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Indian Journal of Malariclogy, 10, [, Muwch 1936.

OBITUARY.
PATRICK ALFRED BUXTON

Tre Science of Medical Entomoiogy has suffered a great loss in the sad
demise at the age of 63 of Prol. Patrick Alfred Buxion, C.M.G., F.R.S., Professor
of Medical Entomology, University of London, and Director of the Depart-
ment of Entomology, School of Tropical Medicine and Hygiene, London,
Prof. Buxton was onc of the most eminent specialists on the relationship
between insects and diseases and his contrtbutions on this subject are widely
known and admired.

Prof. Buxton was born in 18ge and went to the Rugby Training College
in Cambridge of which he was a Fellow from 1916 to 1g21. He served in
Mesopotamia and North West Persia, and from 1921 to 1923 he was Entomole-
gist 10 the Government of Palestine. During 1923-1024 he was leader of the
expedition to Samoa. He was appointed as Director of the Department of
Fntomology at the London School of Hygiene and Tropical Medicine in 1925
and Professor of Medical Entomology in the University of London in 1933,

Under his inspiring personality and gentus, cntomologists from practically
all parts of the world received training in his department which became a focal
point during the last World War when most of the work on medical entomology
for the allied forces was centred under his expert guidance. Prof. Buxton
published a number of technical papers on a variety of arthropods, their
bionomics and control and two of his well-known books are ** Animal life in
deserts ' and “ The louse”, A comprchensive treatise on * The fsetse fly” has
just been published.

His work and accomplishments will no doubt be revicewed at length by
many others. This note is in token of the deep sentiments of affection with
which the Indian entomologists regarded bim.

J.8.
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RELATIONSHIP OF TUBERCULOSIS ON THE COURSE AND
INTENSITY OF PLASMODIAL INFECTIONS
IN M. MULATTA.

iy

Lipur.-CoLoneL JASWANT SINGH, s, ch.s.[din.), n.r.n.{Eng.},
n.nM. & 1. (London),

A, P. RAY, m.B.ns.
AND
. P. NAIR, p.vs, mp.u,

(Malaria Institute of India, Delbi.)

{Peceminr 7, Hi55.}

Nurt strain of P, knowless { Jaswant Singh, Ray and Nair, 1953; Edeson and
Davey, 1953) has been maintained, since its isolation, in the laboratories of Malaria
Institute of India, by successive serial passages of the blood forms of this parasite in
North Indian brown monkeys (M. mulatta), and so {ar it has undergone 233 passages
in these animals.  As reported earlier, the sirain is highly virulent and death in-
variably follows in foor 10 six days after patent infection is established.  The course
of parasitemia is almost dramatic and o per cent or over cell infection is not
infrequent.

A strain of P. imut, originally isolated by Sinton and Mulligan (¥g32), is also
being maintained from the time it was isolated. During the initial phase of acute
infection, there is progressive rise in parasitwmia, though not of the same order as
in P, knowlesi. This strain produces a benign infection and 1s also maintained by
serial passages of blood-induced infection.

In the course of routine daily examination, infection with one or the other
plasmodivm in a few monkeys was noticed to he of a much lower order than
commonly encountered, and postmortem examination in all such cases revealed
tuberculous lestons.

In order to determine whether there was any correlation between malaria
and wuberculosis, or the findings were merely a coincidence, the results of 33
monkeys (19 tuberculous and 14 non-tuberculous} were carefully analysed and are
presented in this paper.

RESULTS.

The parasitological patterns observed in healthy and tuberculous monkeys
infected with the Nuti strain of P. fnowlesi are shown in Table I and Graph 1.

=



4 Relationship of Tuberculosis and Plasmodial Infections.
TaBLe 1.
Course and intensity of P. knowlesi (Nurt stvain) infection in tuberculous and
non-tuberculous monkeys.

1 Prepateatl | i_ﬁakasa'm couxNt eER 1L B.B.C.

! pericd | Puration * Day of death
Monkey ) {days) of ] Peak. yzﬁ'ter
rumbes Details, {from the ; parasitz. | Daily inocula-

- " i dateof mia  iaverage. | Daysafter | o tion
tinoculation). | (days). inoculation. ) '
eami—an e ll
Series I.—Non-tubercalons monkeys.,
3621% Healthy {(Non- | 2 4 3,424 6 9,250 8
; tuberculous) ;
2624% | . . I 4 i 2,000 5 9,000 5
1028+ | . g 1 4 3 457 g 9,000 G
s208 1, g <1 i 3 2,485 5 8,000 5
3462 .\ I 4 2,580 5 7,200 5
5596 | . v <3 i ! 2,892 3 7,500 5
i i | !
ST i . i 4 2,366 5 6,800 5
805 ; . n 2 £ 3,9 8 7,200 ¢
5830 | " » <2 5 | 2,622 6 8,000 6
1 H |
3948 | - b | <3 51 1,971 6 8,500 8§
Series II.— Tubercolosis Stage I.
3272 Duberculous 1 3 i 175 4 S(H) 3
: {mild} :
45 " . 2 4 3,700 ¢ 9,800 8
5517 . . 3 3 U5 8 4,800 3
5424 , . ﬁ 1 i 1,254 4 4,000 é
i |
3345 o 2 4 1,603 6 8,600 8
5E32 oo 2 4 1,646 ¢ | 4600 8
sa1e o, o 2 4 | o1 ¢ ! 5,600 s
Series IIL-—Tuberculosis Stage I,
230 ¢ Tubercuiows 4 | 3 1,589 1 7 ‘I 4,500 T
- imoderate} ! i ; !
4 v 21 3 30 & 1 oo 4
1501 v i3 !
N i |
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6 L o oow b3 0 s mes T 1,200 1
“=Less than. *Jaswant Singh et ol., 1953. {Died before becoming positive,
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GRrAPH 1.
Course of P. knowlest {(Nuri strgin) infection in normel and {ubercnious monkeys.
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Whereas in nornial infection, the prepatent period was approximately on an average
of 16 days, the same observed in mild, moderate, and severe tuberculosis was
t'g, §'2, and 2'g days, respectively. There was no apparent difference in the
duration of parasitzemia in tge non-tuberculous and tuberculous monkeys {average
3'75 10 5) hut the main varfation was observed in the density of parasites {mean
parasite count for the whole infection period) amongst the four groups (2,692
parasitized erythrocytes per 10,000 r.b.c. in non-tuberculous monkeys, 1,761 in
mild, 920 in moderate and 761 in very severe tuberculous cases). Peak parasite
count, recorded during the course of infection, showed that the density attained
was inversely proportional to the degree of tuberculosis. As against an average
count of 7,845 in non-tuberculous monkeys, parasitzmia in tuberculous monkeys
ranged only from 3,000 to 6,233. This peak parasitemia occurred within an
average of 5'5 to 6'q days since infecting them, irrespective of the fact whether
they belonged to non-tuberculous or tuberculous group. Similarly, death of the
monkeys due to P. knowlesi infection occurred on an average of 5°5 to 584 days
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after inoculation in non-tuberculous monkeys as well as in those infected with mild
nr moderate tuberculosis, But in animals with severe lesions, the period was
vrolonged {on an average of 8-3 days). One of the monkeys (Number 5385) which
had severe tuberculosis, showed no parasites in the peripheral blood gll just prior
w death.

The data with regard to non-tuberculous and tuberculous monkeys infected
with P. inui are shown in Table I1, and Graph 2. The degree of tuberculous lesions

Tasre T1.

Course and inlenstty of P. inui infection in tuberculous and non-tuberculous

monkeys.
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> =More than, <= Less than.  *5tiH rupning positive.
Yupleneciomy performed after the perivd,  Became positive three dayys afier.  Parasitazmia
“continued for 58 days with a peak parasitemia of 1,800 and average 3335 per day.
58501l running positive, $§8Died.
Ted before hecoming positive and showed tubereulous lesinn,
*Splencctomy performed alter this period.  Became positive three days after.  Parasitemia
continued for 25 days, with a peak parasitemia of 2,100 and average 3786 per day.

(13

uhserved was “ mild to moderate” in these series, The parasttological patterns
in tuberculous monkeys, both during initial infection and relapses, were in striking
contrast to those found in non-tuberculous monkeys. As against an average
pre-patent period of 7-75 days in normal infection, in tuberculous cases it was more
:han 24775 days. These include two monkeys that died 26 days after inoculation
without becoming positive. The duration of initial parasitemia was only 3'5 days
average) in tuberculous monkeys as against 52'25 days in non-tuberculous ones.
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The daily average parasite count and peak parasitemia were on an average 34
and 847 per 10,000 erythrocytes, respectively, in normal infection, but the same in
tuberculous monkeys was even less than one in both these respects. During
relapses, parasitemia Jasted on an average of 27 days in normal infections whereas
in those that suffered from tuberculosis, it was only four days. Peak parasitemia
amounted to an average of 10 per 10,000 erythrocytes in non-tuberculous and
three in tuberculous monkeys. The daily average count in the same way was
2'7 (average} in the former and 144 in the latter case.

GRrRAPH 2.

Lourse of Po ol infection in normal and twbercuions monkeys.
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DISCUSSION,

There is no clear cut evidence at present (o indicate any antagonism between
tuberculosis and malaria in vertebrate hosts. Rather, the general belief is that
after an attack of malaria, a patient becomes more vulnerable to tuberculosis.

Cacciapuoti (1930) from his experimental evidences concluded that carbo-
lized old tuberculin is valuable in bringing to light latent malaria and thus aiding
diagnosis. According to Shirokogorov {1934) malaria could not be considered
an activator of tuberculosis.
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Makari (1947) encountered an altered tuberculin sensitivity in patients
with chronic malaria {414 per cent in chronic malana as compared to 23-3 per
cent in the control series). This sensitivity was the greatest during the period of
moderate activity of malarial infection and less marked during the periods of
marked activity and of latency. In the experience of Freund & al. {1948) tuber-
culosis did not usually have a conspicuous effect on the progress of P. knowies:
infection. Boyd {1947) stresscd that there was no known disease between which
and plasmodial infection, there existed any unilateral or mutual antagonism. But
an the other hand, Coggeshell and Kumm (1938) observed that tuberculosis had
a somewhat retarding effect on P. knowlesi infection. Intraperitoneal injection of
tive tubercle bacilli into guinea pigs enhanced the antibody formation to various
antigens subsequently introduced by the same route (Lewis and Loomis, 1924:
1g25). Killed tubercle bacilli, when used as an adjunct to formalin-killed
nlasmodia, and combined with paraffin oil and an emulsifying agent, could produce
rmmunity against malaria parasites without infection (Freund ef al., 1948; Thomson
i al., 10947). According to Freund (1947) tubercle bacilli augment antibody
formation against non-related antigens when the latter are introduced into
miberculous animals, or tubercles caused by living or killed tubercle hacilh.

During the present studies, those that showed a few scattered minute caseating
nodules on one or both lungs were taken as mild ones, whereas moderate number
{12 to 14) of scattered caseating nodules of the size of pin to cut-pea indicated
moderate cases. [Extensive caseous puneumonic and broncho-pneumeonic and
generalized miliary types as well as chronic forms with dense appearance of the
lungs and firm adhesions to the chest wall (Nair and Ray, i1g55), constituted
very severe lesions, A careful perusal of the results show that although mild and
moderaie degrees of tuberculosis appear to have only a mild antagonistic effect
on the highly virulent P. Anowlesi (Nuri strain) infection, advanced tuberculosis
docs seem to have an appreciable effect.  However, it should be mentioned here
that the number of animals under Series IV, showing severe tuberculous lesions,
15 quite small and, therefore, no attempt has been made to analyse the dara
statistically.  But the fact remains that at least in two out of three monkeys showing
advanced tuberculosis, the course of parasitwemia was considerably altered so much
so that the mean peak parasitic density in these two animals was recorded to be
seven per cent as against 65 to g2'5 per cent in non-tuberculous animals. This
phenomenon has also been observed in P. imud infection.  Although this plasmodinm
produces a benign infection and has a tendency towards chronicity like P. malarie
nfection in human beings, the anlagonism between plasmodial and tuberculous
mfection appeared to be much more marked in this series. Against the mean
neak parasitic densily of 347 per 10,000 in non-tuberculous monkeys, it was even
less than v per 10,000 in those suffering from tuberculosis.

P. knowlest originally isolated by Sinton and Mulligan (1gg2) gradually lost
its former virulence (Jaswant Singh, Ray and Nair, 1949). Though the actual
cauge for this is not well understood, the fact remains that the strain had to be
passed during that period, through a series of heavily infected tuberculous monkeys.

Tn the present state of our knowledge on the subject, it is difficult to offer
any definite explanation for such a phenomenon, but one s inclined to put
forward the following arguments:—
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It has been observed that the course of P. cynomolgt is somewhat altered in
monkeys kept on low protein diet in that the peak density is of a somewhat lower
order than in infected monkeys kept on standard diet; further, the clearance of
parasites from the peripheral circulation, after the crisis, is often dclayed in the
{ormer group of monkeys {Ray, 1955). Protein deficiency appears to be a plausible
factor under such circumstances, It is, therefore, likely that in tuberculous animals
as well, such protein deficiency occurs as to inhibit the normal growth of the
parasites. Further, it is possible that there may be a competition for some
essential nutrients between tubercle bacilli on one hand and the plasmodia on
the other. Mckee and Geiman (1946) demonstrated that deficiency of ascorbic
acid in the host, like M. mulsita, results in the slow rise in parasitemia, and that
ascorbic acid is essential for the plasmodial growth, It is also well known that in
tuberculosis there is a deficiency in ascorbic acid. In view of these observations,
it could be argued that in tuberculous animals, plasmodial growth is inhibited on
account of deficiency of ascorbic acid in the host.

Whatever be the nature of the inferences from the present studies, it still
remains to be solved whether or not there is a fundamental relationsinp between
tuberculosis and the malarial infection caused by different species of plasmodia and
if there is a relationship, what the mutual factors are that influence the course of
these two infections when they co-exist in the same vertebrate, Further studies,
therefore, on this line are necessary to throw more light on the subject.

SUMMARY.

The course and intensity of P. Anowlest (Nuri strain) and P, i infections
were studied in boih normal (non-tuberculous) and tuberculous monkeys (44,
mulatta). The mean average daily parasitemia due to P, knowlesi (Nuri strain)
in monkeys with severe tuberculosis was much less than in the normal animals,
A more positive finding was evident in P. fnui infection cven though the co-existing
tuberculosis was only of a moderate degree.

Importance is stressed on the necessity for further work on this line to
confirm whether a real and fundamental relationship exists between tuberculosis
and malaria.
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STUDIES ON NURI STRAIN OF P. ANOWLESL.

Part X. Therapeutic effect of hromoguanide and its active
metabolite.

13
C. P NAIR
AN
A. P RAY.

{ Malaria Insittute of India, Delhi)
fl3ecermeher ¥, 1995.)

Bromoguanipe, the para-bromophenyl analogue of proguanit {Curd et al.,
1948; Bami and Guha, 1948; Aincly ¢ el., 1049), was tested previously (Jaswant
Singh, Nair and Basu, 1950) against P. ¢ynomelgi, P. inui, P. knowlesi (the strain
originally isolated by Sinton and Mulligan, 1932) and also against P. gallinaceum.
1t was observed that it was less effective against P, knowiesi and P. gallinaceum than
the former two. Subsequently Bami (1g53) isolated 1-p-bromophenyl-2-4-
diamino-6:6-dimethyl-1:6-dihydro 1:3:5-triazine (active metabolite of bromo-
guanide) from the urine of M. mulatta mulatia (S. rhesus monkeys) receiving daily
doses of bromoguanide. The antimalarial action of this compound as well as the
parent drug (bromoguanide) was assessed againt P. ¢ynomolgi (Ray, Nair ¢ al., 1954;
Nair ef al.,, 195342) and it was noted that the former was approximately twice as
effective as the latter, The present paper reporis the findings of the results of
bioassay with Doth the compounds against blood-induced Nuri strain of P
knowlest {Jaswant Singh et al., 1953; Fdeson and Davey, 1953} which has been
established to be extremely virulent to ihe simian host.

METHODS AND MATERIALS.

The general technique adopted for these investigations was similar to that
reported earlier by Nair, Ray, and Jaswant Singh (19536) and Nair and Ray (1955).
Normal healthy M. mulatta mulaita were infected with the Nuri strain of P. knowlest
and the injected dose {intravenously) was 5 x 10° parasitized crythrocytes per kg.

CrE



12 Studies on Nuri Strain of P. Knowlest.

body weight. Blood smears were taken twice a day, stained with [.5.B. { Jaswant
Singh and Bhattacharji, 1944) and examined. Drug administration {oral} was
commenced in all cases at a time when cell infection had reached o'1r to & per
zent, and continued thereafter daily for six days (total seven doses). The dosage
schedules were calculated in terms of the basc content per kg. body weight of the
animal.

The criteria of assessment was the clearance ol parasites from the peripheral
hlood by the day following the last dose (Class IF effect of Shannon). The
minimum dose of a compound which produced this effect was considered to be
the minimal cffective dose (M.E.D.}). To determine the Class ITT effect
‘complete sterilization of blood-induced infection) blood smears were examined
daily after the cessation of treatment for 30 days. Splencctomy was undertaken
in those animals which did not relapse during the period. Thereafter they were
observed for a further period of 3o days. Class 111 effect was established in those
which remained pegative throughout. Class I effect was recorded when there
was deceleration in the course of parasitzmia to the extent of 50 to 75 per cent of
untreated infection and the life of the animal was prolonged for at least three days
after the cessation of treatment.

RESULTS.

Bromoguanide.—A total of 36 monkeys were placed under different regimes.
The dosage schedules ranged from 0-05 to 10 mg. per kg. body weight of the monkey,
With doses of 0705 to 8 mg., the results were found to be inconsistent as in some
the drug proved ineffective while in others Class IT effect was evident irrespective
of the dose (Table I). However, when the dose was raised to 1o mg.fkg., Class TI
<Hect was observed in all the five monkeys. This dose was, therefore, taken as
the minimal effective dose (MLE.D.). The earliest clearance of parasites in
these cxperiments was observed in 48 hours in one which had received 08 mg.,
while in contrast the time taken for clearance in another treated with ro mg.
was 168 hours. In the rest, the period varied between the two extremes. Class 111
offect was observed in none as those which had indicated Class II activity earlier,
relapsed some time or other,

Metabolite of bromoguanide.—Sixtythree animals were placed under treatment
and the dosage schedules employed were from o'o1 to 50 mg. per kg. body
weight.  Some plasmodicidal effect could be traced in monkeys treated with o-03
mg. and upwards up to 40 mg., with the exception of 0'5 and '8 mg. schedules
in whichk the course of infection was similar to that observed in uninterfered
P. knowlesi infection, and all the monkeys succumbed in spite of treatment
‘Table ITI). Out of 49 animals treated with doses ranging from 003 to 40 mg.
doses, no eflect was produced in 14 irrespective of the schedules, while in 20 there
was mere deceleration in parasitemia. Class IT activity was observed in j2, and
Class ITT m the remaining monkeys, The results obtained were thus quite incon-
sistent.  However, in the series treated with 50 mg., clearance of parasites was
vecorded in three out of four by the day following conclusion of treatment.
The fourth animal died during the course of treatment probably on account of
wxic effects. Postmortem examination did not reveal inter-current infection.
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This dose may, therefore, be considered as the MLE.ID. even though it is near
the toxic level,

Judging from the speed of action it 1s coosidered to be tardy as in most
cases parasite clearance was not observed earlier than 72 hours, the range being
48 to 168 hours. Relapses after the initial clearance occurred between two and
nine days from the completion of treatment in all, except three cases one each
under 015, 1*00 and 2°00 mg. series,

TasLr L.

Effect of bromoguanide on blood-induced P. knowlest (Nuri sirain} infection.
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TasrLe T1.
Effect of the active metabolite of bromoguanide in blood-induced P. knowlesi
{(Nuri sirain) tnfection,
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DISCUSSION.

From the results recorded above and the previous findings of Nair, Ray
and Jaswant Siogh (19535), the ML.E.D. of bromoguanide and its active metabolite
has been found to be 10 and 50 mg. and their guinine cguivalent 3°0 and 06
respectively,  The effect of these two drugs is no doubt tardy and their minimal
cffective dose is nrear the toxic level as some of the monkeys died at the time of
treatment. The activity of the two drugs as well as proguanil and its active
metabolite have alrcady been assessed against P. gynomoigi, P. knowlesi (Nuri strain),
P, berghei, and P. gallinaceum. The quinine equivalent as determined in the above
irials are indicated helow:—

Mame of Drug. E Species of parasite. f Quinine (equivalent). | Reference.
Proguanil P. gallinaceum | 16 ! Jaswant Singh ! al., 1952.
P. berghei ‘ 180 {for Class I effect)
: | 40 {for Class 11 effect) | Rrishnaswamiefal., 1953,
P opnomnlgi : an | Nair i al., 19834,
. P.knowlesi (Nuri | 154 i Nair et of ., 19534,
+ strain} i [
1 M
Bromoguanide P gallinaceym ; 32 ! Unpubiished.
D P, berphei ; i .
C P ?nomofgi ! 9-09 | Nair e/ al., 19535,
" P. knowlesi ! 3 ! Present investigation.
: i H
Active metabolite © P, gallinaceun :’ 256 Jaswant Singk of al., 1054,
of proguanil. !
i P. berghei 32,600 for Class 1 effect, | Krishnaswami ef al., 1933,
! i 192 for Class I effect.
. P. gynomolgi . 33 Jaswant Singh et al., 1856 (In press)
- P knowlesi (Nuri 086 Nair et ¢l., 1935,
" sirain) |
Active metabolit:  P. gallinacesm ; 512 Jaswant Singh ¢! al., 1954,
of bromoguanide. ; ‘
i P. berghei !
© P cynomolpi ! Y7 Ray ¢ al., 1954,
. P kroielest (Nuri | 0-6 Present investigation.
' gtrain) i

The sensitivity of P, knowlesi (Nuri strain) and P. cpnomslgi was moxe marked
to proguanil than bromoguanide or the two metabolites. On the other hand,
£. gallinaceum appeared to be more sensitive to the two metabolites than their
corresponding parent drugs. Regarding the relative sensitivity of P, berghet to
proguanil and its metabolite, the metabolite in terms of the Class IT effect was
o8 times and in terms of Class T effect 25 times as cffective as proguanil.
Activity of bromoguanide against P. ¢ynomelgi was almost half as much as its
metabolite but against P. krowlesi (Nuri strain) the parent drug was five times
more active than its active metabolite. Proguanil was about eight times more
active against P. knowlesi (Nuri strain) than against P. cynomslg: but on the contrary
bromoguanide was three times more active against P. ¢yromolgi than against P,
knowlesi {Nuri strain). This comparcs well with the earlier finding that bromo-~
guanide as judged from its speed in the clearance of parasites was more effective
against P. cynomolgi than against P. knowlest, the strain isolated previously by Sinton
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and Mulligan in 1932 (Jaswant Singh, Nair and Basu, 1950). In this connection,
it may be mentioned that trials are in progress in human malaria with the
metabolite of bromoguanide, but there i3 evidence to believe that in the case of
bromoguanide, it is generally inferior to proguanil not only against avian
{ Jaswant Singh et al., 1950) and simian (Nair ¢ ol., 19534 19538) nfections but
also against human infection duc to P. zivax (Chaudhuri, 1gs54).

SUMMARY.

Bromoguanide (the para-bromophenyl analogue of proguanil} and sts active
metabolite (1-p-bromophenyl-2-4-diamino-6:6-dimethyl 1:6 dihydro 1:3:5-triazine)
were tested against blood-induced P. knowlesi {Nuri strain} infection in a total of
gg monkeys (M. mulatta mulatia) according to the standard procedures and
technique followed at the Malaria Institute of India, and the minimal effective dose
{M.E.D.) was found to be 16 and 50 mg. base, respectively, per kg. body weight
of the ammal.
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STUDIES ON PLASMODIUM BERGHEI VINCKE AND
LIPS, 1948.

XX7JI. Effect of cophorectomy on the course of infection in
albino rats with blood-induced infection.*

BY
A, K. CHAKRABARTIL
{Malaria Insiitute of India, Delhi.)
December 27, 1956,

CurserIsON {1941) showed a significant rise in the resistance of young female
rats to artificially induced infection of Trypanosoma lewisi by giving them subcuta-
neous injections of aestrin, He concluded that the female sex-hormone influenced
the resistance of young animals to parasitic infections. Ray and Bose (1954}, on
the other hand, observed that injections of cestrogenic hormones did not affect
the growth of P. herghei in laboratory mice and rats. These authors further
observed that the density of parasitemia remained at a considerably lower level
in the oophorectomized animals than in the intact ones. In their opinion, the
difference is due to some kind of a disturbance in the metabolic pattern of the
animal host resulting from the absence of ovarian hormone, which might not be
favourable for parasitic growth. Zuckerman and Yeoli (1954) showed that
oophorectomy had no demonstrable effect on the susceptibility of the animal host
o P. berghei.

It appears from the above that, there is a divergence of opinion regarding
the rale played by the ovarian hermone in the host-parasite relationship in
nrotozoal infections. The present work was carried out with the object of further
studying if and to what extent the course of infection in the oophorectomized
animals precisely differed from that in the intact oncs,

MATERJAL AND METHODS.

"The strain of P, bergheit maintained in white rats at the Malaria Institute of
India was used. The standard dose of inoculation was 1 x 106 parasites per animal

™ 7 ¥This paper reports a pars of work for a thesis proposed (o be submitted for a doctorate,
tReceived in 1952 through the courtesy of Brigadier J. 5. K. Bovd of the Burroughs Wellcome
l.aboratories, Lid., London.
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injecied through the intraperitoneal route. Details regarding the experimental
inoculation and enumeration of parasites per 10,000 erythrocytes in the daily
blood smears were as described by Ramakrishnan, Satya Prakash and Krishnaswami
i{rg53). The main criterion of assessment was the difference between the daily
and peak parasitemia per 10,000 erythrocytes in the experimental and control
animals.

The experiment was conducted with a total of 19 young adult, virgin female
albino-rats of approximately the same age (eight months), and weight {175 gm.}.
The animals were divided into four groups, as follows:—

Group 1 6 animals
Group II ., 3 animals
Group TII ... 4 animals
Group IV ... 6 animals
Total . 19 animals _

All the nine animals of Groups I and II were subjected to bilateral oopho-
rectomy under general anasthesia (nembutal administered intraperitoneally
15 mg.[ 20 gm. body weight}. The technique of oophorectomy was as described by
Ingle and Griffith {1949}, About 11 to 14 days after the oophorectomy, the three
animals of Group II along with the four of Group II1, were splenectomised accord-
ing to the technique described also by Ingle and Griffith under nembutal anas-
thesia as in the case of ocophorectomy. A little over 20 days after the splenectomy,
all the animals of the four groups were experimentally inoculated with parasites.
Splenectomy in the animals of Group IIT was performed in order to determine
the effect, if any, of cophorectomy on the innate immunity to infection. That
spleen is responsible for enhancing the imnate resistance of the host against parasite
infection, has been amply stressed upon by Perla and Marmorston (rg35),
Culbertson {1g41), Rodhain {1949; 1951), Galliard (1949), Fulchiron (1952}
and others, although Baldi (1952), Fabiani and Fulchiron (1954} and Matila
¢ al, {1954} have held the opinion that spleen has not got much of a réle to play in
the innate resistance of the host. According to the latter group of authors, on the
other hand, this organ is an cssential clement in maintaining and evolving the
acquired specific immunogenic response of the host.

The six animals of Group IV, which were neither oophorectomized nor
spieneclomized, served as control to the remaining experimental animals.

ANl the animals were maintained throughout on balanced diet.

RESULTS.

Since individual variations are apt to occur frequently in a biological
experiment, average figures for the daily and peak parasitemia for the individual
groups of animals were considered for the purpose of interpretation of results,
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TasLe L

Average figures of the daily and the peak parasilemia in vespect of the experimental
and control animals.

i'
AVERACE DAILY PARA~] Average !
sErAMLs PER 10,000 Ipeak para-

Anuiel groups. Nuniber of ERYTHROCYTES,  |sitemia per| Day of
Uoamimal, e S T\ RG] peak.
! ! Second | erythro-
First week. | week, cytes,
e i b i e o e e s e -
Group I.—Oophoreciomised 6 541 1,777 3.1 8th
Group I, —-Qophorectomised .
and splenectornised 3 590 Alldied. ! 2,525 8th
Group HI.—Splenectomised ... 4 402 All died. 1,984 8th
(‘;mup 1V.—Caonirols ¢ 414 2,559 3,185 ] 9th
i .

Tt was observed during the course of infection that Group IT and III animals
died in about eight to nine days, apparently from beavy parasitemia and anzmia.
Curiously enough, the onget of an@mia was scen to cccur earlier in the oophorecto-
mized and splenectomized animals than in the controls. No quantitative
determination of the actnal amount of anmmia present was, however, made.

Tt is seen from Table T that the peak parasitzmia in all the groups of animals
appeared more or less on the same day. The range of the peak parasitemia did
not significantly differ from cach other, as was found by the application of the
statistical test of significance for small samples (Fisher, 1934; Tippet, 1945). While
considering the average daily parasitemia it is observed that in the first week of
infection it was highest in Group IV and lowest in Group III, and in the second
week it was higher in Group IV by 782 parasites per 10,000 erythrocytes than in
Group I. Tn the first week alse the parasitzemia in Group I'V was higher than in
Group I by 373 parasites per 10,000 erythrocytes. But the above two differences
of means, #iz., 373 and 782, did not prove to be significant by the application of
“1” test. The difference between the mean average parasitemia of Groups ITI
and TV (512) was also found to be satistically insignificant.

DESCLSSTON.

Withiin the limitations of the investigation it would appear from the results
of the experiment that, unlike the male sex-hormone {Chakrabarti, 1955), absence
of the female sex-hormones does not cause any modification or alteration of the
course of P, berghei infection in rats. It is further evident from the fact that, since
neither the peak nor the average daily: parasitemia in the Groups II and III
animals differed significantly, the female sex-hormones do not perhaps influence
the innate resistance of the animal host. The present findings are in agreement
with those of Zuckerman and Yeoli (1954) referred to previously.
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After the parasitemia in the eleven surviving animals of Groups I and IV
had remained latent for about 12 to 14 days, splenectomy was performed in all of
them with a view to study the effect of the previous cophorectomy on the acquired
specific immunity of the host because the spleen is indispensible for such immunity
{Galliard and Lapierre, 1g50; Ramakrishnan, Satya Prakash and Krishnaswamsi,
ig5r; Fabiani and Fulchiron, 1954). Unfortunately, 6 out of the 11 animals
succumbed very early to the operational shock in some and to heavy parasitemia
in others, In the surviving five animals belonging to both the above groups,
of course, no significant difference in either the peak or the avcrage post-
splenectomy parasitemia was observed. It would appear from the available data
that the female sex-hormones perhaps have no influence upon the acquired
immunity of the animal host to P. berghei infection.

Ramakrishnan, Satya Prakash and Krishnaswami (1951}, while studying the
influcnce of sex on the different stages of infection in P. berghei, held the view that
female rats were able to overcome the primary parasitemia comparatively earlier
than the males. Greenberg, Nadel and Coatney (1953) also supported the above
observation by saying that, apart from the genetic constitution of the host, the
temale mice of the same strain survived the infection longer than the males.
Bennison and Coatney (1948), on the contrary, observed a significantly greater
susceptibility of female chicks than the males to infection with P. gallinaceum.
Apparently from the observations of the above authors it is not quite indicative
that the female sex-hormone, as such, has anything to do with the modification
of the course of infection in that sex. It is possible, however, that the existence
of some distinctive metabolic pattern, perhaps regulated by the influence of other
sndocrines like thyroid, hypophysis and adrenals, in the particular sex of animals,
can be responsible for bringing in a change in the parasitic metabolism,

SUMMARY.

Bilateral oophorectomy in virgin young adult albino rats did not show any
significant difference in the course of infection with P. berghei, either in peak or in
average daily parasitemia when compared with intact controls. Neither initial
splenectomy prior to inoculation nor spienectomy during parasitic latency appeared
to have altered or modified the course of infection in cophorectomized animals.
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STUDIES ON THE BIONOMICS OF ANOPHELES FLUVIATILIS
IN MYSORE STATE, INDIA*

J1. Bionomics in Western Hill<iracts, Mysore State.

BY

5. R. BHOMBORE,

{Bureau of Malariology, Mysore State Health Department, Bangalore),

N. L. SITARAMAN
AND

. ACHUTHAN.

{ Malana Investigation Centre, Saklaspur.)

{ Oetober 21, M5B, §
INTRODUCGTION.

In view of the varied observations recorded in different parts of the country
on 4. fluviatilis, the available litcrature on the bionomics of this species was reviewed
by Brookeworth and Sitaraman (1g52). As a result of this review, these authors
came to the conclusion that Anepheles fluviatilis waz not a homogencous species in
different parts of India. They visualized two possible forms of 4. fuviatilis:
{1} an anthropophilic form, mainly resting outdoors, submeontane in habitat,
eflicient vector and of a low density; and (2) azoophilic form, resting mainly
indoors, plains inhabiting, poor vector and high in density. They concluded that
these characteristics were very significant in any discussion of geographic races
of this species.

In the present paper are given some observations made on the bionomics of
this species, extending over a period of three years, in the Western Hill-tracts of
Hassan District, Mysore State, India.

AREA OF STUDIES.

The areas where these studies were conducted display remarkable variations
in rainfall’on an unusually sharp gradient.  The western portions of Mysore Siate—
the so-called ‘ Malnad *~—receive heavy south-west monsoon precipitation, in

*'I;;l-t: studies on which this paper is based were conducted By the Burcaw of Malariolegy, Department
of Public Health, Government oflgiysarc, with the support and under the auspices of the Diviston of Medicine
and Public Health of the Rockefeller Fonndation,

{23)
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some places approaching 230 inches annually. These are characterized by steep
hills covered with thick forests and deep, narrow valleys where paddy can be
grown. To the east of these parts, there is a fairly abrupt cransition to relatively
dry terrain with 40 inches or less of rainfall per year. As one proceeds from west
10 cast, rainfall decreases at the average rate of ten jnches per mile, Forests are
thinner, valleys are shallow and wide, and paddy is more extensively cultivated,
This disparity in meteorologic, vegetative and geographic conditions results in
a diversity of mosquito-breeding places.

For purposes of studying the epidemiology of ‘ malnad * malaria in typical
sitnations where no insecticides had been in use, three groups of villages were select-
ed in the Jow, intermediate and high ramfali areas, The factors which governed the
selection of these villages were high spleen rates and abundance of suitable breeding
places of the alleged vector species—ad. fluviatilis. The average anpual rainfall
mn the three areas was 48'23, 83°19 and 2230 inches, respectively.

A rapid malariometric survey indicated that the area as a whole varied
from low 1o high endemicity for malaria, The parasitemia was very low, though
it exhibited all the three species of malaria parasites. Table T depicis the three
groups of selected villages according to the intensity of rainfall, physiography and
habitats of 4. fluviatilis larve,

Tasre 1.
Rainfall, physiography and habitats of A. fluviatilis laroe in three selected areas.
|

Annual Habitats of fluniatilis
Jelected villages, rainfall ¢ Physiography, larvar.
{inches) :

Rikkedu, Intitolaln 40130 Genlly rolling plain, support-| 1. Sireams with siow current,
Moeolehole. i ing extensive scrub jungle, marginal vegeiation, grassy
Large areas under coffve hanks, parttal shade and
and paddy cultivation. sunlight, clear water.
South.west monsoon main ¢ 2. Drainage channcls along

source of ircigation, though margins of paddy fields.
tank-irrigation is also carri- | 3. Sce page streams with slow
- ed out to a limiled extent. current,
- i) H
: : |
Magalo Holager, | #0-lo¢ | Hroad wvalleys, FExtensive ' 1. Perennia)  streams  with
Kerodi, Saklaspur | i areas under coffee, carda- grassy cdges.
Town and nearby | i mom and pepper and some | 2, Draipage channels along
villages. i t paddy cultivated.  South- margins of paddy fields.
; ¢ awvestmopsoon main source | 3. River banks with emergent
o irrgation, vegetation.

4. Large tanks with penile
wave acliot.

|

Abave 200 Steep rugged valleys and | ), Perennialstreams withslow

Bhaltaballi, Goda- ;
nane, Kurovu. : i dense forests, Sparsely current and marginal vege-
} . populated. Cardarrom tatton; if current rapid,

! i

chief ecrup; a small amount | islands with overhanging

of tea; paddy cultivation in ! wrees and dense shade some-
the narrow valleys, South- | times.  Turbid water.

. west monsoon mainsource ; 2, Drainage channels along

P of irrigation. i margins of paddy felds,

L with grassy edges,
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Saklaspur Town and nearby villages, corresponding to the intermediate rain-
fall area cited above, were, however, being sprayed with residual insecticides since
December 1048 and thus served as an experimental area for these three groups
of unsprayed villages.

MATERIALS AND METHODS,

Standard cniwomological methods were employed Jor anopheline surveys.
Daytime collections of larve and adults were made between 0g.30 and 12.50 hours,
Night-time hand and window-trap collections were conducted between 18.00
and 06.00 hours to study the nocturnal activities of the anopheline species in the
three areas. Outdoor collections were carned out for a period of five months in
the low rainfall area ncar prolific breeding places of 4. fluviatilis. Hand and
window-trap collections were carried out at four-hour intervals on a twenty-four-
hour basis in two villages near Saklaspur Town for aperiod of five months to study
the anopheline composition during the different quarters of the day and the night,
Adult captures were expressed as per man-hour or per trap-hour figures as the case
may be, while larval collections were reduced to average number of larve per ten
minutes of actual dipping to emphasize intensity.

LARVAL HABITATS,

Puri (1949} lists the larval habitats of A. flwiatilfis as * clear water pools
along edges of running streams and jrmgation channels ”,  He further states that
the same larval habitats arc occupicd by 4. minimus, although the laiter breeds
in ricefields also, thus implying that A. fluvtatilis does not breed in ricefields,
Christophers (1933) also fails to mention ricefields as a larval habitat of this species,
Viswanathan (1946) lists the optimal breeding places of this species in Bombay
Presidency as streams, channels, shallow earthen wells, sugarcane and betelnut
garden trenches, uncultivable swampy fields and ricefields in all stages of paddy
culture,

There has been ample copfirmation of the stream-breeding habits of this
species during these studies, but exceptions were also recorded {rom more than
one standpoint {Table JI). Before and soon after the onset of the south-west
monsoon when this species had reached its peak of abundance, larve could be
found in numerous habitats in addition to the uswal breeding places cited by
Puri (1949). They were taken frequently in warm—almost slagnant—side-
pockets of sireams, sometimes with extremely muddy water and no appreciable
current. Though marginal vegetation seemed to be usually required for their
shelter, at times a mass of hali-submerged rootlets accomplished the same purpose.
in the intermediale rainfall area, larvie were collected in large numbers from a
shallow tank with grassy edges and with a gentle wave action. A small percentage
{0 4 per cent) was collected from swamps and paddy fields.

According to Covell and Harbhagwan {1939} this species resorts to shallow
wells during the monsoon when the usual breeding places are flushed by heavy
rains, But intensive searches to locate the alternative breeding places during the
rainy season in the high and intermediate rainfall areas were (ruitless. The reasons
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for the virtual disappearance of the larvae from their breeding places soon after
the beginning of the monsoon, and their sudden reappearance after the cessation
of rains still remain a mystery.  But in the low rainfall area, where flooding is less
extensive, fluviatilis Jarve were encountered right through the monsoon, although
in depleted numbers {Table IH),

QF the 1,146 fluvialilis larve collected during these studies, 7,826 {865 per
cent) were collected from running water, while the remainder (13°5 per cent) were
found either in water with no appreciable current or in stagnant water, Table II
lists the numbers of fluviatilis larve collected from different habitats in the three
arcas under study.  The scasonal prevalence of the species is depicted in Table IIL

It was trequently observed during these collections that habitat of wvaruna
was not ~ wells and clear water pools >’ as given by Puri {1949), but the identical
hahitat occupied by fuviatilis, i.c., various streams with abundant marginal
vegetation,  Paruna larvae almost always cxceeded fluviatelis larvae in number at these
sites and it was actuvally possible to usc veruna as a guide to the discovery of
ftaviatilis on many occasions by making a concentrated search for fuviatilis where
zarune had already been found.

Tasre [L
Optimal breeding places of A, fluviatilis in the three rainfall areas under study.
Halitats. : Numbers. |Percentage.
Streams... ] 2,620 865
Tanks . P T 62
“hannels T e 435 43
River bed [ 197 241
Tank outflow seepage (. 34 -3
Swatnps.. . . ! 25 0-2
Paddy fields b v 2
Ponds L 2+ 02

Tasre IIL

Seasanal prevalence of A. fluviatilis larve in the three rainfall areas under study.
{Sakiaspur Town and nearby villages excluded.)

© Low RAINFALL AREA | INTERMEDIATE RAIN- HiGH RAINFALL AREA
‘ (Bikropu): FALL AREA {YESLUR): {Kapmang):
Months. ‘
. Number {Averageper| Number |Averageper) Number |Average per
collected. (10 minutes.| collected. 110 minuecs.) collected. |10 mimstes.

January R 711 1-0 26 0-2 40 03
Felrogary T 1) -1 89 o-0 6 04
March ... v i 340 245 70 16 | I87 -2
Aprit ... 439 7-6 220 37 i 592 &0
Ray .. pix2.] 3-3 138 22 34 47
fune L 216 2-4 68 %9 17} 21
duly 143 RSO i8 02 7 -]
August .., it 03 i 1] 00 0 00
Septesmber 16 I 1 Y o
Oecioher 2 4 a0 | {t -0
Newvember 17 #-1 [¢] -0 ! i
Drecembor a4 e [t] was i i

|
i
'!
t
|
|
!
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ADULT HABI'YS.

{a) Daytime resting places.-~-Observaiions on the daytme indoor-resting places
of 4. flumatilss by Jaswant Singh and Jacob {1944) in North Kanara; Measham
and Chaudhury (1934) in the Annamalai Hills; and Viswanatban (r950) in
Bombay State indicate that the fraction of the fuviafilis population clecting to
remain indoors during the day is almost exclusively in human dwellings, with
only about five per cent occupying cattlesheds, Russell and Jacob {rgqe) record
that this species is often found on lower portions of walls, not more than five feet
from the floor. '-

The data gathered during the present studics, on the other hand, exhibit
marked deviations from the foregoing observations. In all the three rainfall arcas
the bulk of the collections came from cattlcshed, mixed dwellings yielding the next
highest catches, while in human dwellings were recorded the lowest numbers,
Also, they were captured more often hanging down from the attic rather than
resting on the walls below five feet from the floor. The numbers of A. fluviatilis
collected in the three types of dwellings are summarised in Table 1V,

Tasre IV.

Daytime resting places of A, fuviatilis in three types of dwellings.

Low RAINFALL AREA | INTERMEDIATE RAIN« | HIGH RAINFALL AREA
{Bixkopu): FaLL ARrkA {YESLUR): {KaDpmaNg):
Type of dwelling. NN RUUNERE SO "
'N{_’lll[?ﬁ:a Percentage. :i:ﬁTJ?EB Percentage,| filill?: cblgl. Percentape.
Huran dwellings .., 13 60 o 0-0 8 N T 2%
Mixed dwellings e 28 130 2 457 21 ;230
Cattdesheds AU 71 810 28 B3 5 | 63
Total .| 215 48 (O
I

Senior White {1941:1946), Viswanathan and Ramachandra Rao {1943},
Viswanathan ¢f al. (r944) and Issaris et @l. {1953) observed a significant fraction
of fluvtatilis population resting outdoors during the daytime in Satpura Ranges
and Singhbhum Hills, North Kanara (Bombay) and U.P. Tarai, respectively.
‘They found that the outdoor resting places were mainly on banks of streams where
mosquitoes could find shelter under overhanging vegetation, projecting stones,
culverts, ete.

With a view to discover favourite and characteristic outdoor resting places
of this species, intensive searches were carried out in the low rainfall area near a
stream where large numbers of flusiatilis larve were being regularly collected. In
vigorous searches extending over five months along the banks of the stream, under
culverts and in clefis along the bank and paddy fields, not a single fuviatilis was
collected, though numbers of aconitus, annularis, barbirosiris, culicifacies, jeyporiensis,
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pallidus, subpicius, vagus and culicines could be collected. During the same period,
46 fluriatilis were taken in the routine catching stations in the area. From this,
onc is Jed to infer that in this area outdoor resting A. fluviatilis does not form a large
part of the vector population. This was further corroborated by a window-trapping
programme cxtending over nine months, which yielded only one 4. fluviaiilis in
the traps, although significant numbers could be collected resting inside the same
dwellings.

(#)  Biting time.——Conflicting records cxist regarding nocturnal activity of
A, flumatilis, Nursing et al. (1934) recorded in Mysore State that as many fluviatilis
entered houses during the first half of the night as in the second. Since, however,
abdominal conditions of these mosquitoes were not recorded, it is not possible to
say whether this represents hiting activity or not. Viswanathan and Ramachandra
Rao {1943) in North Kanara (Bombay) found that females of A, fluviatilis entered
# human shelter shortly after dusk and the majority completed feeding before
midnight. They observed that 71°0 per cent entered houses for feeding during the
first quarter of the night, 19'0 per cent in the second, 70 per cent in the third
and 3'0 per cent in the last quarter. Observations of Jaswant Singh and Mohan
{1957) in the Nilgiris indicated that feeding took place in all four quarters of the
night, most of this activity being confined to the second and third quarters, indicating
a difference from the carly feeding mosquitoes in Bombay State.

In studies on the anopheline composition of two villages near Saklaspur
Town during the different quarters of the day and night, all mosquitocs collected
were identified on the spot and their abdominal conditions recorded. In the first
collection {18-00 1o 18'30 hours) no fresh-fed specimens were collected ; in the
second collection (22:00 to 22'30 hours) sixty specimens with fresh bleod and
thirteen with partially digested blood were taken, while in the third collection
between 02:00 and 02°30 hours eight specimens with {resh blood and twenty-two
with pariially digested blood were recorded, and in the fourth collection between
o600 and 0630 hours four had fresh blood and nineteen had partially digested
blood. From these observations it was evident that the peak feeding interval of
A, fluviatilis n this arca was between 21-00 and 22°30 hours (81-0 per cent) though
some feeding took place between 02-00 and o600 hours also.

In all the three rainfall areas smalier numbers of A, fluviatilis were collected
during night collections as compared to daytime collections in the same catching
stations. As in the daytime collections, more 4. flupiatilis adults were collected in
cattlesheds than in human dwellings in all the three areas.

ey Anthropophilism and zoophilism.-—Jaswant Singh and Jacob (1944} observed
that in North Kanara 64'0 per cent of captured 4. fluriatilis had fed on human
blood. These authors stated further that in the foot-hills of the United Provinces
the anthropophilic index was less than five per cent. In the Singhbhum Hills,
Senior White (1947) found an anthrepophilic index of 56'8 per cent.  Viswanathan
{1946} quotes further work by Jaswant Singh at Poona where gg'o per cent of 109
A. fluviatilis contained blood of bovine origin. These reports indicate that
anthropophilism is characteristic of A. fhwiafilis in hill regions where vectorial
capacity is high and population density is low, while zoophilism characterises plain
regions where vectorship is poor and densities are high.
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Qur observatons reveal that, contrury to the notion of a high anthropophilic
index in the [oot-hill regions of Peninsular India, in all the three rainfall areas
under study, the anthropophilic index of A. fuviatilis is very low, only 22 out of
656 specimens being positive for human blood.  Of thesc 22, 15 were from speci-
mens found resting inside cattlesheds. This finding was of some significance, as
only human and mixed dwellings were so {ar included in spraying programmes.
The fact thar a significant pereentage of flusiatilis found resting in cattlesheds had
previously fed on human Deings, indicated the necessity 1o spray detached cattle-
sheds alto. From these data it appears as though A. flurtatilis in this area is a
mixiure of anthropophilic and zoophilic races, the former forming a very low
proportion of the population.

(dy Flight range.—There are no records of observations on the flight range
of 4. fluviatilis from their natural Jarval habitats, The studies of Adisubramaniam
and Vedamanikkam (1943) in Wynaad indicated that 4. fluviatilis had a short
range of {light—not more than a thousand feet from human dwellings. Venkat
Rao and Philip (1947) in the Hazaribagh ranges and Jeypore Hills found significant
numbers breeding up to at least half a mile from human habitations and presumed
this to be the usual fight range of A, fusiefiliy in these areas,

During the present studies it was found that there was an inverse relationship
between the numbers of 4. fluviafills larve collected and the distance of nearest
human habitations. Maximum numbers were collected when the distance was
up to two {urlongs, and, when it was six furlongs, there was some breeding but
not in an appreciable manner.

{e) Seasonal prevalence.—The annual peak of the adult populations in the
arca as a whole is in the early part of the year up to April (Table V). The most
striking feature of the seasonal cycle of this species in all its stages in the high and
intermediate rainfall arcas is its virwal disappearance following the onset of the
south-west mongoon and its sudden reappearance in December, alter the rains
have stopped., . :

(f} Colonisation in the laboratory—All attempts to rear A. fluviatilis in the
Jaboratory in cages of 3 x3xg feet were unsuccessful. Larvae were collected in
large numbers from the three areas under study and were reared on yeast. Water
in the larval pans was changed daily and relative humidity in the insectary was
maintained at about %00 per cent. lLarval mortality was less than 4'0 per cent,
pupe formed being transferred to cmergence cages. Adults, afier emergence, were
fed on soaked resins and glucose sotution for twenty-four hours before being offered
a blood meal {both human and rabbit). Mortalily among adults was very high,
50°0 per cent dying off within four or five days. ‘Though-the females took a blood
meal, this was not accompanied by a corresponding’ ovarian development.
issections of these specimens indicated that they had: not mated. Ilumination
of the cages by a blue light (Mohan, 1945) did not induce swarming and
mating. :

{g) Critical densities.—Wherever this species is an important vector, it has
exhibited a strikingly high infection rate but low prevalence. Viswanathan (1948) -
is of the opinion that four anthropophilic 4. fluviatilis per ten man-hours is the
threshold density for effective malaria transmission in the area.
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TapLe V.,

Seasonal prevalence of A. Buviatlis in the three rainfall areas under study.

(Daytime collections.)

Low RAINFALL AREA, | INTERMEDIATE RAIN- | IIGH RAINFALL AREA,
BIKRODU FALL AREA, YESLUR Kapwans
honths. .

Actuals, Pcr}igl::: " Actuals. Pe}:ég::. B Actuals. Pe}a;;grr;a.n-
January 26 56 B 3-0 18 40
February . 28 78 9 30 17 50
March ... 24 50 7 2-0 23 80
April ... 20 50 14 50 19 49
May ... 9 30 2 LLS | ) 04
June . 20 7 4 4 2-0 0 0
July 25 80 0 a0 0 80
Aagust ... 13 30 ¢ LIt 0 1387}
September 4 IR 0 0-0 0 | 00
Qctober @ 00 ] 0-0 ] i -
Navember 8 2-0 0 00 6 -0
Drecember 38 80 3 0-1 2 RS

Though no naturally infected specimens were found in the course of these
studigs, in view of the high zoophilic predilection of the species in the three areas,
it is safe to infer that the critical density mugt be considerably more than four per
ten man-hours.

DISCUSSION AND SUMMARY.

The various reports about the bionomics of 4. fuviatilis in different regions
indicate that the differential behaviour of this species must be a refleclion of
physical attributes of the environment in which it finds itself. It is well known
that, when populations within a species have become geographically isolated,
adaptation to local ecological conditions, accompanied by natural selection, must
progress constantly, affecting not only structures but also functions and behaviour.

Though no constant morphological variation has, as yet, been detected either
in adults or larvie, nevertheless the hypothesis has been advanced about the
possibility of biological races of 'd. fuwiatilis, judging from different vectorial
capacities and host predilections in the various parts of its range of distribution.
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Viswanathan (1946} has postulated that vectorial capacity varies mnversely
with the abundance of the species. Another corrclation is that vectorial capacity
is high in foot-hill regions but low in the Deccan Plateau. It has been asserted
that, in hilly regions of Peninsular India, this species is an extremely efficient vector
and it may be significant in the Deccan if abundant. But it has been shown
repeatedly that it need not be, wherever it occurs, the efficient vector it is in the
Western Ghats. Christophers (1933), however, states that it is an imporiant
carrier wherever found.

The various reports about the feeding habits of this species have indicated
that hilly regions are inhabited by anthropophilic 4. fluviatilis with 2 high vectorial
capacity and low density, while plainregions are characterized by zoophilic members
with poor vectorial capacity and high densities, The present studies have revealed
that this cannot be taken as a generalization, as it has been shown that zoophilic
populations may form a considerable proportion even in hilly regions.

1t might be argued that extensive residual spraying programmes have
brought about an alteration in the environment of the mosquitoes and that the
species may be responding to this altered ecological condition in a way that has
led, through adaptation and natural selection, to the development of house-avoiding
strains, more or less completely adjusted to an environment wherc houses are
routinely sprayed with residual insecticides. Whilc this may be true in the case
of whole areas where intensive spraying is carried out (for example, Saklaspur
Town and nearby viliages), the same behaviour prevailing in entirely unsprayed
areas also indicates that given regions, with the same stimulating forces, must be
populated by genetically pure strains of mosquitoes. It adds further evidence to
the fact that this species does not exclusively utilize human dwellings as daytime
resting places in all hilly regions.

The disparity in the various reports about the behaviour of this species in
the different regions in which it has reccived attention tends only to emphasize
ihat it exists as biological variants despite morphological homogeneity. The
present studics may weil Jend further support to such a contention. There may be
populations of given species of anophelines in South India, living within a few
miles of one another but so far removed by ecological barriers as to show
different adaptations.
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ADDITIONS TO THE RECORDS OF THE ANOPHELINE
FAUNA OF MANDYA DISTRICT, MYSORE STATE,
SOUTH INDIA.,

BY
H. SHAMA SASTRY
AND

T. 8. RAMA RAO.
{Malaria Training Centre, Mandya, Mpysere Stale.)

{ Janvary 3, 194, }

Rao and Nassiruddin {1945} while discussing maiaria problem in the Irwin
(Ganal area, now called Viswceswariyya Canal area, reported the following fourteen
species of anophelines as a result of intensive collections of adults and larve made
between 1995 and 1939, in ten selected villages round about Mandya :—aconitus,
annularis, culictfacies, fiwviatilis, hyrcanus, jamest, jevporiensis, pallidus, stephensi, subpictus,
tessellatus, twrkhudi, vagus and varuna.

From 1939 up untl 1951, though there was no contimous collection of
mosquitoes and larve, yet collections were made in connection with certain special
studies undertaken during that period. These collections revealed the presence of
rwo additional species, viz., A. barbirostris and A, splendidus in the area.

Consequent to the usc of residual insecticides for malaria control in the area,
systematic collections of adult mosquitoes and larve were organized at weekly,
fortnightly and monthly intervals in sefccted villages of the area. During these
collections, over a period of four years (July rg51 to June 1955) specimens of
A. kerwani and A. philippinensis were also encountered in the area.

It is the purpose of this note to bring the anopheline records of Mandya
District, Mysore State, up to date.

During the period, July 1951 to June 1955, a total of 39,286 anopheline
adults belonging to eighteen species, and 52,949 larva of only fifteen species were

(33 )
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collected. Of these, the number of adults and larve of A. barbiresiris, A. karwari,
A, philippinensis and A, splendidus were as follows:—

Serial Name of species. Number of Number of
number. adults. larve.
1. A. barbirostris 82 M1
2, A. karwari 2 0
3. A. philippinensis i4 o
4, A. splendidus a5 1,320

Iyengar (1926) examined extensive seepages under the bund of Sankey’s
tank in Malleswaram area, Bangalore City and reported A. barbirostris, A. karwan,
and A. splendidus along with six other species of anophelines. Sweet and Rao (1934}
added A. philippinensis and six other species to the anopheline fauna of Bangalore
City, though they did not cncounter A. karwari and A. {essellatus, which were
recorded by Iyengar {1926). A barbirostris, A, philippinensis and A. splendidus were
reported from Nagenahalli, Hiriyur and Mudigere areas, and 4. kerweri from
Mudigere area only by Sweet {1933). Rao ¢ al. (1952) recorded all these four
species from Shimoga and Hassan districis.

A. barbirostris.~——The adult specimens of this species were collected throughout
the year excepting April and May. The larve were collected in all the months
of the vear from pools, channels, paddy fields and tanks.

A. karwari—No larve of this species were recorded, but only two adult
specimens were collected as late as the second fortnight of October 1954 from two
villages lying close to the Bangalore-Mysore railway line.

A. philippinensis.—No larve of this species have yet been collected though,
the adult specimens were taken from three villages situated near unbreached tanks
during the. months of February, April, May, July and November.

A. splendidus.—Larve of this species were found to be breeding in paddy
fields, pools, and channels during the twelve months of the year. Except in june,
in the other eleven months of the year, adult specimens were collected.

SUMMARY,

By adding A. barbirestris, A, karwari, A. philippinensis and 4. splendidus to
recorded list of anophelines from Visweswariyya Canal area, the list is brought
up to date.
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CULICINE MOSQUITOES OF NEPAL WITH NOTES ON
THEIR TAXONOMY (DIPTERA: CULICIDA).
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AND
CORNELIUS DEWAR.
{Lately of HWeorld Health Organization, Malaria Conirol Project, Nepal.)
[January M, 1936,

INTRODUCTION.

No records have been published previously of the megarhine and culicine
mosquitoes of Nepal. Raghavan {1g53) mentions that ©“ Kathmandu and parts of
the main (Rapfi} valley have numerous breeding places favourable {or the vector
{of Bancreftian filariasis} C. fatigans®. Barraud {1934} quotes numerous records
of species occurring in the Himalayan region 1o the east and west of Nepal, many
of which may be discovered ultimately in this country.

Most of the material on which this paper is based was collected in the area
of the Rapti River valley at an altitude of about 2,000 {eet during the course of an
entomological survey made by the stafl’ of the World Health Organization—
United States Operations Mission to Nepal--Nepal Government Malaria Control
Project. A general account of this jungle foothills arca, together with a sketch-
map, are given in an carlier paper {Peters #f al., 1955) which recorded data on the
anopheline fauna. Most of the specimens remrded here were collected in the
vicinity of Hetaura (approximately 27°20 "N., 8572" E.). A few were collected
ncar Bhimphedit which is situated at the source of the Rapti River about 14 miles
north-east of Hetaura, Two species were collected in Kathmandu itsel, Al
the collections were made iv the dry scason of 1954-1955, those in Hetaura between
January and May. Tree-hole breeding species were obtained by adding water
to the dry rcsidue in tree-holes and removing the larvie when they reached the 4th
instar. In the dry season, water is scarce in this area and is more or less localized
to residual pools in the river beds, and small swamps and secpage pools in the

D437
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jungle. These situations come to form foci of survival tor numerous mosquito
species so that collections in such sites, especially in the shelter of the jungle, yield,
as it were, a concentrated sample of most of the locally occurring species,
vspecially, of course, ground-pool breeders,

LIST OF SPECIES,

The [ollowing 23 species were collected i—
MEGARHININL

Megarhinus splendens Wiedemann, 1819,

CULICING

Uranotenia campestns Leicester, 1908,

17, gnnandalei Barraud, 1926.

Fdes {Finlaya) albolaterafis Theobald, 1go8.
A. (Christophersiomyia) annulirestris Theobald, 1gos.
A. {Stegomyia) w-aldus Theobald, 1gos.

A (Stegemyia) albopictus Skuse, 1894.
Heizmannin indica Theobald, 1gos.

Culex {Lutzie) vorax Tdwards, 1927,

2. { Mochthogenes) castrensis var. folinlus Brug, 1932.
(. (Mochtlagenes) malayt Liecesier, 1608,

€. {Lophoceraomyia} plantaginis Barraund, 1924.
(.. {Lophoceraomyia) infantulus Tidwards, 1922,
(. (Culiciomyia) patlidethorax Theobald, 1905.
C. {Culex} biteniorhynchus Giles, 1901,

€. {Culex) vishnui Theobald, rgot {sensu lata).
C. {Culex) whitei Barraud, 1929,

€. (Culex) barraudi Edwards, 1922.

C. {Culex} gelidus Theobald, rgor.

. {Culex) mimeticus Nod, 189q.

C. {Culex) numulus Edwards, 1915.

C. {Culex) fatigans Wiedemann, 1828,

¢\ (Culex) fuscocephalus Theobald, 1907,

FIELD NOTES.

Al collections were made in the vicinity of Hetaura urdess otherwise stated.

Megarhinus  splendens,  Jides  albolateralis, A. annulirestnis, A, w-albus,
A, albepictus.—These species were all reared from eggs contained in the dried
residue in holes in mango trees, These cggs had survived at least seven months
since the lust rainy season and hatched within a day or two of the addition of
water. M. splendens and A. albolateralis were together in one hole while the other
three species were found in mixed batches from two other holes.  [ranotzmia cam-
pestris and annandeler imagines were captured at rest near two small shallow jungle
seepage pools surrounded by trec roois in one case and large stones in the other,
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Larva: and pupa of campestris and 2 pupa probubly ol annundelei were found in
these pools. A single female of Heizmannia indica was found under a rock by
one of the same jungle pools.

Larve of . wvorax, C. plantaginis {probably), €. infantulus, C. pallidothorax,
C. wiuted, C. barraudi, C. mimulus and C. fatigans were also found in various shaded
jungle pools.  In addition, imagines of C. casterensis var. foliatus, C. planiaginis and
C. infantulus were found at rest near these pools.  One pupa was found on dissection
and mounting to contain an uncmerged male imago of €. malayr.

(., mimeticns, C. biteniorhynchus, C. wishnut (sensu latay and . fatigans were
collected [rom residual pools in the main river beds, the first two from as far north
as Bhimphedi (3,800 feet). C. biteniorhynchuy was alsa commeon in backwaters
of the Bagmati River in Kathmandu where there was an abundance of green
filamentous alge. (. faligans was also very common in Kathmandu where it was
a serious domestic pest. [t was found in vast numbers in exposed ground pools,
drainage pits and domestic grease traps.

C. fuscocephaluy tarve logether with those of . bitemorhynchus were found
in irvigation ditches and patches of swampy ground containing shallow pools.
C. mimeticus was occasionally found in these situations but was commonest towards
Bhimphedi where C. mimulus was never found.  Adulis of O vishnut {sensu lata),
C. gelidus, C. biteniorhynchus and C. fatigans were found in native dwellings and
cattlesheds and in the tents of the team’s compound. The iwo latter species were
common house visitors in Kathmandu.

TAXONOMIC NOTES.
By W. Purens).
A ICHRISTOPHERSIOMETA) INNULIROSTRIS.

Larca.~—The larva of this species was nov described by Barrand although
he stated that it was similar to that of 4, (C.) themaeni which is figured in his book.
Tt is distinguished from the lailer species by the lighier colour, the single lateral
saddle hair and the longer pecien spines. The following descriptions of larvee
employ the terminology of Belkin (1950), the old terminology following in brackets.

Length: About 6 mm. Colour: Body whidsh, head and siphon pale brown,
very Hghtly chitinised.  Head: About as long as broad; antennaz a little less than
the length of the bead with minute spicules from hase to near apex; seta 1 (tuft)
of two to three branches just before halfway, the longest branch reaching the apex
of the antenna; seta 1 of head capsule {clypeal spine) bristle-like; sete 7, 6 and 5
[A, B and (1) with 6-8, 2 and about g plumose branches, respectively, situated as
in themseni, 7 and 5 short and slendcr, 6 long and strong; 8 and g (d and ¢) short
with 1 very plumose and 3 slender branches respectively; mentum as in thomsoni
with 17 teeth on each side of a Jarger central tooth.  Thorax: Metathoracic pleural
hairs (g-12 of Belkin} similar to those of thomsoni. Abdomen: Comb with a single
row of about 14 strongly pointed teeth fringed at the base; siphon with index of
abont 2} in crushed specimens, widest in the middle; acus absent; pecten (Fig. 1a-d)
of ¥-10 small spines each with one long dorsal, one smaller ventral and one or more
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minute hasal denticles, all teeth approximately the same size; seta 1 (tuft) of 4-7
simple branches at the middle of the siphon, its base some distance beyond the most
distal peclen spine; anal segment with the saddle incomplete ventrally, smooth
dorsally; seta 2 {upper caudal seta, uss) with 1 long and 1 shorter simple branch;
seta g (lower caudal seta le5) single, simple and longer than 2; seta 1 (lateral seta i)
single, simple or slightly frayed, a little longer than the saddle; “ gills ” broadly
spatulate, about three times as long as the saddle, the ventral pair slightly shorter
than the dorsal; sete 4 (ventral brush) with about 8 short hair tufts, the proximal
23 and the distal g-branched; barred area absent,

Pupa.—The pupa resembles thosc of the subgenus Stegomyia but has 2 long
single or double hairs on the cephalothorax and a paddle quite rounded at the
apex, slightly spiculate and with a single (occasionally double) long terminal seta.
The descriptions of pupx in this paper follow the nomenclature of Knight and
Chamberlain (1948} as modified by Belkin (1952; 1954).

Cephalothorax: Trumpets (Fig. 1f) short and broad resembling those of
Stegomyia, shightly darker than the gencral integument; no conspicuous pigment
pattern; seia 1 long and single or with 2 strong branches from the base; 2, 9, 5
and 6 short with 3, 1 forked, 1 and 1 slender branches, respectively; 4 fairly Jong,
single; 7 very long, single, simple; 8 and g moderately long, slender, double from
the base; 10 minute with 3-4 delicate branches; 11 moderately long, single; 12
short with 5 or 6 branches from the middle. Abdomen: Segment I—1 plumose
tuft hair with about 8 main branches; 2 short, single; 3 and 6 long, simple, single;
5 and 4 very smali, single and g-branched, respectively; 4 very small, single; 10
moderately long, double from the base. Segment II-—1 short, finely dendriuc;
2 short, single but longer than on I, base lateral to 1; 3 and 6 moderately long,
simple, single, 6 longer than 3; 5 and 4 very small, single and double respectively;
7 a single microseta placed laterally; 10 short, single or double from the base,
Segments TTT-VIII—o a microseta on T1I-VIIL; 1 short, slender, 3 branches on
11T, single or double on IV-VII; 2 a microseta medial to 1 on III-VII; 3 very
short, double, base posterior to 4 on 11, medialto 4 on IV, lateral to 4 on 'V, single,
medial 10 5 on VI and VII; 5 moderately long, single, simple on I1J and IV,
very long on V and VI, rather short and slender on VII and VIII, may be double
on TV; 4 small, single on I and IV, doubie on V, slightly longer and 3-6 branched
on VI and VIT; 6 smaller than on IT, single, slender on II-VI, double and slightly
plumose on VII; 7 a laterally placed single microseta on [¥I-VI, very short,
spinosc, its base ventral and well anterior to 6 on VI, strong and plumose with
4 branches on VII; 8 very small, 2-4 branched on IIT and IV, single, longer on
V-VIT; 1o very short, forked on IIT and IV, single, longer on V.-VIT; 12 short,
single on IV-VII, slightly longer on VI; 11 minute, single on II-VII; 14 a micro-
seta on TTI-VIIL.  Segment IX—Paddles with strong central spine, laterally with
sightly spiculate buttress 1o 3/5, ending evenly rounded and slightly spiculate;
scta 1 {terminal seta) single, sirong, simple, a little more than 1/2 the length of the
paddic and sometimes with a second delicate branch from the base.

A, {CHRISTOPHERSIOMYIAY THOMSONIL

Pupa.--This specics was not found in Nepal but as it is very similar o the
preceding species and the pupa has not been described, a note has been introduced
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here for comparison. It is based on the examination of a specimen in the B.M.
collection.

The entire pupa of thomsent is darker, especially the respiratory trumpets
which are relatively longer and narrower than those of annulirestris (Fig. 7). On
the cephalothorax, seta 1 is very long and double or treble. Seta 8 is well
developed but rather short with 5 or 6 branches arising from the base.  On the
abdomen, seta 1 on segment IV has 4 well developed branches in thomsoni but is
single or double in annulivestris.

URANOT.ENES CIMPESTRIS,

Larva.—The larva of this species was originally described and figured by
Sentor White (1g927). Specimens from Hetaura differ from his description as
tollows :—

Head: Seta 7(A) with 4 slender hranches, 6 and 5 (8 and €} stoui bristles
with finely barbed edges, 4(d) with 2 sbort, very slender branches, 8{e) fairly long,
single and slender.  The base of 6 lies a little posterior to the line joining the bases
of 7. Adbdomen: Comb plate present (not shown in Senior-White’s figure) and
hearing 8 tecth fringed at the sides and terminating in a single sharp point. Pecten
of g scale-like ovaie teeth fringed all round; seta 1 of siphon {lateral tult) of 12-14
simple branches; seta 1 of anal segment (Is) with 5 branches; edge of saddle with
a fringe of well developed spines; anal papille twice as long as the saddle.

This larva is very similar to ihat of U. macfarlanei Edw. 1914. Specimens of
the latter species in the B.M. from Singapore and Java differ from campestris in
having a pecten of about 14 teeth which are smaller than those of campestris.

Pupia.—The following description is based on the examination of 3 pupal
pelts with, associated adults from a jungle pool near Hetaura.

Colour : Pale with a distinetive pastern of dark pigmentation.  Cephalothorax:
Trumpets (Fig. 2¢) about 4 times as long as broad in flattened specimens, basal
2/5 darker, meatus deep and extending as a slit for half the length of the rompet;
set -4 and 7-12 with short slender branches arising from a short stem, 6-8, 5-6,
3, 7-8, 4-5, 7, 3, 6-8, 6-8 and 6-8 branches, respectively; 5 with g moderately long
slender branches; 6 fairly long and single.  dbdomen: Scgment T—1 plumose with
about 10 main branches; 2 short and single; 3 with 3 short branches arising from
a short stem as do most of the branched abdominal setz; 5 and 4 very short and
dendritic; 6 with 2 fairly Jong branches; 7 minute, single; 10 with 5 short branches.
Segment TI-—o a microseta; 1-4 with 8-9, 3-4, 3 and 1 moderately long branches,
respectively, the base of 4 lateral and just anterior to that of 3; 3 with 3 short slender
branches; 6 with 2 fairly long slender branches; 7 a microseta; 50 with 4 very
slender moderately long branches. Segments ITI-VIII-—0 a microseta placed rather
laterally on I1I-VIIT; 1 with g fairly long branches on III and IV, 6 on V, 5 on
VI and 4 on VII; 3 with 6 short slender branches on HI, its base antero-lateral to 1,
medial to 4 on IV, single or double and more medial on V, more posterior with
its hase between 1 and 5 on VI, displaced postern-faterally and with 5 short slender
branches on VTI; 4 short and forked on Ii1, dendritic on TV, with 5 branches on
V and VI, longer on VIT and VIII; 5 with g moderately long branches their base
medial 1o the hairless setal ring on TI, Jonger and posterior on IV-VII; & with
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4 short stender branches on T11, 5 on IV, 2 longer branches on V), § on VI and
VII; 7 a microscta, dorsal on 11T-V], longer and more posterior on VII with
23 s'ender branches and with 4 moderately long slender branches on VIII; 8
very short and dendritic on TII-VY, longer with 4 branches on VII; 10 with 3 very
short branches on I11, longer with its base more lateral on TV, longer on V,
with 2 modcrately long branches on VI and VII; 12 with 2 very slender moderately
long branches on III-VII, longer on VI and VII; 1y very short, single, its base
medial to 12 on TII-V, lateral to 12 on VI, posterior to 12 on VII; 14 a microseta
present on FILVIIE. Segment X-—scta o very short, single. Segment X
Paddles (Fig. 28) with a shighe lateral butiress on the proximal 14 serrated on
lateral and medial edges; terminal scta 1 minute.

P UHRANOTANLY ANNANDALEL

Pupa. - The tollowing deseription is based on the examination of a single
pupal pelt with i3 associated imago both of which are mounted on a slide. As
the imago is a female, it i3 not identifiable with cerlainty but since only this and
the preceding species, U, campesiris were located in this area and the pupa of the
Jatter is known and distinct 3t js likely that the example here deseribed is that of
annandalel. -

Colaur: Pale yellow with a distinctive pattern of brown pigment.  Cephalo-
thorax : Trumpets (Fig. 2d) rather cylindrical with a small meatus, about 5 times as
lnng as broad in flattened specimen; seta: 1, 2, 4, 5, 7, 8 and g with 56, 4, 3, 6,
3, 5 and 3 sleader short branches, respectively; 3 not identifiable with certainty;
6 fairly long, single; 10 with 2 branches, 11 single, hoth short and subplumose;
12 with 2 slightly longer subplumose branches. dbdomen: Segment I— 1 a
plumose tuft with about 16 main branches; 2 short, single; 3 single moderately
dendritic; 5 and 4 very short with 2-3 branches; 6 moderately long, slender and
inrked; 7 minute, forked; ro moderately long, slender, branched from base.
Segment II—1 submedial, dendritic; 2 moderately dendritic; 3 with 6 very short
slender branches; 5 single, medial to 4; 4 with 4 minute branches; 6 long, single,
slender; 7 minute, gingle; 10 with 2-3 moderately long slender branches. Segments
ITI-VIII—0 a microseta on III-VITT, more medial on VIIT; 1 short on III-VII
with 4, 4, 3, 3 and © branches, respectively; 2 minute and single, its base antero-
medial to 1 on IV and just anterior to 1 on VI and VII; 3 moderately long,
dendritic, its base medial to 5 on ITI, similar but its base lateral to 5 on IV, with
2-3 branches and #ts base medial to 5 on V, in the same site but single on V1 and
VII; 5 with 3 short branches on I1I, 4 long branches on IV and V, with 3 long
hranches on VI, single and moderately long on VIT; 4 with 3 short branches on
Il and 1V, 2-3 moderately long branches on V, single on VI and VII; 6 short
and slender on 111 and 1V, double on V and VI, very short, single and posterior
sn VII; 7 a microseta on IIT-VII, with 5 short slender branches on VIII; 8 with
3 very short branches on ITI and 1V, 2 on V and VI, 3 on VII; ro short and
sdngle on 111, fonger on IV-VIL; 12 moderately long with 2 branches on I1I, single
on IV and V, longer on VI and VIJI; 11 minute, single, medial to 12 on IIE-V,
tateral to 12 on VI, anterodateral to r2 on VII; 14 a microseta on III-VIII,
more lateral on VIIT. Segment X--seta o short and single, surface of segment
slightly spiculate.  Segment IX--Paddles (Fig. 2¢) with lateral edge serrated on
distal 1/g, medial edge from the base; terminal seta 1 single, minute,
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? CULEX {LOPHOCERAOMYIA) PLANTAGINIS

Larca—The following description is based on the examination ol 5 unasso-
ciated Tarval pelt and 2 whole Jarve in slide mounts.  The larva are assumed to be
those of plentaginis as this and C. fufantuins are the only members of the subgenus
represented otherwise in this collection, the larva and pupa of the latter being
known and also represented in the collection, Mattingly (1949) stated that the
larva of plantaginis had not been described until that date.  The specimens examined
here differ from all other species represented in the B.M. collection and cannot be
fitted into Mattingly’s key to the subgenus. Tt is rather similar to the larva of
(. tuberis as described by Bohart and Ingram (1946), infaniulus and minutissimus
hut may be differentiated by the number of branches in head scta 5(C) and the
single minute branch of the anal segment seta 2 (ucs) combined with a long siphon.

Head: Rather broad, pale; seta 1 {clypeal spine) (Fig. 2¢} short and rather
stout, dark; antenna infuscated at the exireme base and beyond the tuft (seta 1
ol Belkin}, markedly spiculate up to the tult and slightly on the lateral surface
heyond this; tuft at 3/5 of about 20 branches; sete 2 and g (subapical spines) Jong,
cqual to 172 the length of the antenna, equal, reaching 1o the end of the longese
apical spine (seta 4 of Belkin), their bascs some distance proximal to the apex;
sete 7, 6 and 5 {4, B and C) with 6-8, 2-3 and 3-5 branches respectively; 4{d) tiny,
single, 8{¢) minutc with 2-6 branches, 9{f) minute with 2-6 branches; 5 placed
posteriorly and slighily medial to 6, 4 slightly anterior and well medial to 6;
mentum  (Fig. 2f) with 7 unequal teeth cach side of a larger central tooth,
Abdomen: Segment VIII-sete 1, g and 5 (4, B and ¢} with 3-5, 6-10 and 4-6
hranches respectively; comb a patch of 35-45 equal sized scales; siphon pale,
tapering on the proximal hall then parallel-sided and straight or with a slight curve
caudalwards on the distal 1/3, index g-10 in flattened specimens; pecten of about
16 spines extending to 1/3 the length ol the siphon; basal spines distinctly smaller
and closer together than the distal, the basal with 3 or 4 and the distal with 7 or 8
denticles extending along the whole ventral edge; 1 pair of subdorsal and lateral
and about 8 unpaired subventral tufts, the proximal placed well beyond the distal
end of the pecten and 1l times the diameter of the siphon at its middle, the
distal about the same as the diameter; anal segment with complete minutely
spiculated saddle bearing a lateral seta (1 of Belkin) of 2 small branches 1/3 its
length; seta 2 (ucs) with a single very short slender branch; seta g (ls) single, both
seta: about 7 times as long as the saddle; ventral brush (4 of Belkin) with 7-8 pairs
of well developed wufts; “ gills ” parrow and lanceolate, 11-2 times the saddle
tength,

_In Mattingly’s key, couplet 3 may be altcred as follows to include this
speeies i—

“ 3. Head scta * G with 5-8 branches, siphonal index less than 7 ... 4
This seta with 3-5 branches, upper caudal scta with a
single minute branch, siphonal index g-t0 ... . plantaginis

This seta with at most 3 branches, usually single or double
{if 3 branches then upper caudal seta with several branches
or siphonal index less than ¢) 657
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¢ (LOPHOCERAOMYLA) INFANTULUS.

Larsa.—The larve from Nepal lack the dark central ring on the siphen
which is present in some specimens seen in the B.M. collection from Hong Kong
and elsewhere.

. MOGHTHOGENES ) CASTRENSIS VAR, FOLIATLUS.

Image.—~This species is represented in the collection by a single male the
genitalia of which conform to Barraud’s description of Jackson’s specimens from
Hong Kong in the B.M. collection and (o the genitalia of Brug’s type. Tn exicrnal
appearance, this subspecies is identical with the type form which occurs in North
Kanara {India) and Ceylon. As Brug’s figure of the genitalia (1932) is inaccurate,
a new figure is given here (Fig. 2g).

€. {CULEXY BARRAUDI.

Jmago.--Parraud’s Wustradon of the phallosome plate of €. darraudi 15 mis-
leading. The subexternal process {Baisas, 1938) is well developed and hook-like
and ariscs from the origin of the basal process. The extersal process is a delicate
recurved hook arising from a delicate membranous fold which iself arises from
the proximal portion of the basal process (Fig. 24).  (The scnior author is indebted
to Mr. Donald Colless for pointing out this feature to him). The specimen here
Hlustrated is from Mahdopur, India, and has 5 scoop-like median processes. The
Nepal example has only 4.

L34

Lara.--A distinctive feature of the Jarva is the * stirrup-shaped piece ” of
the siphon (Brefand, 1952; Peters 1955) (Fig. 2i.) which is very dark in colour
and has a prolongation of the ventral cornu proximally directed.

€ (CULEX) WHITEL

Larva.-—The larva of C, whitei has not been fully described.  Barraud states
that it resembles C. barraudi, triteniorhynchus and vishnui, differing from the last in
the more numercus comb teeth. It is easily differentiated from all these by the
shape of the siphon and in addition, from barraudi by the * stirrap-shaped piece
of the latter and from {rieniorhyncius by the short multi-branched lateral saddle
seta of the latter. The following description is bascd on the examination of a
tarval and pupal pelt with associated female tmago from Nepal and the identical
farval pelt in the B.M. collection associated with a male imago. In both larval
pelis, several head setx are missing.  Colowr: Head and sipbon pale.  Head: Clypeal
spines (setee 1 of Belkin) fairly long, tapering; 7 (4) has 7 branches, 6 and 5 (8
and C) are missing, 4(d) is a long slendecr seta whose basc is antero-rnedial to 53
8 and g {¢ and f)} have 6~7 and 4 short delicate branches, respectively; antennz
infuscated at extreme base and beyond tufl, coarsely spiculated to the tuft and just
beyond, rather broad proximal to the tuft which is placed about 2fg3 the way
along the shaft and bas about 25 branches; sete 2 and g (subapical spines) based
well proximally to the apex, long and equal extending to the end of the long apical
seta; meptum (Fig. 3a) with 7 tecth cach side of a larger central tooth,
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Abdopmen : Segmeni V1IE—comb a patch of about 4o scales (Fig. 34) with fringe
hairs few but long, the terminal ones longest and approaching the wshnui type;
sctze 1, 3 and 5 (4, Band C)with 5, 6and 5 stout branches, respeciively, siphon with
index about 7 in crushed specimens (Iig. 36) tapering very gradually for the proximal
/5 then very rapidly on the ventral side; pectenof xo spines (Fig. 3¢) with about 6
ventral denticles on the larger distal spines, extending to 1/4 the length of the
siphon; 8 pairs of 2-branched subventral tufts starting beyond the pecten, their
tengrh half that of the diameter of the siphon at its middle, 1 pair of subdorsal
adts; saddle complete, minutely spiculated, especiallytowards the base of the long
candal setz; seta 2 (ues) with 1 long and 1 very short branch, g (les) single, 1 {Is)
single and as long as the saddle; setz 4 (ventral brush) with 6 pairs of well
developed tufts; “ gills ” long, narrow and lanceolate, twice as long as the saddle.

Pupa.—Colour: AUl pale. Cephalothorax: Trumpets {Fig. 3¢) about 4 times
as long as broad in flattened specimen, meatus broad, about 1/4 as long as the
ryumpet; sete without conspicuous features, 1, 2, 5 and 7 moderately long with
4, 2, § and 2 slender branches; 4 and 6 very short, double and single, respectively;
3 and 8 short, single or double and single, respectively; g-12 a little longer, with
2, 4, 2 and 1 branch, respectively. Adbdomen: Segment I—; a dendritic plume
hair with 7 or 8 main branches; 2, 4, 5 and 7 tiny with 1, 5, 4 and 2 branches,
respectively; 3 and 6 moderately long, single and double; 10 short, single.  Seg-
ment IT-—0 a microseta; 1 very short, dendritic; 3 moderately long, double; 2
riny, single, its base antero-Jateral to 33 5 moderately long, treble; 4 with g short
delicate branches, its basc postero-lateral to 5; 6 long, single or with a tiny branch;
7 a microseta; 10 domsally placed, long and single. Segments IIL—VIli-o a
microscta on ITI-VIIT; 1 with 5 moderately Iong branches on ITT, 3 on IV - VII;
2 minute, single, medial o 1 on II-VII; 3 moderately long, double, its base
beiween 1 and 5 on ITI, with 3 branches and placed more anteriorly on IV and V,
single or double on VI, single and longer on VII; 5 single, short and slender on I11,
longer and treble on IV, missing on V, longer and double on VI, long and single
on VIT; 4 with § short branches on 11T, single on IV, missing on V, slightly longer,
double on VI, moderately long, single on VII and VIII; 6 moderately long, single
on JII-V, double on VI, short, single on VII; 7 laterally placed microseta on
1TI-VI, with 3 and 6 moderately long branches on VII and VIII; 8 short, single
on T1T and IV, double on V and VI, longer with 2-4 branches on VII; 1o with 4
very short branches on III and IV, slightly longer on V, long, single on VI and
V11, its base more posterior on the last; 12 with 2 short branches on II and IV,
longer and single on V and VI, with 2 moderately long slender branches on V11,
11 minute double, its base medial to 12 on ITJ, single on TV and V, its base lateral
to 12 on VY, longer and double on VII; 14 a microseta on ITI-VIIL. Segment X—
seta o single, minute. Segement TX-—Paddles smoothly ronnded with slightly
spiculated buttress on the proximal 2/3 of the lateral margins; setx 1 and 2 {terminal
sete) very short and equal in length.

SUMMARY.

This 15 the first detailed record of Nepalese Culicint. The Anophelint have
heen recorded in another paper by the authors (Peters ef al,, 1955).
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Twenty-thsee species are recorded here. New descriptions of various stages
nf the following species are described :—

A (Christoplerstomyia) annudirastris .. Larva and pupa
{7. campestris Larva and pupa
M i annandalet Pupa
2L ( Lophoceraomyia) plantaginms ... Liuva
(. (Culex) whilel Larva and pupa

A note on the pupa of A, (Christephersiomyiay themsomt and the larva of
C. {Lophaceraomyia) infantulus, notes and new figures of C. (Mochthogenes) castrensis
var. foltaius and €. (Culex) barraudi are also given,
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ADDENDUM

Voliowing the submission of the first pare of this paper for publication,
additional material was collected by one of the authors (S.C.D.).  This collection,
made during the early part of the monscon rains in June and July, 1955, includes
six species not listed above, bringing the number of species recorded from Nepal
to 29. The material consists of the following additional spectes:—

Orthopodsmyia anopheloides Giles, 1903.

Mansonia { Mansonioides) uniformis {Theobald}, 1901,
Edes {Finlgya) assamensts (Theobald), 1908,

Aides (Stegomyia) vittatus {Bigot), 1861.

Armigeres (Armigeres) kuchingensis Edwards, 1915,
Culex {Neoculex) brevipalpis (Giles), 1902.

Toxorkynchites splendens.—a2 33 and 2 99 with associated larval and pupal
pelts were reared from tree holes in mango and rain water in old kerosene ting
{Hetaura and vicinity, June 1g55). No other species were found with them,
presumably having been devoured.

Orthopodomyia anepheloides.—One early instar larval pelt of this species recovered
from a trec in June or July (at Chisapani, a small collection of huts in the jungle,
four miles East of Hetaura) together with Culex (Neoculex) brevipalpis was submitted
to Mr. P, F. Mattingly who commented on it as follows {personal communication) ;-

* On the position of the siphonal tufts this would run down to O. andamanensis in
the key given by Knight and Mattingly (1950) although on distributional grounds
it is more likely to be Q. anopheloides. Q. andamanensis was recorded by Barraud
{1934) from the Darjeeling District but it has not been possible to confirm this
record from specimens 7

Mansonia (Mansonioides) unifermis.—4 9% were collected from a house at
Nayagoo (or Kamira, about cight miles East of Hetaura on the Karra River).
No collections of water with floating Pistia suitable for their breeding could be found
within the vicinity of the village.
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Fdes  Finbygeay assamensis-—A  single P was  collected from a house at
Nayagoo. This species is difficult to separate with certainty in the female from
A, feegradei Barraud {1934), the main difference being the absence of a median
line of white scales on the head in the latter species.  The specimen in this collec-
tion. is somowhat rubbed and moulded but does appear to correspond to the
specimens of assamensis in the British Muscum collection, . feegraded is reported
so far only from Burma whercas assamensi is common in Assam and East Bengal,

Fdes (Stegomyia) vitlatns.~—2 33 and 3 ¢ with associated larval and pupal
pelts were reared from water in a wooden tray in the main bazaar of Pokhara
{one mile Rast of Hetaura, June or July).

Armigeres (Armigeres) kuchingensis.—This species is difficult to distinguish in the
fenmale Trom A. abturbans (Walker), 1860. Two females were taken, one biting the
collector and another hovering over him in a tent during the day at Hetaura
{ fune or July) and a third fomale was found resting in a house at Nayagoo. All
three specimens were somewhat damaged in transit, but in all the abdominal
sternites appear lighter than is usual in obturbans, one resembling the type form
and two the var, durfami as defined by Barravd (1934) of A. kuchingensis.

Culex ( Neovulex) brevipalpis.—T'wo larval pelts from specimens found in a tree
hole {species unknown) together with an Orthopedomyia pelt at Chisapani are clearly
of this species which has a very long distinctive siphon and is common all over
the arca.

REFERENCI.

Ko, K. Lod Mavoscey, P, F 0950 L The orthopndamyia anepheloides sub group of
mosquitors  (Dipiera: Culicida} Proc, Ent.
Soc., {1Wushington), 52, pp. §-20






Indian Journal of Malariology, 10, 1, Meack 1856,

HISTORY OF THE CONCEPT OF © RELATIVE IMMUNITY »
OR “ PREMUNITION ” CORRELATED TO LATENT
INFECTION*,
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AND
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{ Ocwober, 7, 1955, ]
SUMMARY.

L, INFEQYTION AND INFECTTOUS DISEASE,
{i. LATENT INFECTION,
T, IMMEDIATELY LATENT INIFECTION.
V. ANTI-INFECTIOUS IMMUNITY—STERILIZING OR NON-STERILIZING.
VOSYNONYMS OF NON-STERILIZING RELATIVE IMMUNITY.
VI PREMUNITION.
VI VACCINATION AGAINST DISEASES WLTTI PREMUNITION.

I. INFECTION AND INFECTIOUS DISEASE

It is necessary to define with precision the expressions * infection ” and
“ infectious disease , which are often employed one for the other.

Before the era of Pasteur, the word infection meant “ corruption produced
in a body by substances or deleterious miasms which are introduced into it”
{Littre, 1863-1872). After Pasicur’s discovery of the existence of a new influence
of Nature, the influence of microhes, the word infection has assumed a more
precise meaning. The infection, in the passive sense, corresponds to a state of
an organism invaded by a microbet; in the active sense it means the act of
contamination?, The occupation by the microbe can be either harmful or indifferent
or even useful. We shall revert later to this distinction.

*Thanks are due w Mr. K Gopal_ai::;isl-;nan, MEMt Dirmtor»Gcnerﬂ, Posts and Telegraphs, Delhi,
for translating the original paper writien in French inte English.—Bdifor.

1+The invasion of the organism by a non-microbial parasite is an infestation.

1A priraary infection is the state of an organism invaded for the first time by a microbe.
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The infection can thus be defined : the life in common, disturbed or peaceful,
of @ microbe and of another living being®.

In this association the microbe is a parasite: It draws jis nowrishment from
is host.  Depending on its own virulence and the resistance of the host——qualities
which vary according to the respective species to which the one or the other
partner belongs—the disease manifestatons are limited. As stated by J. Bordet
1927}, " Fhe virdence of the microbe is its immunity zis ¢ vir of the organism,
the immunity of the organism Is the virulence of the microbe, There are some
microbes which suddenly, at the first contact with their host, hehave as mortal
cnemies: to kill or to be kilted. They are called pathogenic microbes. On the
contrary there are * good * microbes which living at little cost, not only do not
srouble the orgapic economy but serve the host: a live vaccine like the B.O.G,
fiving germs like the lactose ferment, yeasts, arc useful by reason of the immunity
which they proveke against the pathogenic erganisms, The yeasts of wine and
drosophile render 10 each other mutual services,

Onu the other hand when a pathogenic microbe has succeeded in implanting
itselt in a susceptible organism, it proliferates and invades the Gssues most oflen
anly with delayt. For some time the host does not suffer, its presence remains
unsuspected, © Tatent . This period of the commencement, when the infection
tmcubates, is called for this reason the lncubation period. It is “ the time which
tapses between the entry of the virus and the appearance of the symptoms”
[Pustenr, 45, p. 574). Tt can thus also be called latent period prior to the disease.

But it may happen that the state of equilibrinm is broken. The microbe
maltiphies rapidly and disturbs the function of the host.  The host reacts:
inflammation, pain and fever. The conflict becomes patent; the crisis which
explodes, manifests itself by two concomitant phenomena; parasitic attack and
chnieal attack,  Infection rages in infectious disease,

For the purpose, we think it would be desirable that in the medical
dictionaries, 1the definition of the word * infection * and that of ‘ infecticus disease”
should be fairly differentiated.  Garnier and Delamare {1945} give the following
definition of the term ‘infection ’: ** Invasion of the organism by a pathogenic
germ . Dorland {1938} on ihe other hand defines ‘infection’: “ Tnvasion of
the tissues of the body by pathogenic organisms in such a way that injury followed
by reactive phenomena resulis 7. We think that a wider meaning must be given
1o the word ‘imfection’ by suppressing from its definition the adjective
" pathogenic 7, since there are some infections which do not make the bost suffer
and. that in certain cases the microbe renders seyvice to its host.  We will say,
therciore, the infection is the harbouring of a microbe by a host; the infectious
disease 1s the series of disturbances ol vital functions which reveal a confiict between
the host and an aggressive microbe,

*J1 iz not possiblie to give a scientific definition of microbes conforming to the taxonomic rules of Botany
- Zovlogy. N could be simply stated, by way of simple classification, in mspired conceptions of our Master
Hile Roux: ' A maicrobe §s a unicellular cing, so smral} that it can be scen separately at any period of
1= 1ife only with the aid of a microscope {optical or electronic} ”?,  According to this criterion, the microbes
corprise bactaria, spirochates, ricketisia, virus, protozoa, and zome inferior fungi,

_ 1The observation and experience indicate that most of the infections miscarry.  One can think that in
MNawre the number of geeds lost must be infinite.
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Yhe period of violent fight which marks the crisis of the infections discase is
serminated by the death or the survival of the host.  If the organism succumbs,
its death Jeads to that of the microbe unless it is one of the bacteria capable of
forming spores which can survive long in an inert state in the external surroundings
‘the carbuncled bacteria and the ** champs maudits '),

If the host resists the crisig, its survival is accompanied by one or the other
o1 the following phenomena: the microbe is exterminated or clsc the host and the
rmicrobe both survive.

In the Brse case, the recovery from the chinical attack and the termination of
the parasitic attack are simultaneous. The rapidity of the decisive result has given
10 the diseases of this catcgory, the name of acute infectious diseases.

In the second case when the ouicome of the fight between the organism and
s parasitc remains indecisive, when both survive, it is stated that the disease
has become chronic,  After clinicl recovery, the infection becomes latent as during
the incubation. It runs the period which, for this reason, is called the latent
metacritique period,

We shall see later, after the infection establishes itsell without the explosion
e u clinical attack of first invasion, the host is saved from the stormy crisis which
marks the perilous moment of the infectious disease: the infection is latent from the
beginning.

11. LATENT INFECTION.

Two vatcgories of infectious diseases can thus be distinguished according to
the existence of a single period or two periods of latent infection in the evolution
of the disease.  The severe cyclical iseases have only a single latent period, the
mcubation or the pre-disease period; the chronic diseases have two latent periods,
the pre-disease {the primary latent infection of the Germansj and the post-discase
peviod {sekundare lalency).

The werm *latent ’ was introduced in the French language in the fourteenth
ceputry {Oresme) in the sense * hidden ', During the nineteenth century, in the
oredical dictionaries the word *Jatent ” is found to be used or employed to describe
viruses which do not manifes( their presence in the body by any sign (Nysten, 1858;
Thomas, 1877; Littre and Robin, 1878; Roth, 1878). Following the discovery of
Pasteur over six decades ago, the expression *latent microbe’ has been used
INiclly, 188q).

We are employing the word * latent ' in the classical sense, © hidden ” (Littre,
1464-1872). To say that an infection is latent, is meant simply that it is hidden
and docs not reveal its presence by any visible sign.  Latent infection can become
patent and canse parasttic relapse.  But other jnfections can remain indefinitely,
without ever emerging from its clandestine nature.  The notion of latency is in no
way connected with the idea of an eventual relapse.

We will see in the following chapter that the infection can be even latent
from the outset, establish itself from the time of infection and exist as such as
long as the host is not deparasitized,
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In biief, an infecdon is said to be latent when it is not manifested by any
perceptible sympiom or sign, when it does not fall directly under this sense. The
host s inhabited by harmless organisms which multiply themselves without any
manifestation in the host.

The opposite of latent infection is patent infection. Tt is also called manifest
infection.

Every infection, as we have scen, begins after contamination with a latent
shase, Trousseau (quoted by Bernheim, H., 1877) was alrcady saying towards
1850, with a foresight, “ Pathogenic germs can remain silent during a certain
neriod, they can thus hide themselves for some days, months, years, for favourable
conditions for their cvolution to manifest their presence ™.

Tn 1889, M. Nielly wrote, *° All the infectious diseases have a period of first
appearance prior to which is the period or the phase of latency, which is utilized by
the infectious germs to multiply themselves in the host: it is the incubation period,
the duration of which is variable following the nosologic species”’ (Nielly, 188g).

Tn normal conditions, a period of latent pre-disease phase presents for each
discase 2 mean valne which the cpidemiological studies have determined and on
which the sanitary regulations base their prophylactic measures. But the existence
of some important variations, for the same disease, must be emphasized.

Thus the incubation period of malaria, is two to three weeks in gencral,
bur can cxceed many months. Some colonials or North Africans are often scen
10 present their first attack of malaria in France, a long time after their departure
from the malarious country, In Holland, malaria which manifests itself in spring
has been, most often, acquired in the preceding autumn.

Incubation period of trypancsomiasis in dogs, infected in the laboratory,
is from eight to ten days. We have, however, seen it to last five, seven and eight
months.

The incubation of rabies varies in dogs between extreme figures of cight days
to wne vear.  Among certain animals, some observers affirm that it can last three
vears. On the contrary, the fixed virus, freshly made, inoculated into the brain
of a rabbit, evolves regularly with an incubation of five days. In vampire, the
fateney of virus is of very long duration. The usual long incabation period of
rabics in man (4o days on an average) permits the preventive Pastcurian treatment
after being bitten by rabied dog. The incubation of the North African bovine
Theileriosts, in the case of natural infection by a tick, is often less than a week.
Yollowing transfusion of blood during the acute attack, its incubation is regularly
17 days. But virus, after the acuie attack, can give rise to an incubation period of
several months (Sergent, Ed., ef al, 1945).

The pre-disease latency can also be as much the attribute of microbes of
severe diseases, as those of mirobes of chronic disease. As regards the acute
iliseases, for example, the Schick reaction shows that a large number of subjects
who have never suffered from diphtheria symptoms, possess immunity against this
diseage. The infection which has conferred this immunity to them, thus remains
hidden. Same is the case of Dick reaction which reveals that many persons have
been immunized against scarlet fever without giving rise to manifest symptoms,
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The latent post-disease period of chronic diseases, during which the microbes
muitiply themselves only in small numbers, hidden m different organs or circulating
in blood, is sometimes ol a very long duration. Ohservations show that parasites
of certain malarias, as well as anaplasma, subsist during the entire Jife of their hosts.
Same is the case with spirochmtes of rccurremt fevers. Those of the North
African-Spanish recurrent fevers, remained dormant for some years {in one case
three years) in the brain of experimentally inoculated guinea pigs {Sergent, Andre,
13843 19386:3042 and Sergent, Ed., 1945), J. Bordet writes, * Various microbes
have the property of maintaining themselves for a long time in small numbers in
an apparently cured person, without giving rise to marked disease, being quite
susceptible, at a given moment, to multiply in large number and thus to provoke
new symptoms at long intervals. It is latent parasitism (Bordet, 1927), The
evolution of the infectious diseases is often quite irregular. Sometimes relapses
manifest themselves after long latent periods; it is known for example that prognosis
of syphilis is vncertain and that in this disease the unforeseen can always happen,
Some hosts which are believed to be definitely purged of pathogenic organism,
sometimes retain them very long, hidden in obscure parts of the body, without any
symptom or sign to disclose their presence, but it often happens afterwards that they
flare up afresh. In monkeys, inoculated with syphilis, the spirochictes persist for
long in the bone marrow, cven when the cure appears complete ™ (Bordet, 1939).

Many synonyms for the expression * fatent infection * have been employed:
hidden infection (Itahan nascosta), occult {expression used particularly by Vallee,
1946), secret, clandestine, obscure, attenuated, sleeping, dormant, torpid, silent,
inapparent, abortive, mitigated, sub-clinical (English expression). By a curious
mixture of words, some authors say  insensible development of a disease ” {“ not
manifesting itsell’ and which is noiseless -—Iittre, 1863-1872) and others say
* dumb infection .

In reality, latent infection remains occult only where the investigatory and
diagnostic methods used are imperfect,

Claudes Bernard upholds that “ latent life "-cither of vegetable grains or
rotifers—was noi a feeble Jife or a reduced life, but an arresicd hie-—a Life in a state
of absolute chemical indifference {cited by Rostand, 1954).

It is a fact that during its entirc post-disease latent life, which is often equal
tp more than the half or the totality of the duration of the lifc of its host, the residing
microbe remains virulent. Tnoculated in new hosts, it infects them, just as the
normal strain does. On the other hand, the gravity of the acute attack has not,
often, any relationship with the length of the incubation.  Thus in rabies, in hovine
Theilerions, the attacks appearing after a long incubation are fatal, like attacks
coming after a short incubation.

The expression of latent infection must be applied only to microbes living
in intimacy with the host organism. Such is not the case with pathogenic microbes
which are often found on the integuments or on the mucous surfaces of old patients
or even of healthy persons. It is known that the staphylococeus is very widely
spread on the skin which subsists for long in the upper respiratory passages of
convalescents from diphtheria, pneumonia or influenza, along with the diphtheria
bacillus, pneumonococcus and the influenza virus. The same is the case even
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with the typhoid bacillus in the intestines or the gal-bladder of convalescents,
and the cholera vibrice in the intestines of old patients or of apparently healthy
persons.  In reality, the natural cavities in which these microbes live, constitute
a spbere external to the organism.  The latter only live in these situations. The
host cannot act on them through phagocytes or antibodies. There is no real
association between the organism and the microbe, hence ne infection, but only a
carrier state of germs “‘ external” to the host (Sergent, Fd., 1948).

The affirmation of the existence of a latent infection requires the cvidence
of the presence of microbes. Numerous techniques are employed to disclose them.
The improvement of the techmique progressively dimimishes the number of un-
known infections. Morbid signs or anatomical lesions which are subjective
symptoms, are olten revealed to us by some devices like auscultation, radioscopy,
ete.  The microbiological methods——microscopic finding of the germ, culture
methods*, inoculation to susceptible animals {isodiagnosis of Sergent, Et., 1920}
{Sergent, Ft.,, 1920; Sergent, Et. and Sergent Ed., 19214; 1921¢), artificial provoca-
tion of relapses (splenectomyt etc.), serological reactions—-can provide the final
proof of the origin and the nature of the disease (Sergent Ed. and Parrot, L.,

19354).
11, IMMEDIATELY LATENT INFECTION.

Whether it 18 a question of acutc infectious thisease or ol chrome infectous
discase, the clinical avack of the first invasion can be wanting; it happens, in
fact, that therc has been multiplication of microbe after its introduction in the host
without any visible reaction of the latter. Roger {1920) says, * the morbid
reaction is not fatal ”’. Pasteur (1882) wrote, “* It 18 very probable that many cases
of stlent rabies must have escaped the observation ”; and Laveran (igo7) wrote,
“ the hzmatozoa of malaria can remain latent among persons who have never
presented symptoms of malana, as well as among those who have had onc or
several attacks of fever ”. Bordet (1920), speaking of Iatent microbism, distin-
guishes among the carriers of germs * those who harbour the virus without ever
having heen ill, and those who conserve it after having overcome the infection ™.

We have used, from 1910, the adverbial expression * immediately ”* {at the
outset} to characterize the establishment of a Jatent infection, without crisis, in
a host (Sergent, Et, and Sergent, Fd., 1910:1921a:19215:1921¢; Sergent, Ed,
and Beguet, 1914; Sergent, Ed. and Sergent, Et., r1gt8:1921; Sergent, B,
Sergent, Ld, and Catanei, 19234:19230; Sergent, Ed., Sergent, Et. and Catanei,
1934; Sergent, Ed. and Parrot, 19356; Sergent, Ed., 19572:1038a:1047:1948}.
‘The immediately latent infection is defined as ** infection which is installed silently

E1Y

*FFor example, some researches pursued at many places in the world have demonsirated that among
saany of the bovines, healthy in appearance, the existence of avirulent trypanosomes, which the direct
examination of the blood would not reveal {Trypanssoma Sheilers), could be revealed by the provess of
cubture in ordinary bouillon medizm.

tThe spleen, major portion of the phagocyie systemn, appears as the principal organ of resisiance and,
cousequently, of premunition, in many infections, particularly in the diseases due to hemocytozoa or related
microbes (malaria, piroplasmosis, bartonellosis, €tc.). The ablation of the spleen resylis in the break down
of premunition and the return to activity, transitionary or permanent, of the latept post-discase infections
which are revealed in the above manner [Parrot ef af. (1930), C. R. Soc. Biol.,, 304, p. 866].
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without patent chinical atacks,  In the cheonic infectious discascs, the pre-discase
latent phase apd the post-discase lalent phase are joined together and are
intermingled . .

These * immediately latent intections ’, asymptomatic, in nature, are observed,
as we have stated, both in the acute disease groups as well ag in chronic diseases.
Ameng the amte disease, the fact is demonstrated, for diphtheria by the Shick
veaction, and for the scarlet fever by the THek reaciion.  As regards the chronie
diseases, the most common type of Immediately infection is that of tubereulosis
mfection which is revealed only by the tuberculin and the B.C.G. reactions. The
discases duc to protozoa also furnish a multitude of examples of infections of the
same character.

The immediately which have been latent from commencement from the time
of introduction into the host, i.e., which Lave not provoked acute attack of first
invasion, do not produce any relapses.  I'm effeet, by definition, a parasitic attack
which explodes months after the primary inoculation, would he an acute
attack of first invasion appearing after a long incubation and not a relapse.  An
infection which is latent from the commencement, remaius so as jong as it lasts,

some immediately latent infections are iransmissible mn serial passage with the
same character of occult microbism, not detcrmined by clinical signs, and revealed
only by the microbiological methods.  Thus the small piroplasm of the ox, central
anaplasma, which provokes in its host a parasitic attack, without chinical attack, is
wransmitted indefinitely in the laboratory, by inoculaden from infected bovine to
healthy bovine, without there being an exaltation of the virulence of germs at any
time and appearance of gencral disorders, The infection remains latent in all the
nassages {Sergent, 4. and Parrtot, 19354},

The existence of an unsuspected immediately fatent infection is often revealed
iorrurtously, as in the following example reported by Jessie Marmorston - -

¥ The intraperitoneal inoculation, to imce aged theee weeks, of the blood of an adult mouse strongly
istecred with Eperpéfrosoon cocveides, does not proveke any apparent iliness. Bot i the spleen of these voung

wice is resaoved, a Jarge number of Eperythrozoon coccoides are seen 1o appear in 24 or 48 hours following
splenectomy in the ervthrocytes and plasma’™ {Marmorston, 1935},

The remarkable fact, i the group of acute diseases, is that the hmmediately
latent infections give an immunity as old as patenf infections (scarlet fever,
dgiphtheria, typhoid fever) and, in the group of chronic diseases, the immediately
latent infections procure a premunition as vigorously as the latent infections
consequent to an acute attack™.

The immediately latent infection {In {talian: Infezione lalente immediate) which,
it 1s stated, would correspond to a muscarried disease, has received sometimes other
1nes,

In 1928, H. Reiter proposed the expression *“ dumb infection ™ for describing
the latent infections which establish themselves after the first attack, without being
succeeded by a manifest infection and an accete attack. The “ damb infection ™
is thus a synonym for immediately latent infection (Reiter, 1g28).

*Vaceination against some piroplasnngis with the living virus-vaccines, such zs we have practised at
the Pasteur Tnstitate of Algeria, show precisely to profit the possibility of conferring the premunition by an
nomediately Talent inleetinn.
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In 1936, ]. Fortner stated that mice and parakeets inoculated with psittacosis
could harbour the virus without ever having presented clinical symptoms, It is
this which the author calls 2 * silent infection ”, a synonym also of immediately
latent infection ™ (Fortner, 1936).

Ta 1912, Chaltes Nicole and Charles Lebailly have proposed * the name of inapparent infections for
a type of silent infections, in. which an acute disease grows in the animal without previous disease undergoing
its }:eriﬂds of incubation, of infectious condition (scpticemia and virulence), then of recovery, without any
sign of warning > {Nicolle and Lebailly, 1018},

In 925, Charles Nicotle gives the following definition (Arch. fust. Pasteur Tunis, x4, 2, p. 28E).—

“ The inapparent infection isan acute disease®, a septicemia which hasits incubation, evelulion, recovery,
and which altows, later, an immunity move or less durable. It distinguishes jtsell from the ordinary type of
infection by the absence of clinical symptoms, but it is conneeted by all forms of mederate seriousness and
it is onfy the mildest type. The inapparcnt infection bas nothing to do, on the contrary, with the latent
infection. The laten! infection js a sub-acute or chronic state in which the carrier conserves for short or long
seriods, without any suffering, the germ of a discase from which it could have suffercd previously and which
{germ) may or may sot be capable of recovery from virulence for the host itself or to transmit the disease 15
other individuals ™.

The definitions given in 1919 and 1928, by Chartes Nicolle, of the * inapparent infeclion ?, agree
exactly with the notion of ** immediately latent infection "’ which we have given in 1919 and precisely in
1914, 1918, 192] and 1823, But Charles Nicolle has nowliere suggestcfl the expression “ immediately latent
infention *; he always said simply * latent infeciion . If one considers, in detail, the characters which
Jifferentiate, according to Charles Nicolle, the “ inapparent ™ {rom the * latent > in general, one can make
the following commenis,—

{a} The Frst character woukbd _residc‘in the qvo!ut:ion whicl} would b¢ peculiar o an inapp?.rmt infec
non: no clinical symptoms, incubation, wgth sepiiciemia, evol_ution, recovery, ensuring immonity.  But it
is exactly the evolution which has been pointed out since long in the ** inmediately ' Iatent infection. Here

is an cxample, among many others observed in the laboratory, from which one can conclude as follows:—

A calf i inoculated with Theileria mutans; it does not present clinieal attack of Theileria—no fever, no
morbid symptoms-—but the daily examination of blood reveals, after 63 days of incubation, a parasitic attack
of 26 days’ duration, with a maximum of 175 parasitized erythrocytes per 1,000, after which the parasites
disappear from the blood to rqappcar‘rarely from time 10 time. Thus it is seen that in.ﬁ:ctiun pevsists
(Sexgent, Ed., efal., 1927).  'This dissociation between the virulence aud the symiptoms, by which inapparence
is defined and which has already been given previously the characteristic of “immediately latent infection”, is
noticed here again clearly; in the complese absence of any clinical attack, regular display of 2 pure parasitic
attack, cormprizing an incutbation, a period of infectious state, a period of decline of parasitemia.  As regards
* immunity following inapparent infection 7, it is well known, as we have referred (o above, that immediately
latent infections can bring about irmunity in acute diseases (scarlet fever, diphtheria), or premunition n
chronic diseases {tabcrcolosis and malaria).

{6} A second character would separate, according to Charles Nicalle, the inapparent infection from
the latent infection: “in the latent infections the carrier conserves the germ of a disease from which §t has suffered
previously ™. This second differential character cannot be retained because very often the carriers of latent
germs have never been ill: they bave an émmediately latent infection, without acute attack of first invasion. Omne
could cite innumcrable cases according io those of Pasteur, Laveran and J. Bordst, reported alrave,

Tn fact the expression “ inapparent infection ™’ is only a synonym, proposed later, for “immediately latent
iniection ’; on the other hand the term ¥ latent ™ presents an advantage over the term ““ inapparent ™, that
of heing more comprehensive. One can certainly call “ inapparent™ a lasent infeetion like tuberculosis
when the skin reactton to tubereulosis has revealed the presence of the causal microbe without showing it.
But a latent infection cannot be called ™ inapparent  if, thanks to laboratory techniques (for example, the
examination of blood in luematozoosis}, the microbes can be seen. T become visible is the proper meaning of
the word ** to appear ” {Littre, Acad, French}. Consequently the meaning of the word “ latent*’ s wider than
that of ** inapparent ™,

There was, therefore, no necessity to substitute for the expression * immediately latent infection *' the
appetiation *‘ inapparent infection ™, which conveys no new iea and over which the first had priority
{Secgent, Ed., 1047).

*One can remark the contradiction which exists, in the phrase: * The inapparent infection is an acute
disease ”, sinee an inapparent infection is a silent infection, without morbid symptoms, while, by definition,
the disease is an alteration of the health (Eitire).
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In short, iminediately fatent infection is distinguished as follows: The microbe
invades the host silently, the progress and decrease of the occult parasitemia unfolds
itself following the same rhythm as in a manifest infectious disease: incubation,
mutiplication, static period, regression, but without provoking any morbid
symptom; on his part, the host of the beneficent silent microbe, without the risk of
crisis, acquires a state of immunity (Sergent, Lid., 1948).

According to the progress in techniques of disclosure, new diseases, where
cases of immediately latent infections are frequent, are being discovered.

IV, ANTLINFECTIOUS IMMUNITY-STERILIZING OR
NON-STERILIZING.

In the mcdical sense, the rerrn immunity describes the resistance which, in
natural conditions, a host resists an inlectious disease; in bilef, according to
ctymology: the exemption from discase® Tt is considered that immunity can be
inborn that is to say, inherited or acquired during the period foliowing an infectious
discase. But under the name of acquired immunity, two categories of relractory
state are confused, which can be clearly characterized today, and are thus
distinguished. This distinetion does not present only the superiority of speculative
nature of analysing the problems in order to resolve them better, as Descartes
desired it. Tt offers still an jmmediate practical interest for the preventible and
therapeutic medicine; it enables to explain certain post-attacks, and to prevent
possibilities of modalities (methods) and limits of prophylactic vaccination (Sergent,
Fd., 1936; 1937a; Sergent Id. and Parrot, 1935a).

It is from the reports of resistance acquired in the course of infections which
provoke it that the two modalities can be distinguished: (1} post-infectious
immunity, succeeding the acute infection and persisting long alter the clinical and
microbiclogical recovery; it is the real slerilizing immunily which manifests itself
habitually after acute cyclical infectious discases {variola, scarlet fever, etc.);
{2) a co-infectious immunity contemporancous with the infection and stopping
when the latter has disappeared; it is a non~sterilizing immunity which has received
the name of relative immunity, Tt is common to diseases which, after an episode
more or less acute of primary invasion, or even perhaps outright, comprise a long
metacritic stage of chronic latent infection (Parrot, 1955).

The expression ° relative immunity ’ is found in the writings of Pasteur, in
April 1881, with reference to the immunity acquired against, which is  variable
with the intensity of the virulence of the virus with which it attacks™ (Pasteur,
18815).

Tt is Albert Plebn who was the fisst 1o use, in 1gor, the expression relafive
immunity in the sense of non-sterifizing immunity when he published his study of

*We are greatly obliged to Professor A. Baudoin for the following indications: the word ** immunity >
{==frecdom from attacks) has come into the French language in the 13th century, and is found, in its medical
sense, in the dictionary (Litree), by 1863,  Warlomont speaks of variolie ™ iminunity " in 2 communication
made on June 24, 1863, to the Academy of Mudicine of Belgium {Bulletin, Volume 8, page 303} which cites
s report of Depaul appearing in the Bulletin de I Academie de Medecine, Volume 31, (1866), page 367.  The word
* jmmumity ** is also found under the pen of I, Ficord, in 1964 {Lelters sur la syphilis, 3rd edition, {1863),
p. 48, Bailliere Publications, Paris).
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malaria in the natives of Camcroon {Plehn, 1go1). His clinical observations led
him 1n describe under this name a verified condition among the Blacks, They
suffer from free avtack of malaria only lollowing particularly intense and repeated
infections; they present ordinarily only a benign malaria, olten completely abortive.
A. Plehn distinguishes clearly tlns refative immunity from “ the absolute immunity
which the measles, typhoid, plague, variola, etc.,, confer 7 (Plehn, 1902}, In the
blaod of the natives in a condition of relative Immunity, parasites are not tound on
yaicroscopic examination (Latenz periode}.  The immigrant Furopeans when they
submit themselves to a systematic quinine treatment, acquire a relative immunity
against malaria similar to that which the natives show.

The experimental demonstration of the existence of a form of non-sterilizing
pmmunity, and the explanation of its real nature, was given in the first instance by
Th. von Wastelewski.  The experiments which he hag reviewed are not many but
their plan js judicious, and the commentaries are clear,

He tackled the question, in rgort, in a short passage of a study on bird malania,
appeating in a periodical, and, much later, in 1go8, in the chapter, devoled ro
malaria, in a book on pathogenic protozoa, where it is found, at the end of a
sentence, the cxpression relative imnunily, already eraployed by Plehn in 1go1, and
which has had, since, a deserved usage.

By reason of their importance, we reproduce below, the long passages from
these two publications.

! RESEARCHES ON BIRYY MALARIN, 1801 (WASIELEWSKE, 19015

~ Inovutation of finehs and of canaries with hwsnonseba from Gennany has given resahis diflerent
framu those which Koch had ohtained with a strain from ltaly® and Ruge with German straint. After a period
of acute infection, a vory chronie infection was almost always observed, with very vare pacasites, more sasily
revealed iy inoculation of blood Lo healthy bisds than by microscopie examination.  In some animals uader
experiment, parasites i the hlood could be found even 11 months after inocubuion, that is to say, for the
majority of them, up 1o death,  Cases of disease of shart duration, followed by complete recuvery and
immunity, as Koch has described after the jnuculation of Italian sirain, bave not been observed. Ou the
other hand, animals in a cordition of chranie infectinn, appavently feee from parasites, when re-inoeulared,
ila not saffer from acule parasitic attacks; at the most sorme parasiles are scen ™.

O RESISTANCE OF INOCULATED ANIMALS AGAFNST MALARTA PARASITES, 1909
{WASIELEWSKY, 18).

e smal! mumber of birds wlich had recovered, seven in six years, unfortanaiely do not permit the
stedy of their immaonity.

1 have heen able to study U affers of re-inovulation ondy on a small number ol anbmals, chronic
patieats, which, at moments, did not show any parasite in tweie bloed.  Twelve animals died of chronic
unalaria, after a long time, it is trae, for the most part carlier than the healthy control animals,  Also, almost
abways, &t the end of five or six days, nccasional parasites could be seen in the binod, their parasites had been
absent during the weeks before the re-inoculation. Only in one case, parasites appeared on the 6th day
after re-inneulation,  Just as the chropic evolution of the first infection had already led to the presence of
a greater resisiance in all these animals, in the saoe way it can be deduced feom these experiments that the
chronic sick animals do not suffer gravely Trom the re-mnculation of high doscs and that they suceumb 1o
it foss quickly than the healthy control animals. This convlusion is m confradiction with the observation
of Rose, who states that, through moesquite bites he could infecl swongly four animals which had up 6t then
showed only a few parasites.  As long as it could never be demonstrated, through a large number of experi-
wments, thal the reinfection done through sporozoites has an effect essenvially different from that of bleod
inoculation. { could assume that the number of persisting parasites, in the Llaod of four sparrows, nnderwent
variations irrespective of mosquito bites, My results pyblished previously and confirmatory observations

¥ Zeitschrift f. Hig.y 33, (1889).
*Centralbl. - Bakt., 1, 29, No. 5 (1901).
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repaatid sinee fong are m favour, 12 appears 1o e, of Whe wdea that sone resisting hosts van overcome the
infeetion but, apact Troe rare cxceptions, parasites persist Hving i their bood during a relatively long time,
IF, afterwards, re-inoculation in such hosts is prosceded with, ane need aoc wait tosee the appearance of same
morbid symiptoms iz then as in the completely beallhy animals,  In the liest place these antrualy possess
marifustly superior resislance on the average: secondly, donic infection has the effect of provoeking the
development of all the means of delence of the st against the muitiplication of parasites, and they enter into
action Trom the time of the introduction of the new infection, The re-union of these factors explains the
diference in the vesult of the re-innculation fron: that ebitained o non-mircted animals.  Dut, considering
that the peeviously infected birds are not capable of offering shelier to 4 new parasitic attack—whether the
nid parasites multiply afresh Jdue to the provocation offered by the new inoculation—or whether the newiy
introduced parasites multiply themselves, even it is 1o a niore modest degree than normal-—iis permissible
in my opinion to speak all the more of pelative immanity,  The manner in which the immunity establishes
isell to protozoal infections is sUll nowhere classified. In his difficult wrrain, we must sill surrender ali

claim to exacl rescarepes ™,

The experimental study of rclative immunity i P, relictum  malania,
inangurated by Wastelewski, was taken up again and developed by Edmond Sergent
and Ftienne Sergent. They undertook 1n 1go1, in Algeria, the verification of the
discovery by Ronald Ross of the réle of the mosquitoes in the transmission of malaria
and established, at the same time as epidemiological and prophylactic studics of
human malaria in the country side of North Africa, and the laboratory researches,
which arc continning in 1955, on the cxperimental tolection of canaries by
Plasmodium relicton and (hat of pigeons by Hemoproteus columbe. From 1901, they
were employing the expression relative immunity * in the researches concerning
the resistance acquired by the previously infected.

They ave cndeavouring to prepare from aitepualed living virus vaccines,
capable of giving to the birds an immediate latent infection, without passing through
the stage, always dangerous, of an acute attack. It is this which they called in
1910, to give an * immediately relative immunity” (Sergent, Et. and Sergent, Ed.,
rg10). They are obtaining a certain number of good results with a virus vaccine
made of sporozoites drawn [rom the salivary glands of mosquitoes and submitted
to aging,—and with slightly inlected blood, previousiy raised in the bird dunng
incubation——latent period.  But the best results, which are very regular, are given
by restricted quinine freatment, administered to canaries before or after their
experimental mnoculation {se¢ Scction VIT).

In 1917 {Sergent, Et. and Hempl, 1917}, in 1018 (Sergent, Ed. and Sergent,
Ew, 1918), in rg21 (Sergent, Ed. and Sergemt, Et., 1921. Sergent, Et. and Sergent,
Bd., 1gz1a:rgerbiigeis), Fdmond Scrgent and Etienne Sergent reported from
confirmatory facts relating to the resistance {o re-infections conferred by latent
P. relictum infection, as long as they lasted, and on the susceptibility which reappears
at the tme the bird is deparasitized.

Tn 1923, Fuenne Sergent published throngh his diseiple 3. Mazza some observations, pursued in his
tabovatory, on L7 canavies inocuiated with a sirain of P. relictum maintained for 2 large number of years,
Amang them 70 per cent survived the acute attack and presented a metacritic latentinfection.  Among
the survivors, the blood of a bird invculated four vears and three months previously was still infective; but
twe other birds inoculated threee years and three months previously were deparasitized {isodiagnostic negative)
and, re-inoeulased, presented an infeclion as grave as that of the controls (Mazza, F023).

Finally, in 1452, Edmond Sergent and Frienne Scrgent summged up the general results of 47 years of
exparienees on the relative immunity agamst P.relichon inalaria, pursued in nearly 6,000 canaries (Sergent,
Ed., 1950; Sergent, Fd. and Sergeat, B, 19384521, Sex hundred and forty-nine canaries inoculated with
. relictn were obsorved during all thewe fife: periods (mean longovity of the canary was seven years).,  Three
kinds of techmiques were employed: microscopic examination of the peripheral Llood and of the organs;
inocutziion of new canaries with a §ifth of the 1otal volume of hlood; inocufation of the total mass of bleod,
with the product of groamd internal organs it is the mosl severe test which gives the best results whether
positive or negative).  Out of the total, 317 cases ol tatear infeciion were observed ameng canaries inoculated
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for a very long time, sometimes for several years {61, 66 and T0 months in three cascs).  The parasitic recuvery
can occur very soom (before ten months in one canarv).  Seventy-scven canaries which had survived the acute
attack were re-inoculated after varied intervals ranging from four io six years.  Al! have shown a clear rosis-
tapce. The 78th canary re-inocuiated three years and ten months after the primary inoculatinn, was again
susceptible. The rofraciory state persisied as long as the latent metgcritic infection Jasted, that is to say,
often up to the ripe old age of the bird. The parasite had not lost its virulepce for 1he host which sheltercd
it: the relative immunity is entirely the cffect of organic reactions of the infected host.  Resistance conferred
by pre-munition is not re-inforced by reprated re-inoculations.

Edmond Sergent and Etienne Sergent obscrved the same phenomena of relative
immunity connected with the existence of a latent infection in Hemoprofens malaria of
pigeons {1914) and in the trypanosomiasis of dromedaries of North Africa (1919).

in 1914, they reported history of two pigeons which they had Injected with M, atens columbe malaria
by the bite of infected Lynchia maure (whose rdle they have shown in the transmission of this disease). These
two pigeons retained the latent infection during four years. After a further period of four years, during
which the pigeons did ot show any Hemaproteus in their blood, they were re-inoculated : hoth were infective,
They had not thus retained any resistance and had become again susceptible after clinical and parasitic
recovery from their primary infection (Scrgent, Ed. and Beguet, 1914).

In 1619, Bdmond Sergent and EGliennc Sergent showed that the ‘debal’, trypancsomiasis of North
Afvican dromedaries, presented equally a latent metacritic period conferring a relalive immunity during
which they are refractory to super-infections (Sergent, Ed., Sergent, Et. and Lberitier, 1919).

In 192, J. Moldovan also concluded from his observations that canaries
infected with chronic P. relictum malaria resist a super-infection, but that
deparasitized canaries become susceptible once again.

En one exprriment, five canaries careying occasional parasites in their bloud were re-inoceulated at the
saine time a8 a canary completely cured ol its fiest infection.  'When the chronically infected bird did not
present severe infection, and continued to show only very rare parasites in their blood, the cured canary
hast a very grave infection, just like the controled ones (Moldovan, 1942},

These are thus some experiments carried out on avian malaria which have
shown for the first time, through the method of experimental inoculation, that, in
some infectious discases, the relative resistance, acquired after the clinical cure,
depends on the survival of latent parasites,

Some rescarches of the same type have been carried out later by numerous
investigators studying other malarias of birds and monkeys.

During the decades after 1910, some investigators of different countries
have placed on evidence, in a growing number of infectious diseases, and, among
them, in grave and widespread discases, like syphilis and tuberculosis, the absence
of a real and sterilizing immunity. They comprise only a relative immunity
connected with the existence of a latent infection.

The parasites which cause diseases with relative immunity, belong to all the
microblal groups: bacteria (tuberculosis, brucellosis, etc.}, spirochaetal (syphilis,
relapsing fevers), ricketsiosis (exanthematic typhus, animal ricketsiosis), viral
{herpes, poliomyelitis, psittacosis, etc.), protozoal (malaria, piroplasmosis, trypano-
somiasis, coccidiosis, ete.), fungal {mycosis) and even of non-microbial parasites
!helminthiosis). Some infectious diseases with latent periods and relative
tmmunity in the vertebrates have been observed in insects and in plants.

V. SYNONYMS OF NON-STERILIZING “ RELATIVE IMMUNITY .

The idea of an acquired anti-infectious resistance, coinciding with the
existence of a latent infection and stopping with it, has been explained by terms
other than that of “ relative immunity »,
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Paul Ehrlich was content to say: * non-sterilizing immunity ”, an expression
employed after rgro, by some authors: E. Martini, Martin Mayer, Friedrich
Fulleborn, It is mentioned by H. Schlossberger (Schlossherger, 1929).

IMMUNITY FROM INFECTION OR SUPER-INFECTION.

Frunanity from (nfeciion. --W. Kolle and R. Prigye described, in 1928, the immunity which is acquired
against tuberculosis under the name ol Jofektiomsivumunitat,  "This form of immunity consists of a state of
resistance against re-infection 56 long as the bacieria introduced by the first infecticn are present in the host:
it disappears when these bacteria are completely eliminated {Kolle and Prigge, 1929},

Iminunily from infection.—Schlassherger {1929).

Fprunity from infaction.—TIn 1934, E. Martini employed this term with reference to malaria {Martini,
19345,

Immunity from infection | Durchseuchungsimmunitaly which developes iself in the ficld of ™ dumiby infection **
‘Reiter, 1925).

ity from infection {Infection-itnmnity) . —Topley and Wilson deseribed, in 1928, the *“infection-
immunity ? ‘which they olserved in the relapsing fever, in syphilis, in tuberculosis, during the latent
mlection period.

Immnity froon super-infection.—R., Ticbre and Bonaet deseribed under the name of super-infection the
rosistance to the new infections refated to the presence of aggressive microbes in the host (rubsrculosis, syphilis),
and under the name of immunity from re-infecrion that which survives the cessation of the disease, as in
smull-pox, for example {1927).

Immunily from super-infection.~—W, Gingrich, in 1912, concluded from his experiments that a latent or
chronic infection of 2. relictum orv P. elongatum or P. cathemerium is accompanied by an immunity against a
super-infection by the same strain of parasites {Gingrich, 1932},

Immunity from super-infection. —H. W, Mulligan and J. Sinton proved in 1433 that a chronic or latent
infection by P. knowlesi, or by a strain of P.ianf var. cynomolgi, appeared te confer immunity against the clinical
efects of a super-infection by the same sirain of parasites {(Mufligan and Sinton, 1933).

Resistancs to infection {Durchsenchungsresistenz).—Petruschky, 1928 {cited by R. Kranus, 19283,
Tolerance of infection.—Yorke,

IMMUNITY-TOLERANCE.

T werm * relative olerance ™ 18 already found i the writings of Kelsch and Kivner, [888 (Sergent,
fid.. 130).

Proposed by F. Mesnil (Laveran and Mesnil, 1912) (Ser also Seegent, Et., Sergent, Kd. apd Catanei,
192351,

Plehn used the same term,

PARTIAL TMMUNITY.

1. Schlossberger mentiosed this expression in 1929 (Schivslerger, 1929),

1. Border employed in 1920 {Rordet, 1920:1934), in 1927 {Bordet, 1927), in 1934 {Bordet, 1934), in
1939 (Bordet, 1920 :1434) the term partial isvounity, ™ Tt can be imagined that an infected organism cannot
sueceed in recovery but defends itself, however, with suflicient vigour 1o modify the evelution of the discase
by impeding in a certain measure the microbial invasion.  This is precisely what is proved in most of the
chirouie diseases such as tuberculesis, syphilis. Morbid evolution transforms isell in the scnze of low
multiplication of the virus or of a more marked tendency to Tocatization ™ (Bordet, 1934).

Latent immunity.—H. Schlossberger, 1929.

Concomitant immunily,

Failing immumiy {immunite labile),—Cl, Schilling.
Immunity of depression (Depressions immunilat) —Morgenroth.,

In the mice, the inoculation of a sweplococeus, which is sightly virulent, provokes a chronic infection
which puts them under the shelter of 2 super-infection by a virulent strepiococcus.  Cited by Schlossherger
14929,
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IMMUNETY OF COMPENSATTION, WASSERMANN, 424,

When 2 state of cquifibrivan s cstabished between the means of defeoce of the vrganism amd the
aggressive moany of the pathogenic geym, it is a question of a sort of ** compensation ™ bitween the forces
of the microhes and those of its host (Cited by Schilossberger, 1829),

Immunity of Iymphatic vessels (Lymphbaknimmunital, Weleminsky. Gited by
R. Kraus, 1g28),

i Svuth Africa, the expression © dirty beast ™ has been used since long 1o deseribe the bovines which,
having recovercd from the first attack of piroplastaosis and of trypanosoimniasis, resist super-infections but
continue to be a reservoir of virgs,  The same expression “ dirty > 18 used, savs 1, Martini, for the dogs
whichk have recovered from piroplasmosis (Marlini, 18562},

A. Le Dantec uses, with reference to malaria, the term * allergy 7 to explain the idea of immunity.
Utiis denominadon cannot be relained, since it has heen ereated by Pirguet and continues to b amployed.
hy writers ty define the following phenomenon: An organism which has received a foreign substance, living
ur not, “ reaching etherwise * 1o the first penciration of this substance and to a subsvquent penetration,
The change of reachion is more or Jess due to the former,  This cap be either a greater sensitiveness 1o a second
introduction of the substance, in the case of anaphylaxis, or, on the contrary, a reduced reaction, in the case
af relative imeunity {tubercalosis, brucdiosis). Fhe torm © allergy ™ cannot, therclore, he used 10 describe
relative immunity isell (Sorgent, Fd., 19203,

VI. PREMUNITTON.

The different expressions used (or describing a non-sterilizing immunity,
corretative of a latent infection, have a disadvantage of giving rise 10 2 confusion
with real immunity and serving very badly the requiremenis of every day usage,
Can it be said, for example, of a bovine chronically infected with piroplasmosis that
it is * relatively immunized " or * wlerantly immunized ’? Can it be said of
an anti-tubercular vaccine, like the B.G.G. of Calmette and Guerin, that it
wmmunizes, “tolerantly ” or “relatively 7?7 1t would be either to comumit a frightful
barbarism or throw a kind of suspicion on the protective value of B.C.G., through
a fault of an ambiguous adverb, Morcover, when one speaks of tolerance, and
expresses ondy a part of the phenomenon, the habit of the infective organism, one
suppresscs the other essential characteristics, that is, the resistance to super-infec-
iions. As we have said in 1927, in order that science remains a = well-qualified
tanguage 7', and for reasons of comvenience, it is necessary to signify by a single
and clear term, exact and precise, the complex idea of “relative immunity” and
w0 indicate the differences, which are considcrably all told, which separate it rom
the immunity properly called * sterilizing ™ {Segrent, Ed., 1903}

That is why, based on our researches concerning malaria, piroplasmosis,
rypanosomiasis, brucellosis 8. melitensis, spirochetosis, we proposed, m 1924, with
our colleagues L. Parrot and A, Donatien, the term ™ premunition ” to define
the kind of immunity which is assoviated with a state of latent infection (Sergent,
Parrot and Donatien, 1924; Sergent, Parrot, Donatien and lLestoguard, 1931,
Sergent, Fd., v936:19374). *° Premunir 7 (to premunish) means * munir par
precadion, foriifier d advance, metre en garde contre”’ (to fortify by precaution, to fortify
in advance, to put and guard against”’), according to its etymology: prae, before,
nenire (from moenia, walls of defence). There is without doubl a relationship,
according to M. Breal and A Baillyt between the words munus, obligation (from

*Edin. Sergent, L. Parrot, A, Donatien and ¥. Lestoquard (1927), drch. Tust. Pasteur £ Algerie, 3, 4,
up. $09-474,
Y Dict. Elymologique Latin, tth Fdition (1996), Hechette Publications, Paris.
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which comes duatinitds, exemption from obligation}, and menia (from which comes
premunir, i.c., to swrengthen beforehand), L. Cledar® indicated that the Latin
nunire, is related to  murus, wall. The common Latin root being mei, wall,
acording to R. Gerandsaignes d’Hauterive, T

From the point of view of vocabulary, the word * premunition ” iz the
wehmical term ol the state corresponding 1o the word * immunity 5 the same
word “ premunition 7 is also the name indicating the function corresponding to the
word C immunization . The verh © premunish ™ corresponds 1o the verb
“immunise . Tt ds said of a virus vaccine that it is ' premunishing ™ or
" opremunitive 7, as s said of 4 vaccine that it iy immunizing (Sergent, Ed.,
35)-

Since 1924, our master, Dr. F. Roux, has approved immcediately the term
* premunition ”,  He has scen some clear examples of 1t during his researches with
F. Metchnikofl on syphilis inoculated to anthropoids. The now-living vaccine
did not confer any immunity and the atienuated virus vacemes procured a certain
resistance.

A, Calmette writes: < We have veluntarily adopted {since 1924) the word
* premunition 7 ro describe more explicitly the spectal forms of immunity connected
with the persistence of living germs in the organs of the immunized host {Galmette,
136},

Similary, H. Vallee has employed since the beginning the term premumition
iValiee ef al., 1946},

The word = premunition ™ is being used more and more in [oreign countrics
ag in rances.

Vi, Martni has used since 1g35 the words * pracssmition " and © prapunieren ™
w0 duscribe the immunitas non sterilisans of Ehvlich (Mavtini, won2). * Praemunition
and * praemunieren > are the terms which he emploved in a lecture delivered in
tg4s 1o the Militiry Academy of Medicine {Martini, 1941). Since then he has
written ** praemunition” and * pracmumieren”. Tt s the spelling adopted by
German anthors, such as Franz Doflein and Fduard Reichenow {(Doflein and
Reichenow, 1g4g). See also Phuglelder {1g50) and our note (Sergent, Et. and
Sergent, Ed., 1921¢).  Tn English, it is written © preraunivon ™ and “to pre-
muanish ” {for example, Swellengrebel, 1940); in Ttalian, * premunizione ”; in
Spanish, * premunicion 5 in Portuguese, * premunicac 7 in Czechoslovakian,
“premunice U {Sergent, Iid., 1g50).

Tt is hetter to state precisely that a parasite which lives in a latent state in its
host, which is in the metacritic period, provokes, only by its presence, the main-

¥ Pt Elymologique de fo Langiee Francaise, achetis Publications, Puris,
+ Diet, des Rocines des Langres Eurgpeenes {19191, Largusse Puldications, Paris,

3ln 1835, Chardes Nicolle tricd, withoul suecess, 1o put inte cireulation two barbarisms e had
coied: ** premmmite” and * premuorisaflon” {premunity and premunisation}, to which he had given the same
definition as the definition of ** premunition ™ wiich Lic had proposed clevesn years hefore, in 1924,
:Chacles Nicolle, —Responsibifities de fa Medecine, 1935, p. 111, F. Alcan Publishers, Pais; Rev. & Foonunsl., 1,
By May 1935, p. 269 Asch, Fust. Pastenr Tunis, 24, 34, June 19335, p. 51310
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tenance of measures of defence against the possible aggression of another similar
parasite. It is inoculated, to a host with a latent previous infection, of a virulent
microbe of the same species, this virident microbe does not re-infect during latency.
The host, already immunized by the latent parasite, overcomes the aggression,
We have expressed in 1934 this idea in writing, < [a place reste au premier occupant .
“ This is what could be called the law of precedence 7 (Sergent, Ed., 1934:1949;
Sergent, Ed., Sergent, Et. and Catanci, A., 1934; Sergent, Ed., Parrot, L. and
Donatien, A., 1935; Sergent, Ed. and Parrot, L., 19352) (Pampana, 1944},

There are some degrees in the extent of acquired immunity.  In this regard,
three categories of premunition can be distinguished: it can be racial, specific
or generic. Premunition is said to be racial or homologous when a microbial
strain confers very solid rvesistance only against itself. It is called specific or
heterologous when a microbial strain confers also a resistance against other
strains of the same species, Laveran and Mesn] have based on this idea of the
specificity of the resistance to the reinoculations, their methods of identification
of trypancsomes through  crossed inoculations ™ (Sergent, Ed. and Parrot, L.,
1935a). A strain is often seen cliciting complete protection against itsclf (strain
specific premunition) and eliciting proteetion also, but less strongly, against other
strains of the same species {specific premunition), For example, premunition
acquired against a given strain of P, vivax does not always entirely protect the
individual premunished against other sirains of P, vivax {Sergent, Ed. and Parrot, L.,
19354}; the premunition acquired against a strain of trypanosome is fcast marked
against another strain of the same specics {Sergent, Ed. and Parrot, L., 1935a).
Finally, there is a generic premunition, thatis to say, a resistance conferred by one
species against another species of the same genus, For cxample, Anaplosma central,
a specics of low virulence, which has been isolated by Arnold Theiler from a South
Alrican bovine host, premunishes not only against itself but also against another
species of the same genus, Anaplosma margingl, which is extremely virulent,

Can the infectious diseases which have provoked, during a phase of chronic
infection, the phenomena of premunition, confer sometimes to the organism a real
immunity after recovery? {Sergent, Ed. and Parrot, 1935a).

Sinton has employed the term ““ residual immunity ¥ to describe the
mmunity which, in his opinion, can persist for a variable time after the dis-
appearance of the parasite from the host (Commission du Paludisme de la Societe
des Nations, 1g940; Sinton, 1938).

Touis Parrot thinks that the existence of this residual immunity is not proved
and that onc cap also think ol a residual pyemunition.  In effect, he writes:

“The peremptory demonstration of the existence of pranunition in 2 sahjeet which resists a ye-inocula-
tion, results from the disclosure of the palaria infection which determines it,  Buot it happens that for want
of oppoctune emplovment of all the laboratory methads (direct microscopic examination of bload, splencetamy,
isudiagnastic procedure, tests of infection and of re-infection) necessary for revealing it, the latent infection
passses unnoticed, One can thus helieve that the infected subject has completely cecavered and, if he resisis
further a homologous re-inoculation, concludes vrroncously that the premunition has suececded in it a state
of properiy called immunity......... In fact, no investigator has still brought, 10 our knowledge, the irrefytahle
proof of a real secondary or “ residual »* immunity in malaria, according to the expression of J. A, Sinton
{Sinton, 1938), following premunition. Moreover, this supposed secomdary immunity lasis for a short period—
generally a few monihs, it is said—in contrast with real immunity known to be of long persisience.  In
admiiting that it exists, that is to say, that a short peried of resistance without active infeclion takes place
between the microbiciogical recovery of the infective subject and the return of its sensibility to homoelogous
re-inoeulations, one is inclined to think that it corresponds simply to the time necessary for the organism to
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ebminate, through the role played by phagocylosis and the losses, cytoplasmic, nuclear and pigmentary, of
a parasitism reeently disappearcd.  And since the refractory siate depends in such a case on the actuzl presence
of antigenic elements in the body of the host, it is still a question of premunition—of 8 residual premunition ™
sParror, 1955).

Etienne Sergent has shown that, in the P, relichom malaria of sparrows, the
parasites, which provoke the premunition in the vertebrate host, do not confer
any premunition in the invertebrate host: a malarial infection, which progresses to
the sporozoite stage in a mosquito, does not prevent the normal evolution, in the
sime mosquito, of other gametocytes, freshly ingested, at least 16 days later, The
infected Cufex mosquitoes are not premunished against a fresh infection from the
ingested parasites four months later. The Culex mosquitoes can harbour even three
broods of P. refictum of different ages at the same time (Sergent, Et., 1g40).

If an overall view of the problem of anti-infectious immunity is taken, it ig
proved that the palure of immunity, either sterilizing or non-sterilizing, conferred
by an attack of infectious discase, depends on the specific character of the pathogenic
microbes: their compatibility with the host which they attack. The life of certain
pathogenic microbes (for example those which cause the following diseases:
measles, scarlet fever, small pox, chicken pox, whooping cough, diphtheria and
anthrax) is incompatible with the life of the infected host; they kill or they are
killked. The complete and rapid victory of the organism is the [ruit of the powerful
effort of the means of defence, which result in an intense production of antibodies.
The antibodies, soluble in the organic flwids, spread themselves in the entire body,
The modification [Umstimmung of the Germans (Schlossberger, 1929}] which the
body has undergone is such, in this category of infections, that it continues, for a
more or less long time, to elaborate the antibodies; it thus remains durable against
any new aggression ol microbes of the same species: it is the  active immunity 7,
which is above al! humoral in quality. “ The active immunity is only the
contimation of the processes of recovery ™, writes Jules Bordet,

After recovery, there is thus, for some time, overproduction by the host
of antibodies which remain unused. The blood of the convalescents or, bct.tcr,
the serum of the animals hyper-immunized in the laboratory, injected (0 a patient
attacked with the same diseasc, brings to his means of defence the reinforcement
of antibodies all prepared. This force of resistance is called *“ passive immunity *.
It is on the basis of serotherapy {Sergent, Ed., 1948).

When the host triumphs, recovery follows immediately after the termination
of the acute atfack; there is no latent metacritic infection.

On the contrary, the life of other pathogenic microbes {for example those
that cause malaria, syphilis, tuberculosis, bracellosis, spirochutosis, trypanosomiasts,
piroplasmosis) is compatible with that of the attacked organism: the attack of first
invasion, which does not kill the host, results In a sort of compromise, of ““ modus
wvendi ) between the microbe and its host, which happen to tolerate each other
relative immunity). A vital cquilibrium is established hetween the microbe and
its host. The parasitism then becomes a sort of symbiosis, the parasite survives
in a moderated formr; the latent metacritic infection is installed and ends only
after o long time,

There is necessity to point out two inconveniences of latent metacntc infec-
Hons: it can revive when the host is enfeebled and causes relapses; moreover, the



70

The Concept of ““Relative Immunily” or “Premunition”

carriers of Jaiene germs constitute a reservoir of virus which can be the point of

deparwure, often misunderstood, of ep

idemics or of epizooites.

As regards the host himsel, the recovery, not being the consequence
of a prompt and energetic reaction of the organism, is not accompanicd by the

tormation of abundant antibodies. T

the latent metacritie infection terminat

here is no efficacious serotherapy®. When
es, when the host is definitely deparasitized,

the relative immunity disappears: the host becomes again susceptible, and a

re-inoculation can provoke a re-infect

ion.

Briefly, relative immunity is a co-infective refractory state and real immunity

3 post-infective refractory statet.

In conclusion, distinctive characters of sterilizing true immunity and of

premunition or relative immunity, ca
statement (Sergent, Ed., Sergent, Et.

n be summed up in the following tabular
and Catanel, A., 1934).—

P'ruc immonity.

revents re-infeetions,

Furvives the disappearance of the parasites.

iasablishes itseld after recuvery,

Ts conferred by killed vaceines.

ts accompanied hy the formation of abundant anti-
hodles after recovery.  Hence possibility of
serotherapy.

Conferred by acute disrases.

Cloanpiete resistance acquired by a host which,
«linically cured, i, at the same tine, depacasitized.

Preemunition,

Relative resistance acquired by a2 host  which.
clintcally cured, remains a carrier of fatent gering,

Prevenis superinfections even though the host
remains a carrier of germs, but does nor prevent
re-infections from the time it ceases ta be a carrier.

Gorrelative to the visible or latent presence of
parasies.

Crases with recovery,

i I5 conferved by living virus vaccincs,

Poes not form abundant antibodies after vecovery.

No serotherapy with the serum of the recovered.

?.
i
-
i
I
I
f
i

Sonlereed by chremic infections.

.

We have thus proposed, with Parrot and Donatien, the following terms:—

InseuneTY.
Naine ol state.

Prst-infretious refractory siate,

PrustuNgrion.

Co-infectious relractory state.

|

IMrRTINEZATION.

Act by which the host is pul in a state of

resistance to a reinfecton, as il
N of i
concerned disease,

§FO TMMIUNLLE.
i iaMuNizEND.
C TMMUNIZING,

vovered from a sponmtaneous anack ol the

PreMunNesioN.

Act by which resistance 16 superinlection i
abtained, through a  chronie  infection
provoked, and well wleraued.

L had re-

Ter PREMUNISIE,
PREMUNISHED.
PREMUNISHING OF PREMUNITIVE,

*There st exists a thind category of infections discases: those which neither confer immunity nor
promuogition,  They are due to pyogenic bacleria: {or example, paeumaocoeccus, streptacoccus, staphylococeus,

FORNCOCCE,

tiergent, Ed., Sergent, UL, Parroel, 1. snd
“November 19338), pp. 227-280,

pLpar Lt

Blonatien, A.~—Trans. Roy. Sue. Trop, Med. Hyg., 27, 3,
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In short, premunition (or relative snmunity) has the lollowing essential
characteristics -

---Tolerance of the infected host with regard to the infecung virus {tolerance
manilesting itself by a state of chronic Jatent infection, which is not necessarily a
morbid state);

—--Resistance of this infeeted host to any oew infection by the same virus
{resistance  preventing  superinfections  during  latent Inlection, but not the
re-infections after recovery from. latent infection).

We will repeat with L. Parrot: ** In order to give a conercte example of the
tuscharnental differences which scparate premunition from true immunity, it can
be stated: one no more contracts scarlet fever—a discase conferring true immunity—
when onc¢ has had it; one no more contracts malaria—disease of premunition-—-
when one has it and as lopg as one hag it*.

VII, VACCINATION AGAINST DISKEASES OF PREMUNITION,

We have scen at the beginning that, the techniques of discovery of latent
inlecuons, in the hosts having survived the first attack of an infectious discase, are
heing progressively perfected, One is no more satisfied with the microscopic
finding of the parasite in the blood or the organs.  Some experimental inoculations
are added to 1t: on the one hand, inoculation to a new susceptibie animal of the
targest possible quantity of blood and of portions of organs of the subject under
observation—that is to say, the isodiagnostic or proof of infection; on the other
hand, inoculation to the host under observation of microbes of the same species
which has caused the primary infection, that is to say, the proof of immunity
iSergent, Lt. and Sergent, Iid., a1921d:1927e},

The existence: of latent ifection periods, conferring premunilion, s discovered,
m an ever growing number of infeciious discases.

lan the Pasteurian methods of vaccination be wtilized for the prophylaxis
of chscases producing premunition? When it Is a question of inlections entering
the category of diseases producing premunition, to vaccinate, is, by definition, to
give a latent infection.  To describe the protective vaccine, the inoculation of which
will create a tolerated parasitism, guaranteeing a permanent defence against an
abrapt attack of a parasite coming from outside, the Pasteurian ferm of virus-
vaccine is more suitable, In a note on the attenuation of virus, Pasieur wrote, In
1881: “ To seek to lessen the virulence through rational means, is o base on the
experimentation the hape of preparing with active vimg, easy to cuiture in the
hody of man or of animals, virus vaccines of restrained development, capable of
preventing the deadly effects of the active virus” (Pasteur, 18810). The term
“ vaccine 7 is rveserved for the preparations the inocufation of which gives tiue
sterilizing immunity.

The first characteristic of a virus vaccine is of its heing a living virus, since it
must create carriers of germs, as well as sterilizing immunity, which characterizes
the other category of infectious discases, and can be caused by the inoculation of
kitled microbes or of anatoxins (Sergent, Ed., 1929}.

* grch. Inst. Posteur & Algerie, 23, 2, June, 1934, p. 265,
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The question that arises is of taking the minimum risks for the host o whom
a living virus vaccine is inoculated. The object is consequently to secure for
him an immediately latent infection which will save him from the dangerous
stage of acute attack of first invasion. This will be  Acclimatization without
risks 7,

The immediately premunition can be obtained by diflerent procedurcs.

We will pass in review, in chronological order, the experimental findings of
prolective virus vaccines, known up to the present time,

Malaria.—Sporozoites, extracted from salivary glands of mosquitoes and
grown old iz vitro, have constituted a protective attenuvated virus, Inoculated to
canaries, they have given them a latent P. relictum infection which has protected
from commencement (Sergent, Ed. and Sergent, Et.,, 1910

The same protective vaccination has been obtained (1923) by the inoccula-
fion to birds of a virus-vaccine, composed of a small number of living sporozoites
raised previously, at the ultimate period of sporogony, in the salivary glands and
in the rest of the body of the Culex. The optimum dosc consisted of between 3/4th
and 2{grd of the ground bodies of Culex mosquitoes normally infecled (Sergent,
Et. and Sergent, Ed., rgro; Sergent, Ed. and Sergent, Et., 1918:1921; Sergent Et.,
Sergent, Ed. and Catanei, A., 1923a:19236).

Previously raised blood of canaries during incubation (procritic latent stage)
has conferred to canaries an immediately premunition {Scrgent, Et. and Sergent,
d., 19214).

If one compares between two kinds of anti-malarial vaccines under considera-
tion, prepared against a microbe which undergoes a double evolution, ie,
{1} sporogonic in mosquitoes, and (2} schizogonic in bird, it is established that
better results have been obtained with the sporozoites previcusly raised in the
host of the invertebrate than with the schizonts put inte the blood of the
vertebrate,

A quite different behaviour has been published, in February rg2s, by
Edmond Sergent and Etienne Sergent. Their experimental study of avian malaria
has shown them that quinine and its derivatives acted on P. relictum as in human
malaria, and they setup the method of experiment, on malaria of canaries, synthetic
antimalarials, which have been wutilized later by Schuleman for his discovery of
Atebrin and Plasmoquine. During the course of these experiments of remedies,
they established that one could obtain the protective vaccination of canaries
against P. relicium by means of attenuated virus through a non-sierilizing drug
therapy. For example:—

In ten birds, the preventive treztment by quinine, given in daily dose of 907 ma. during 2 period equal
s that of the acute phase in the controf bivds {from 19 tn %) days), has prevented the invasion of peripheral
Hood by the parasites during that period. The hloxl infection visible fo the microscope remains very Teeble
or ml. In the latter casc, it was fatent [rom commencement. The same doses of quinine, mjected after-
wards every alternate day, have continued to hold in check the virag, even when the bird undergoes several
re-ingculations.  The relative immunity in the quininized hosts, which makes them resist the super-inocuia-
wions, was present as long as they took quinine, When the treatment was stopped, the infection took the
upper hand and susceptibility returned.

On the contrary, the non-quininized controls presented an acute infection, during the course of which
30 per cent of them succumbed. The parasitic invasion of 1heir peripheral blood was intense from 9th o M4th
Jday after the inoculation.
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The advantage ol this proceduwre of vaccination by an attenvated virus,
thanks to a non-sterilizing treatment, is thus for the individual, a premunition,
which is often established from commencement, The whole advantage consists
in that the treated birds, in not having any latent infeetion, will not also be
dangerous reservoirs of virus unlike the untreated controls, to intense blood
infections {Sergent, Et. and Sergent, Ed. rgz15: 1921¢).

The experimental findings on P, reliction malaria show finally that the
immediately latent infections give a premunition as solid as the Jatent infections
bHowing an acute aftack (Sergent, Ed., Sergent, Ft., and Catanci, A., 1934)-

As regards hwman malaria, A, Plchn has remarked, in 1901, during his
chwical study of malaria in the Blacks in certain parts of Cameroon, where the
iinmigrant Furopeans who take quinine regularly in prophylactic doses, acquired
4 premunition which appears similar to that which the natives naturally presented
iPlehn, 1901). Much later, in 1933, S. P. James, based on clinical observations
similar to those of Plehn, had adopted through the Malaria Commission of the
League of Nations the following proposal: Tt is preferable not to insiinite, in
subjects destined to live in a country endemic to malaria, an caergetic treatment
capable of deparasitizing the patient completely. In fact jt js desirable that,
clinically recovered, these patients retain a protecting atent infection. The
Malaria Commission concluded thus: It would be extremely unwise, in certain
malarious countries (Dark Africa for exampie), to intervene very radically in the
natural processes, thanks to which the natives are immunized against the disease ™.
The Malaria Commission * recommends to the malarious countrics to restrain
(hemselves, except the colleciive places under special conditions, to base their
medical and sanitary scrvices on the principle that, in matter of fight against
syalaria, it is necessary to aim at attennating the seriousness of the disease and to
reduce moriality rather than to have vecourse to radical measures which are
imnposed when the complete elimination of the parasite in a given region is sought
:Commission du Paludisme de la Societe des Nations, 1933).

This technique consists, in short, of using a protective vaccination by means
of an attenuated virus through a non-sterilizing drug cure, a procedure the
efficacy of which has becn demonstrated by experiments on P. relictum malana.

Tuberculosis.—The experiments of Calmette and Guerin, commenced in 1go6
on bovines, demonstrated for the first {ime that a single mild hacillary infection
Actermines in general an infection which remains benign and confers a manifest
1esistance to subsequent re-infections.  Calmette arrived at this conclusion that,
the durable tolerance, of cattle facing the tuberculosis infection, is a function of
the presence in the organism of the animals of living bacilli (Calmette, 1936).
At the same time be verified the {act, already established by different investigators,
that, tubereufons bacilli which are dead or the protoplasm of which has under-
yone profound alteration, have only a very fecble or no vaccinating power: They
are not, therefore, atilizable in practice for the protective anti-tuberculosis vac-
vination {Calmette, 1911). Calmette succeeded later, with his collaborator,
i. Guerin, in attenuating thc virulence of bacilli of hovine strain by cultivating
them for 15 years continuously in a culture medium constitated essentially from
the hile of ox.  These bilious bacilli had Jost all pathogenic power, and gave
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from the ouwser a prolection against infection by pathogenic bacilti. The applica-
tion to some human beings of the protective vaccination through the hilious virus-
vaccine of Galmette and Guenin (B.C.G. vaccine), generally applied in France and
i Algeria since 1924, has responded magnificiently according 1o expected results.

Syphilis.—I'. Ricord has alrcady stated, in 1863, that syphilis ** does not
doublc itsell” (Ricord, 1863). 'The critical proof of the existence of a premunition
iu syphilis has been brought home by the experimental researches of E. Metchnikoff
and E. Roux, undertaken in Paris, on anthropoid monkeys. They showed that
the kilted treponemes conferred no resislance to the monkeys, but that the living
microbes protected them against virulent incculation (Metchnikoff and Roux,
1()04.: 1905 11906},

E. Metchnikofl and E. Roux have proved that onc couid atrenuate the
syphilis virus by making it undergo several passages through the bodies of inferior
monkeys {Rhesus). They have found also an aitenuated virus in the human beings,
nrobably contaminated by monkeys.  Same experimental results have been con-
Armed in syphilis by their pupil Paul Salmon {Salmon, 1907) and in anthropoids
hy A. Neisser (Nosser, 1904).

Since long, same conclusions have been drawn from oumerous experiments
an syphilis inoculated to rabbits, and o white mice,  Uniform views, on premuni-
tton in syphilis, are explained by J. Bordet (Bordet, 1927:1934) and C. Bruck
‘Bruck, 1930].

Brucellosis.—The veterinarians knew lor a long time that the first abortion
caused by Bang’s bacillus in cattle protected them from subsequent abortions,
Th. Zarmmit and Edmond Sergent had observed that same is the case in goats,
regervoir of virus of undulant fever. The bacteriologists have thus sought to
vaccinate cows and goats against Brucella aborfus and B. melitensis. The vaccines
killed by ether or by other processes are lound to be ineffective.  Living vaccings,
attemiated by different methods, are employed.  Zammit, for attenuating a strain
of B. abortus, treated it by a filtrate of a one-month-old culture and passed through
Chamberland filter {rg32). W. E. Cotton, J. N. Buck and H. E. Smith have
been experimenting since 1915 on avirulent !iving vaccines, the first of which was
numbered S. 19. M. Lisbonne and G. Roman have been preparing with the
avintdent Strain 112 of B. abortus, a vaccine which they have perfected during
1939 L0 1043

Recurrent fevers—~-The spitochatcs, which pass through invisible phases in
pran ancd M vector insects (Scrgent, Ed. and Foley, H,, 1908:1950:19144:19145:
rgricig3g; Sergent, Fd., Gillor, V. and VoI(y H., rgriazignid), show long
neriods of metacritic latemy (Cdmnn 1923; Sergent, Andre, 1938b:1942; Sergent,
Ed., 1945). The recurrent fevers have not given place to the use of protective
vaceines. They recall o mind, the big deadly cpidemics which broke out, like
those which ravaged Eastern Furope alter the First World War. Edmond Sergent,
V. Gillot and H. Foley have shown that ** monkeys, mfﬂled with spirochztosis,
and treated by arsenobensol, present an immunity very early, against a latter
virulent inoculation {Sergent, Ed., Gillot, V. and Foley, G., 1g114).

Trypanosomiasis.—-Laveran and Mesnil wrote in 1912: “ There is place to
distinguish between the clinical recovery {return of the animal te health) and
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microbiological recovery, which consists in the complete disappearance of the
invading microbe,  The animal can appear recovered or cured when the microbes
persist in the host. There is then the state of muiual wlerance between the host
and the parasite 7. The authors do not cite experiments of vaccination (Laveran
and Mesnii, 1g12).

In 1921, Edmond Sergent and Etenne Sergent proposed a method of protecs
rive vaccination, by means of an attenuated virus by a non-sterilizing drug cure,
m camels of the mounted troops of Sahara, against the ™ debab ”, trypanosomiasis
which is the principal disease of the North African camels.  One could inoculate
small doses of virus to grazing animals, in whom they vemain for some weeks or
some months, and avert the acute attack by an appropriate medication, for example
with an emetic containing atoxyl,—in a manner to confer premunition from
commencement, withoutr risks (Sergent, Ed., 1949).

Piroplasmosis ~— Piraplasmosis of different animal species offers remarkable
types of premunition diseases, presenting a good deal of resemblance with malaria.
They constitute a wide ficld of application of protective vaccinations (Sergent, Ed,,
Donatien, A., Parvot, L. and Lestoquard, F., 1945).

In the course of their deep researches on Piraplasmesis of North Alrican catile
11g12-1945), Sergent, Donatien, Parrot and Lestoquard used, for vaccination
against Prroplasma bigeminum and against Babestellosis, small doses of virus vaccines
the virulence of which is measured beforehand.  Their protecting vaceine against
Theileriosiy in Dbovines {Theileria dispar) of the Mediterrancan Basin presents a
particular characteristic. Tt is a strain, called *“ Kouba 7, which is paturally very
benign, from the time of its isolation, when Theilerinsis is remarkable for its usual
serjousness.  The “* Kouba ™ strain has, therefore, been adopted as the virus-
vaccine,  Another anti-pitoplasmic virag-vaccine presents the characteristic of
conferring a generic premunition, and not only specific premunition. It is
Anaplasma centrale isolated i Nature by Arnold Theiler, which is avirulent from
rommencement and which acts as a vaccine against another species of the same
genus, Anaplusma mayginale, a highly pathogenic microbe.  This strain of dnaplasma
rentrale is preserved at the Pasteur Institute of Algeria, in conformity with the wishes
of Arnold Theiler, and is kept at the disposal of research workers or administrations
which may need it

Typhus exanthematic.—The hypothesis which H. Zinsser gave out in 1g34
for explaining the Brill discase, of a very long latent infection of typhus, is generally
admitted.  As shown by A. Donatien and F. Lestoquard for the rickettsiosis of
animals, the typhus and other buman ricketisiosis are the discases having long
atent infection und premunition.  See, on this subject, the thesis of G. Parrot,
14437 (Arch. Tnst. Pastenr d’ digerie, 15, Junc 1937, pp. 188-213%

H. Zinsser prepared, in 1930, with Castaneda, duting experiments on guinea
pigs, an cfficacious vaccine againgt typhus (European strain), by inoculating to
them a vaccine composed of Rickeltsia killed by formol, obtained from tissues of
mfected gninea-pigs (Zinsser and Caslaneda, 1931).

G. Blanc, M. Noury and M. Baltazard prepared in 1435 a protective living
anti-typhus virns-vaccine, avennated by Dbile, constituted by a suspension of
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Rickettsia obtained from organs of guinea-pigs infected with murin typhus {Blanc,
Noury and Baltazard, 1935:1930).

Since 1038, they are delivering a bilious virus-vaccine prepared from fleas
infected by rats with murin typhus {Blanc and Baltazard, 1947).

Paul Durand and Paul Giroud are preparing, sincc 1939-40, a non-living
anti-typhus vaccine with a suspension of Rickettsia killed by formol obtained (rom the
hings of antmals infected through the respiratory passage with exanthematic typhus
‘Purand and Giroud, rg4o).

H. R. Cox, whose first attempts date baek to 1938-39, has also produced
& pon-living anti-typhus vaccine, constituted by a suspension of Rickettsia cultivated
in embryo of chicken and killed by phenol and formol (Cox, 1041},

The non-living Durand-Giroud vaccine and the non-living Cox vaccine have
ihe vommon characteristic of conferring a real resisiance, but of short duration;
about six months in man. This brevity of acquircd rvesistance comes, no doubt,
when the typhus is not capable of producing a sterilizing immunity, but of premuni-
iion.  Lowis Parrot explained, through his hypothesis of residual premunttion
‘Parrot, 1455 the fact that a non-living vaccine can confer a state of resistance of
short duration against typhus.  Alter inoculation of the non-living anti-typhus
vaceine, a certain time is necessary for the host to re-absorb the balance of existing
antigens in the killed Rickeitsia. The veaction of the host of this residue of antigens
vlaces in it a state of premunition. Tt can be supposed that in contaminated
environment, hosts vaccinated by non-living vaccines which, due o this fact, resist
tor some months natural contagions,contract during this period of time, in Nature,
. latent infection which procures them a real premunition.

[bravirns.—Vaccimation against rabies, the first viral discase to be known,
nilers the only example of a vaccine which is inoculated during the incubation of
the discase which threatens the host, that i3 1o say, during the procritic latent
infection.  The virus-vaccine, in the original method of Pasteur and his collabora-
tors Roux, Chamberland and Theillier, was the spinal marrow of the rabbits
infected by rabics, the virus of which was attenuated by desiccation {Pasteur,
:1881¢:19g3).  Other virus-vaccines are prepared from brains treated by antiseptics,
in particular by carholic acid,

The works of numerous investigators have made known, since several years,
a large number of diseases of man, animals insects and vegetables, due to virus,
{iese investigations have also brought to light more and more existence, in these
virus discases, of stages of prolonged latent infection coinciding with a stage of
cesistance, of premunition--herpes, influenza, poliomyelitis, psittacosis, ete.  Somce
»xperiments of vaccination are in progress in several countries against poliomyelitis,
sither with Tiving virus vaccines (G. Blanc), or with non-living vaccines {(Salk,
P. Lepine). Joseph Forimer and Plaflenberg have been able to vaccinate some mice
against psittacosis with a living virus-vaccine, which sometimes gives an immedi-
ately latent infection; they have seen that a vaccine in which the virus was kitled
hy formol, conferred only a very fecble resistance,

The subjects premunished by a virus-vaccine which give them a latent infec-
fion are, by definition, carriers of germs, reservoir of virus. They can, therefore,
under certain circumstances, be the cause of epidemics or epizootics. The ideal is
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conscquently 1o prepare virus-vaccines, which, though ltving ones, are not
contagious under patural conditions. This ideal can be realized in several ways.
Thus the B.C.G., the proof of it is seen, is an attenuated strain by a definite method,
and cannot become virulent, Another example, is the hiemocytozoon Thetleria
dispar, agent of the most deadly of cattle piroplasmosis in the sub-tropics, which
iy transmitted by the bite of the tick Hyalomma mauritanicum, in which is effected
the sexual development of the parasite. Bur we have isolated strains from cases
of natural infection, which afier several passages from bovine to bovine effected
by inoculation of blood from sick animals, have lost the property of producing
gametocytes. They do not perpetuate themselves any more than by schizogony
in the blood of the successively inoculated hosts. Consequently, these strains
constitute obvious virus-vaccines which procure premunition in animals which
are carriers of schizonts, hut not of gamctocytes, and, therefore, are not capable
of infecting the ticks (Sergent, Ed., Donatien, A., Parrot L. and Lestoguard,
F., 1045).

Ttis observed in the premunished subjects that when intection comes altesh, all
the intermediate stages between a fresh attack and ““ latency from commencement ”
of the infection take place. Ordinarily, the reaction caused by the superinfection
is benign and marked by the suppression of clinical arrack, particularly of the
(ebrile attack,* Onc can know the parasitic attack only if it is revealed by micro-
scopy, or by culture methods, or by experimental inoculation to new and receptive
hosts.  ¥{ we do not utilize these laboratory fechmiques, the parasitic attack would
pass unnoticed. The perfection of techniques of examination reduces progressively
the threshold below which the latenr infection remains occult.

We designase: aceds de prémunis (attack among premunished subjects) as averted
attacks which a new infection provokes in the hosts vaccinated by a first attack
or by a virus-vaccine (Sergent, Ed., 19376; Sergent, Fd. and Parrot, L., 1938).

Tt is permissible to think that, according to the cases, very feeble and very
short attack which a new microbial infection can provoke in a premunished subject,
is due either o the awakening of latent parasites owing to disturbances caused by
re-inoculation, or to the moderate and transitory multiplication of the aggressor
parasites held in check.

In brief, the cssential character of the attack among premunished subjects
is 1o be less serious than the attack of primary infection. Even if the refractory state
ro superinfections conferred by the protective vaccination is nor absolute, but only
relative, the result of the vaccination is not less useful.

Pasteur has writien, in April 1881: *“ To preserve from attacks of virulent
diseases, it is not indispensable to place economy in conditions of absolute
immunity, but only relative ” (Pasteur, 18814).

*Inthe recurrent fever,the attack of the premunished subjects which were infected alresh present a special
aspect : the relapses, which constitute the essential charaeteristic of the disease, are lacking., FEdmond Sergent
and H. Foley have observed that six individuals who had been attacked in 1908 with recurrent fever, have
shown, six months fater, a recurrence of the discase doring new epidemics.  These recurrences have asumed
a particular clinical type, characterized by the appearance of only one attack without relapse, when in the
tirst atiacks of recurrent fovers the acute attack is usually followed by one, two, theee or exceptionally four
refapses (Sergent, Ed. and Foley, H., 19145; Sergent, Ed., 1934-19449}
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OBITUARY.
JOHN ALESANDER SINTON, van, o0k, M., 1use., FRGS.

Tue Indian malariologists, more partdeudarly the stall of the Malaria Institute
of India, express their profound sorrow on the sad demise of Brigadier J. A, Sinton,
the first Director of the Malaria Insticute of Tndia and the Founder Editor of the
Records of the Malaria Survey of India, now Indian Jowrnal of Malariology, following so
close upon the award of Manson Medal by the Roval Socicty of Tropical Medicine
and Hygiene for his contributions towards the building of the Tnstitute in the catly
stages, researches in malariology and founding of the Records.

The passing away of Brigadier Sinton, especially at a umce when the long
and arcuous research work on malaria in India to which he had made such
marvellous contribution has begun to bear fruit and the sapling of Malaria Institute
of India which he had laid with his hands has grown up to be a magnificent tree
bearing the huge burden of u National Malaria Control Programme, adds great
poignancy fo the sad event.  His demise has left a2 very wide gap in the field of
malariofogy which it may iake long 1o il in. His drcless cnergy, unstinted
devotion to the cause of medical science and able guidance even after retirement,
have been a sowrce of great inspiration to all workers, cspecially those who had
the privilege of working with him some time or other.

Brigadier Sinton associated himself with malaria rescarch in Indin soon aficr
the couclusion of World War I and made very valuable and voluminous contnbu-
tions to the malaria literature during the 15 vears he was in India.  His last article
 Some Jacunac in our knowledge of the malaria parasite ™ published 1n the Silver
Jubilee Number of Indian jJournal of Malarielogy Jast Decemeber, is an index of his
dedication to the subject cven at that age.

The foilowing appreciation by Sir Gordon Coveli, who had  succeeded
Brigadier J. A. Sinton as Director, Malaria Survey of India fnow known as Malaria
Tnstitute of Tndia), appeared in the British Medical Jornal dated April 7, 1956

* Brigadier J. A. Sinton whe had the unique disunction of being the only
holder of the Victorin Cross who wus also a Fellow of ihe Royal Society, died on
March 25 at his home at Cookstown, Northern Ircland, at the age of 71

John Alexander Sinton was born on December 2, 1884, in British Columbia,
His parents came {rom Ulster and be was educated at the Royal Belfast Academical
Institution and at Queen’s College, Belfast, where he was an cxhibitioner. He
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graduated M.B., Ch.B., with first-class honours at the Royal Universily of Ireland
i 1908, and after holding house appoitments atl the Roval Victoria Hospital at
Belfast he became Riddell demonstrator in pathology at Queen’s University and
chinical pathologist to the Ulster Eye, Throat, and Far Hospital and to the Mater
Tofirmorum Hospital. In 1911 he wok the Diploma of Tropical Medicine at
Liverpool and cntered the Indian Medical Service in the same year, taking the
firse place in the entrance examination, During the first world war he served in
Mesopotamia with an Indian cavalry regiment and was awarded the Victoria
Cross for most conspicuous bravery and devotion to duty during an action at
Sheikh Sa’cd in 1956, Although shot through both arms and through the side he
refused to go to hospital and remained as long as daylight lasted altending te his
duties under very heavy fire.  The citadon records that in three previous actions
he had displayed the utmost bravery, He was also mentioned in dispatches on
four occasions and awarded the Russian Order of St. George.  In 1919, Queen’s
Liniversity of Belfast conferred the honorary degree of M.D. on him in recognition
of Iis carly academic distinctions and of his valour in the ficld. Sinton was
promoted brevet major in 1919, and after the armistice he saw further active service
in Alghanistan and Waziristan, being again mentioned twice in dispatches and
appointed O.B.L. ip 1921,

On reversion to civil employment in 1921, Sinton entercd the Medical
Rescarch Department of the Indian Medical Service. He was in charge of the
Cuinine and Malaria Inquiry from 51921 1o 1930 and was Director of the Malaria
Survey of India from its foundation in 1927 untd 1936.  During this period he was
a member of the Malaria Commigsion of the League of Nations and made several
epidemniological surveys on its behalf.  When he returned to England in 1937,
he bacame Manson Tellow of the london School of Hygiene and Tropical
Medecine and Adviser on Mafaria (0 the Ministry of Health, and while holding
these posts he took part in researches at the Horton Malaria Laboratory.  On the
autbreak of the sccond world war he was recalled to active service and alter a brief
neriod in India was successively Consultant Malariologist to the Fast African
Forces, the Middle East Forces, and the War Office. He finally retired towards
ihe end of 1943 with the honorary rank of brigadier and returned to Ulster, where
he had an estate at Cookstown. He took an active part in public aflairs, being
a4 Justice ol the peace and High Sherift for Tyrone in 1953.

Sinton published more than 200 scientific papers, many of thern in collabora-
von with others, but all of them recording studies in which his was the moving
spirit as regards design and direction. Most of them dealt with various aspects
of malariology—chemotherapy, immunology, parasitology, laboratory and survey
icchniques, or sociological effccts.  He also published a series of 36 papers on
Indian species of phlebotomus, on which he was a leading authority.

His name was first brought into prominence by his chemotherapeutic studies
at the Malaria Treatment Clentre in Kasauli, where the properties of antimalarial
drugs were investigated for the first time on a rational basis. His demonstration
that pamaquin combined with quinine brought about a striking reduction in the
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refapse vate of vivax malaria was a finding of fundamental importance in subsequent
rescarches on the 8-amino-quinolines. His collaboration with H. W. Mulligan in
studics on monkey malaria formed the subject of series of important papers dealing
with the mechanism of immunity, Hc wrotc also a number of papers on the
host-parasite  relationships of human and simian malaria, on techniques of
cxamination and enumeration of parasiles, on their systematic position, and on
their reaction to drugs, as well as miscellancous papers on other protozoa. His
tircless energy is well exemplified in his Bibliography of Malaria in India, which contains
references 1o 2,200 publications, and by his well-known work entitled What Malaria
Costs India, which might indeed have been more appropriately called *° What
Malaria Costs the World , so comprehensive is its scope and documentation.

It was for his work on malaria and kala-azar that Sinton was clected F.R.S.
in 1046, but this was only onc of the many honours hestowed on him. He was
awarded the Amnti Memorial Medal of the Irish Medical Schools and Graduates
Association in 1917; the Chalmers Memorial Medal of the Royal Society of
Tropical Medicine und Hygiene in 1928; the Bisset-Hawkins Medal of the Royal
College of Physicians of London in rg44; the Robert Campbell Memorial Mcdal
of the Ulster Medieal Society (of which he was an honerary fellow) in 1946; and
the Mary Kingsley Medal of the Liverpool School of Tropical Medicine in 1949.
Only o few days before his death the Royal Socicty of Tropical Medicine and
Hygiene had decided 1o award him the Manson Medal.  In 1927 Qucen’s
University, Belfast, conferred on him the honorary degree of 1).5¢., and in 1952
he was elected Pro-Chancelior of the University.

The reputation which the Malaria Survey of India (now the Malaria
Insutne of India) carned in its early vears as a rescarch organization was due
chicfly to the able and encrgenic direction of Sinton, its first Director,  Under his
leadership it became a sclentific and training institution of world-wide repute.
He was a source of inspiration to all who came in contact with him, and his personal
charm and unlailing kindness will long be remembered by his many friends.

In 1923, he married Eadith Seymour Steuart, only daughter of Mr, E. 8.
Martin,  She survives him, together with a daughter of the marriage 7,

J.5.
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OBITUARY.
SIR MALCOLM WATSON, s, il LD, FLRPPE

Tur passing away of Sir Malcolm Watson at the age of 82 on December 28,
1955, ts deeply mourned by all who knew him and his note-worthy contributions
4y tropical medicine. He was a pioneer and outstanding expenent of malaria
contrel in many parts of the world.

Sir Malcolm joined the Malayan Medical Service in 1goo at the age ol 27,
The prospects of prosperity [rom the new and rapidly expanding rubber industry
were heing seriously jeopardised by devastating malarta epidemics,  Koss had just
then demonstrated the transmission of malaria through mosquiloes.  Watsen in
Malaya was one of the carliest pioncers 1o control malaria by proventing the
breeding of mosquitoes.  The results of his malaria control wilt remain classic,

Sir Malcolm had a broad outlook, an adaptability and willingness (o discover
weehnigues of civil engineering suited to control mosquito breeding, Within a
few years, the malaria peril to cxpanding rubber industry was hrought under
control under his supervision. The previously pest-stricken towns of Malaya werc
rransformed 10 health resorts,

Tn 1908, Sir Malcoim left Government service and scttled i eslate praclice
and became available as a public health consultant in malaria control and hygienc.
This was probably the only unique instance of a preventive medicine expert who
vractiscd his speaiality in private practice.  He returned to London trom Malaya
in 1928, He was the first Dircctor of the Malaria Department of the Ross Institute,
and Jater became the Director of the Institute when ic amalgamated with the
London School of Hygienc in 1933. In the capacity of the BDirector of the
Yepariment of Tropical Hygiene of the school, he visited India, Ceylon, Belgian
Congo, Rhodesia and scveral countries in Turop{ and South America and initiated
in some of the areas the application of his principles and (echniques of malaria
control.  He retired in 1942.  He was a well-known author of several books and
many scientific publications and was a member of numerous committees and the
reciprent of several honours,

In the passing away of Sir Malcolm, malariology has fost a stalwart leader
whose memory will continue to inspire posterity,
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STUBRIES ON NURIT STRAIN OF 2. FENOWLESE

Pare XI. Comparative situdies on gquinine and chloroguine
administered intravenously.

BY

Lipvrr-Cortowel, JASWANT SINGH, s.p., vhaBdin, poean{fing.),
ns. & w{London),

A PDRAY, mamas,
AND
. P NATR, poaws., e
{Malaria Institule of India, Dethi.)

| Marvcir 1, 1956, |

In an carlier publication, jaswant Singh, Ray 2 af. {19352} reporred that in
faivty heavy P. crromolgi infection in M. mudafla mulatie {rhesus monkeys), parenteral
nse ol chloroquine showed the best results. Comparison was made against
quinine, NAB, quinarsol, and mepacrine, all administered intravenously.

In the present paper, the authors have recorded their observations on the
relaiive merits of quinine and chloroquine, administered  parenterally, in M.
nudatie mulatta sulfferimg from severe infection with a virulent sirain of P, knewlest,

MATERIALS AND METHODS.

Host.- Two hundred and one healthy M. mdaite weighing between three
and six kg, were sclected for the investigation.

Parasite.——A newly isolated {Nuri) sivain of P. fuowlest - Jaswant Singh, Ray
and Nair, 1953; Edeson and Davey, rgrg) was used for the studies. The strain
is extremely virvlent, causes a rapidly developing infection which ultimately leads
to 100 per cent mortality,  Death usualiv follows between [our and six days onge
patent infection i established.  Prior o death, cell infection avained is usvally
between 7o and o6 per cente Hacmoglobinuria is more frequent at the terminal
stage.

R
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Autinedarials, - Yhe  andmalarsds wsed  were  quinine  bifiydrochioride,
chioroquine diphosphate ingectible (resochin) and chloroquine suiphate injectible
‘nivaguine). The dosage regimes adopted ranged from 1742 to 10 mg. base in
fhie rase of chlorequine and 86 1o 34°¢ mg. base in the case of quinine. The
recommended doses of these two drugs for human cases of an average weight of
70 kg. correspond to 571 and 86 mg.fkg. respectively.

Route and frequency of administration.—¥he drugs were injected inteavenously
amd onty one such dose was administered to each antmal.

Degree of infectivn.— Freatment was begun at various stages of parasizemia,
indicating the degrees of infection as shown below

Iy Group 1 Coll infoction 10 10 14 per cent (mld),

AN Group I . 20 to 39 per cent {moderate).

JINY Group ITT o 10 1o 54 per cent (heavy),

VY Group IV .- . Do to 79 per cent {moderately heavy)
iVy Group V o . o B0 per cent or over (extremely heavy)

Fhe resulis have been categorized groupwise.  Criteria for assessinent were
based on {a} prevention of the death of the animals; () complete clearance of
parasites {rom the peripberal circvlation; (¢} speed at which saeh clearance was
offected; {d) complete sterilization of blood-induced infection,

RESULTS.

Matd infegiion vimyy per cemt) ol infection. - With 1-42 myg. dosage, resochin
proved ineflective whereas tn two ont ol threc  monkeys, parasitc  clearance
pccurred between two and four days when treated with nivagiine.  But recrudes-
cenees were observed in 2-5 days alter initial clearance of parasitamia in both of
them. To the next higher dosage {2.5 mg.), complete parasite clearance  was
abserved in ol the threc animals under resochin treatment, and in two oul of three
under nivaguine. However, excluding the one that dicd during observanon
period, recrudescences were common in all the vemaining four.  In doses of 5
and 75 mg., parasite clearance occurred in all animals under resochin or
sivaquine.  However, complete steribzation was not observed in any.

The results observed in the group treated with quinine were inconsistent.
Out of t5 amimals treated with doses ranging from 86 to 34'¢ myg., parasite
Searance occurred oaly in two, one under 86 mg. and the other under 258 mg.
regime,  Apart from slight deceleration in a few, the course of infection procevded
nnhampered in the rest. The results are shown in Table I.

Moderate infecton (20 to 3g per cent cell tnfeciion).—Under the lowest dosage
regime, parasite clearance occwrred in one out of threc animals in cach group
treated with resochin or nivaquine, whereas with 2°5 mg., such dearance occurred
in 1wo out of three under resochin and none under nivaquine. In these dosages,
therefore, the result was somewhat inconsistent.  Under the schedules 5 and 7°5mg.,
narasite clearance was observed in all the animals.  However, recrudescences were
frequent except in three out of the total 15 treated with these doses {Table 13,
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. In none o) the ammals treated with guinine, there was complete clearance
from the peripheral circulation,

TasLr 1.

Fffeci of single intravenous admimisiration of vesoclin, nivaguine and quinine
agatnst Nurl strain of P. knowlesi af 10 to 19 per cent cell infection.

Desage Inurrremive, Larrorive, !Numb(-r of
T GIKE, o oo e e e il caths dut
ibasey,  Numherol | Daysof Number of I Parasise Relapse : to raxic
camimals, | death ! animals, | cleavance | (days) | cifeet
: {days). | {days}. :
Resuchin ..o 0 1-42 3 i 2,4,5, ! F :
Nivaguine 142 1 . 4 H 2 ! 24 25
Resochin 25 O R S NN ) 135
Nivagquine . *5 i 1 I ] i 3 i 34 6
Resochin ... © &0 i : 3 S T 14,6
Nivagnuine B i ' i bid ) 2400
Resochin 75 : ; i ; P 24 3,40
Nivaquine 75 n i 3 S N 2
Quinine ...} 8 2 24 [ 1%
tjuinine ... | ¥7-2 ! 8 12,3048 . i i
Q_uinine .+ ] I ; 3,8 1 | 2 K]
(honine ... ' 344 : : ; 3

*COne died of intercurrent discase during observation perioed.
ey died due (o anemia during observation period,

TapLe 1T,

Ejffect of « single intravenows admimistration of vesochin, mvaguine and quinine
against Nuri strain of P. knowlesi at 20 to 3 per cent cell infection.

Driigage INEFFRCTIVE. FrRenve.
Lrug IR TRE. (e v e e e R - Jedeaths due
‘lase). Numberof | Daysof Numberof | Parasite | Refapse | 10 toxic
| animals, :  death : animals, | clearance | (days} | effect
: {dlays}. o {davs).
Resochin ... 1 142 2 2,2 1 3 2
Nivaquine g2 2 : 68 ) : 3 i 2 :
Resochin ... - 24 l I i 2 { 2,3 0
Nivaguine 25 3 5,08 f -
Resochin .. 5} . h [ 2.4, 4% 24
Nivaguine s 3 [ T 3 5 % 6,7
Resochin ... AN . 3 i L ] :
Resochin ... 0 75 C 5 3 3,3% 411 ... !
Nivaquine 73 VR 3 a34 [ 609
Quinine LA 3 oL , -
" g2 37 284 i :
. 258 [ 3 E : i 2
. M4 I i 3 : ; r 2

Number of

*Infection was cured in one. .
Hnefiwe died of intercurrent disease during the ohservation period.
+0ne died due to anemia during observation period,
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fn many of the animals {reaed with chloroguine e quimine; in which
complete parasite clearance was notl sitained, there was some degree of deccle-
ration in the course of parasitemia and thus the life was prolonged by three to
{ive days.

Heavy infection (40 1o xq per ceni cefl wnfeciion).—In five ow of six animals trealed
with 42 mg. of resochin or nivaquine, there was no effect. In rhe remaining one
there was clearance after four days but recrudescences oceurred soon alter.  In
the rematning group under schedules 2°5 (0 775 mg., the cfleet was partial. In
majority of cases, parasite clearance was attained but in cvery group there was some
which did not react satisfactorily. None of the animals treated with quinine
responded well as parasite cleavance was not attained in any. In most cases
in which parasite clearance was not observed, life was prolonged by once lo three
Jdays. Details are given in Table ITL

Tasre [F1.

Fifeci of a single infravenvics admnisivation of resocking aivaguine and quinine
against N strain of P. knowlesi af 4o lo 59 per cenl cell infection.

{ Dusage Fuurerorive, Frrkcrrive, Nuither of
Uhreng. : [Ing_!kg_ S T L mmmemem e e poe s bt dhae
-+ {baseY.  Nwmber of | Days of [Number al § Parasite Relapre 1o foxic
. animals, deash | animals, | oelraranee T (days) elleet,
(davsy, i tdaysl
Resochin ... | 142 Booboane |
H i H i
Nivaguine 1-42 ¢ 2 21 : i 4 i H
: : ! 1 I
Resochin .. 13 : 3 .} R I
Nivagidme 300 t : 3 2 : 3,8F £
Resuch ., . Sy i I H 3 3.4 ) 4.0
Nivaguine . G H . * 2 25§
’ |
Resonhin - 7 i : u 2 2t 8
-3 ! ; 2 as P4
1
Nhvayuine Vi H s 2 | 3.4 .5
Quinie .. T IR RSO o
: ; : H
ST N
3 .
L 238 2 2y !
B 4 ' 1

*(One died due Lo anaemia during olservalion periad.,

1Oneftwo died of intereursent discase during the olsrevation period.
Maderately heavy infection (60 is 70 per cent cell infechion).—Iosage schedules
of ivg2 and 25 mg of chloroguine preparations were totally ineffective and the
course of parasitemia progressed unhampered. All animals died during the
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norpud scheduded period. The effect of these preparndons in 5 and 775 mg. was
aartial, similar 10 that observed nnder the  previous groups of animals (heavy
wfection). Ten myg. dose of resochin proved toxic to two out ol three monkeys,
Quinine was [ound to be totally ineffectve, The sesults are tabulated in Table TV,

Only in a few cases, lile was prolonged by one to five days in animals in which
complete parasite clearance was not altained.

Fanne [V,

Ffleci o singie mbavenowy adiuniiraion of resouinn, alvaquise and quinine
ngatns! Nuri sirain of P. knowlesi af 60 fe 70 per cont cell wnfection,

Prssage Fak Brsaorvi, Number of
Py, Comg kg e e e e e e oo wm o deaths due
asel. INumber of | Davs of  Number of b Parasite | Relapse ' to 1oxic
) T anhmads. 1 death | oaningals, Falearauce | idayvs) l cfect,
P [elavs), : fdays). I .‘
i . . : ;
Nnvagguine piy 3 : HRINT . ! ,
Rewoehiin i 3 I 026 L ! :
Nivagine 23 i I i : :
i i
Resochin . : a0 |' 3 : EN ] , 1’
Nivaguine a0 t ' 2 2 1,64 ‘l
Resochin . 570 2 :i A { 1% t
13 P L 5. 1,4 ;
Nivagung ' T K] ’ 4.2.2 . E
Rosochin . - g 1 ! . I' l 2
Lhinine L. S-h . E I thi ) - - i '
T8 TS O
N 254 3 A I ' |
TRy . I 3

*Koih died of anannta during olsereacon perisd,
CPhed of intercarrent disease during olservation period.

Sxtremely eaiy infection (B0 per cent cell infecitan or nver).--"The results are set
pui in Table V.  Parasite clearance was attained only in two out of 30 animals
weated with chioroquine preparations, and even then the results were inconsistent.
Both died subsequently.  The course of infeciion took the normal pattern in the
rest of the 28 movkeys and all died more or less within the scheduoled period.  The
results observed, aliey quinine therapy, showed equally poor results,



GO Studies on Nuri Strain of P. knowlesi.
Tasre V.

Fffect of single intravenous administration of resochin, ntvaquine and guinine
against Nurt strain of P. knowlesi af 80 and aver 8o per cent cell infection.

1

v Dosage [NI_-;I:'I-‘I,L- TIVE. | ]_ZFFEL:TWE. INum faer of
Prug. Vomg kg e e ideaths due
© {buse), ‘Numb( r oi Days ol [Number of' Parasite Relapse | 1o toxic
| animils. -, death | animals, | clearance {clays) elitet.
; -[ | (days). | | (days).
G e PP P |
; !
Resochin .. 0 142 | 3 | 0,00 | ’
; 1 | i
Nbvaguine 1-42 i 3 J 00,0 Iﬁ !
! ! ! H
Wesochin ... & 25 | N XU |
Nivaguine \ 25 | 2 ! 0.0 i ': 4i*
i ! f !
Rosochin .. Sl 1 Pooadn X | :
i i ' | 5
Mivaquine 5 1 ] I S ; i i I
Resochin .. ¢ AT 2 a3 S T
L s | !
} ey } HRIRY : i '
! | . i
Nevaguine o | 3 i,42 ! '
Resockin . b R 3
& Hdnine Beli 3 10,0
i ; i i i
LT 3 L ‘ I
i | ; :
W8 3 L, ' i
TR ; : ] '
! {

*1¥ed of intercureend discase during the observation periud.
Thied of anemia during the observation period,

The course of udection progressed rapidly in most cascs though in a small
nuinlier treated with the higher doses of chloroquine salts, life was prolonged by
w day or two.

DISCUSSION,

Puring the early stages of the infection {mild or moderate) a dose of 1442 mg.
of resochin or nivaguine proved incflective in most cases whereas 2'5 mg. showed
inconsistent results.  However, in most cases in which parasite clearance was not
altained, there was deceleration in the course of parasitemia and the life of the
animals was prolonged. Resochin appeared better in these dosages than nivaquine,
Doses of 5 and 7-5 mg. were uniformly cHective in the clearance of parasites from
the peripheral blood although recrudescences were frequent,
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When the infecdon  was heavy, doses of 142 and 25 myg, were usually
ineflective while 1he highes dosage schedules showed somewhat better results as
1wo out of three antmals under cach group responded well, and complete parasite
clearance was attained in them, while in the other there was deceleration in the
course of parasitemia and the Iife of the animals was prolonged,

In moderately heavy infection, the lower doses proved totally ineffective as
nelther ihore was any clearance nox deceleration in the course of parasitemia.
In the higher dosage schedules, only in a few animals complete parasite clearance
was attained while in others the patiern of infection was simifar to that secn in
untreated animals,

In extremely heavy infection, all the six dosage schedules proved ineffective.

From these, it would be ohvious that 1°42 mg. ol chloroquine, administered
gmn:ntera!ly as a single dose, was incifective even in mild infection whereas in

5 mg. the result was not consistent.  However, the iwo higher dosage schedules

r:, and 75 meg.} proved more or less uniformly suecegstnl in mild and moderate

infection.  Therefore, the dose of 5 mg./kg. should be considered as the minimum

cffective dose for single pareoteral therapy in P knowlesi infection during the early
stages {ap to abowt 40 per cent cell infecton) of the infection.

Subsequently, when the inlection had gone up to' 59 per cent cell infection,
everr the highest dosage regime did not show satistactory results in all cases.
Beyond 6o per cent, practically all desage schedules were meflective,

In 2-5 mg. dose, ont of six monkeys cach treated with resochin and nivaquine
agaimst mlld ind moderate m!erimm, only in one there was no effect in the
vesochin serics as against four in (he nivaguine series.  Excepting this, no appre-
cialle difference in action was ohserved in the relative merits of the two drugs,

The resulis observed alter parenteral use ol quinine, administered as a single
sose, were highly disappointing.  Trrespective of the stage of infection or the dosage
~uu dule useel, complete parasite clearance was not attaiped in 58 out of 6o animals.

Omly in those animals in which the infeetion was mild, theee was some deceleration
in the course of parasitiemia, therchy projonging the Tifis of the animals by two to
three days.  During the suim‘qm‘m stages of infection, the drug {ated to alter the
conrse of events,  In most cases, doses higher than 252 mg. proved somewhat
oxic to the animals,

Thus the overall pictuse appears to be that in P. Anowles: maluria, a single
mjection of quinie, irrespective ef the stage of infection, was totally ineffective
in doses ranging from 86 0 3474 me. ke Mare over, the highest dose was not well
olerated by the animals, Bul when animals were (reated with chloroquine
preparations, infeetion could be controled praciically w all cases with a single
miravenous injection of 5 mg. or more up to ¢he siage when ccll infection had
reached about gu per cent.  Beyond rhat and up to about Go per cent infection,
the resulls were inconsistent whereas above Go per cent the drug was totally in-
vffective.  From these studies, it shonid he cleardy evident that in the single dosc
parcnteral therapy, chloroquing s definitely more effective  than  quinine in
P knowlesi infection,

In heavy P eromslei infection, foswant Singh, Ray of af, {1953) observed
tirat the highest density attained was about 30 per cent, and a single dose 1+4 mg.
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of chloroguine, administered parenierally, broughtabout a reduction in parasitemia .
by about 78 per cent, by 98 per cent with 57 mg. and by g9-5 per cent with 1174 mg.
as against reduction by about 67 per cent with 86 mg. of quinine. Further, in
all animals there was complete clearance of parasites from the peripheral cirenlation.
Thas, though the maximum parasiic density atlained in this infection was observed
in be go per cent, doses of 174 mg. of chioroquine or 8-6 mg. of quinine were cffect-
ive in the clearance of parasites from the peripheral circulation. This is in
contrast to the observations made in P knowlesi infection in which these doses
proved otally incffective even in mild infection. This variation in reaction to the
same doses of the drogs in the same host, could be interpreted 1o be due to the
diflerent behaviouristic patiern of the two species of plasmodia.

But, in the final analysis, it may be said that whether in 2. cpromelgi or
P. krowlesi {up to a certain stage of celt infection) infection, parenteral administra-
don of chiloroquine proved superior to quinine, which is still considered by many
as the only remedy in serious cases of jalciparem malaria.  However, recent studies
in such infection have shown that treatment with chloroquine, administered
parenterally, is highly satistactory {Spickeall ef al., 1949; Scoit, 1950; Fellifle and
Jelliffe, 1g55; Mohr, 1953; Laing, 1955; Hamis, 1955; World Health Organiza-
tion, 1055). However, no report is available on the comparative studies on
parenteral chloroquine vis~a~vis quinine in serious cases ol falciparnm malaria.
Therefore, the final judgement regarding the superiority of one ever the other
must be held in abeyance unless such investigations are taken up.

One other interesting feature of the present studies is that no drug by itself
was effective once the cedl infection had reached 60 per cent or over.  These findings
confirm the observations reported by Ray {1g954) who reported that wnder such
circumstances, life of the animals could be saved by the concurrent administration
of antimalarials along with blood wansfusion.  Tn human malasia, Fairfey (1947)
had obscrved that when cell infection reached 20 per cent or over in faleiparum
malaria, the course of infection was invariably latal. This further indicates the
need ol transfusion of blood in serious cases of malaria, besides parenteral
admimsiration of drugs like chloroquine or guinine.

SUMMARY.

A single dose intravenous injection of resochin and nivaquine in 14 (0 10 mg.
per kg, [hase) doscs, and quinine ip 8:6 10 34°4 mg. doses, was administered to 2oy
monkeys o test their eflicacy agaipst various degrees of parasitomia ranging above
10 per cent cell infection in Nuri strain of P. &nowlesi.

Trrespective of the stages of inlection, quinine was incifective in all the doses.
Resochin and mivaquine in 5 and 75 mg. doses proved uniformiy successiul in
mild and mcderate infections (up to 40 per cent cell infection).  Between 4o and
6o per cent cell nfection, the effect of the two drugs even in the highest doses was
not satislactory.  Beyond 6g per cent, all dosage schedules were ineffective.

- Yive mg./kg. dosc 15 considered the minimal cffective dose of resochin and
mvaquine for single intravenous therapy in P, &rowlest {Nuri strain) inlection.
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STUDBLES ON NURLD STRAIN O 720 ANOIFLISE

Part XII. Bleeding and coagnlation time znd thrombocyte
count in trophozoite-induced infection.

fiy

{0 NAIR

AN
ALK, MENON.
{ Malana institute of indiw, elin.
PMarch 13, 1996,

In a previows report, Menon and Nair {1955) recorded the wial erythrocyle
and lencoeyle counts, hiemoglobin concentrations, saline [ragility of cells and
body temperature of M. mulatte mdatia prior and subscquent to inoculaing them
with blood forms of Nusi strain of 2. fuewlesi.  Subscquentdy, Menon and Naiv
‘1g50) studied the changes in orythrocyte sedimoentanion rate during malarial
attacks caused by the same species of parasite. The present paper records, on a
similar line, the bleeding and congulation time and thrombocyte count in normal
and infected AL nwlatla mulatta.

METHODS AND MATERIALS.

Forty-three M. mulatia mudatia were used o (his exporimcent and they weighed
butween three and eight kg Blood was drawn for the purpose ol investigation in
the mornings during the summer monis (April to July, 1955} in {asting condition,

Tn most of (he cases, the blceding and coagulation tme and thrombocyte
counts were made once before infecting themn  After that they were inoculated
intravenously, o't to five miflion parasitized erythroeyles per kg body weight of
the animal, from donors harbouring heavy infevtion with Nwit strain of P. Lnowlesi,
During the prepatent period, these observadons were made for one to three days
and thereafter during patency, once duih in the majority of the cases Ul their
death,

Procedure adopted for thromboeyie vount was similar to that for ervibrocyte
count by the direct method (Napier and Das Gupta, 1oq2).

O N T

.
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Blecding tme was determined by Duke’s method {Napier and Das Gupta,
syg2t. Blood was obtaiucd from the car lobe, and at every ten or hifieen seconds
hlots were made of the hlood which flowed out on strips of soft Alter paper untl
the entire bleeding stopped.

Cougulation time was delermined according o Lee and White modified)
micihod { N’xpwr and Das Gupta, 1942).  Five c.c. blood was withdrawn from the
dorsal Jeg vein into a dry syringe.  The dme when the bieod entered the syringe
was noled.  One c.c. of blnod cach was put into three small paraffined test tubes
113 inch in diameter) kept ready in a water bath at 57° O, These tubes were taken
il in ralation [rom the bhath, at intervals of hall a minute or even less, and the
somtents were titted to see whether the blood bad set.  This was continued until
he tubes counld be inverted without displacing the clot.  The time lrom the entry
of blood into the syringe until it was found 10 have set, was noted.  The average
A the ihree readings constituted actual cougulation time.

Blood smears were made at the urzw of drawing biood and examined for
majaria parasites afler staining with J.S.B. (Jaswant Singh and Bhatvacharji,
jo3s). Parasite density was determined during pateney and expressed as the
aumber per Yo,000 ervthrocytes,

The means of the hleeding and clotting times and of thrombocyte counts
were  caleulated  for the different periods (1.e. preinoculanon, prepatent and
differcnt days of patency) and their standard crrors worked out.  Finally whether
the findings obtained during the prepatent and patent periods were significantly
different or not [rom the preinoculation figures, were determined according to
Fisher’s 17 tost.

RESULTS.

Details of the findings are given in Table I, The meay morning parasite
vount on the first day of patency was 114 1.66.  The count gradually went up on
hie subsequent days, and on the {ifth day it was 3675 . 1044°7.

Bleeding time.-—Bleeding tume recorded during the whole investigation ranged
from :5 to 510 scconds, The mean observed during the pre-imoculation period
wits 4871 --2'7 seconds,  General reduction in this timing was observed during the
different days of infection and ultimately on the last day of infection, it was only
31°2 1-8'2 seconds. Statistical analysis shows that this reduction obscrved on the
different days, except during the prepatent and fourth day of patency, was
significant when compared to the findings dumlg the normal stage. However,
ere s no clear evidence to show Wiat there is significant reduction in the blceding
ame on the snceessive days after inoculation,

Coagulation time.—-The mean coagulation time before inoculation of the
monkeys was observed to be 2351 87 seconds. This time, for all days alter
inoculation (156 to 180 seconds), was significantly less than the normal but here
again the (hf]ct ence in the mean between the successive days was hot significant at all,

Thrombocyte conpt. - -Normal platclel count was observed 1o he g9,%00. | 4.200.
Dunng the prepatent and patent periods of infection, the average count ranged
from 37,200 to 1,00,%0 bul the differcnces between these means and the
ureinocylation mean were nol statistically significant.
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Riceding and coepnlation wme and platelel count of M. ndatia mulacta prior
and subsequent to inoculaling them with Nwt sirain of P. knowlesi.

: % 2 Morning BresoiNg rii DA GLLATHON TN LA LELET COUNT
fuvestigailon | -3 . parasites [LCONDE] _' TEECONDS) ;' f'!'lfr)l'\'!\]\‘l)s)
p,.r;(,d ; = E COUNTPOT e e o mm e lememime oo em e e e e e .._._i_..,__.__,_.._
D Bk fgaen L Range | Mean . Range | Mean Rdriq’r | Mean
DB erytheocytes | i § - | ;
~ (Mhm) ; i ! I
Preinocalation s 42 Tusoite |-yt fdm-m | 936442
; | I i P 4
: : 1 i [ ] .
Prepateni Do D201B5 E AN L] B0 PTG D eaEtn | HHE RO 2T
: : : i | i :
Paseat : | I i i
Fimt dav 1 e | 14 Lo PRy CEEACT 4 20y 923N TS, T T ? =120 { HHRAE S LA
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DISCUSSIOGN.

in man, neonad Dlecding (ime 58 one o thiree minates andd coagulation dme,
three 1o six minales [Nd])l(l and Das Gupla, rg42). I.“hlomf.)ucylc, count is
considered to be 2,50,000 to g,50,000 (Todd, Sanlord and Wells, 1953). The
mean bleeding time of 4841 -1:2+7 seconds and thrombocyte count of 43,800 14,200
per comm. recorded in non-infected AL nudatie mulatta in this investigation, are
definitely less as compared to the homan standard.  In man, thrombocyte count
is generally less in the direct covnt and more during winter and when onc ascends
ro ligher altitndes (Todd, Sanford and Wells, 1953).  With regard 1o the present
investigations, the counts were made in Delbi during hol summer months by
following the direct method.  Perhaps these factors are partly responsible for the
low counts obtained by the authors.

There i3 not much published information an the changes brought about in
the bleeding and clotting time and platelet count  during malarial  attacks,
Mikeladse {1924} observed that bleeding time in this disease was hittle altered,
Maslova (rge4) noted reduction of the coagulation time and decrease in platelet
count during malarial paroxysm, The present investigation, however, indicates
tnat in P. kaowelest {Nuri strain) inleciion, there is no alteration in the thrombocyte
count but there is shight but signtficant reduction in the bleeding, and coagulation
time. Mo the latter case, the Feduction was observed botl during prepatent and
patent period, but in the former it was noticed only during patent infection.  Only
very great variations in o thrombocyie count have clinieal significance.  Great
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seditiction in thromboeyte 1s generalty assocticd with prolongacion in bleeding anre.
shortening of coagulation time may be due to deficiency of antiprothrombin and
is significant only in rcation to possible thrombosis.  In malaria, thrombosis of
the capillaries of brain bas been reporfed by Thomson and Annecke (1926}
‘Phayer {18g9); Dudgeon and (larke {rg17); Spitz (1946) and Marchiafava and
Bignami (1804).  Aceording to Paisscau and Lemaire (1916), similar lesions
ocenr i awdrenals. Heart {Markal, 1946); hver {Duodgeon and Clarke, 193%%)
and spleen {Barker, 1805) also have heen reported as the seat of such pathological
esions In malaria. But ovidence of thrombeosis is not very convineing in the
adrenals, heart and fver capillaries according to Maegraith {1945); in spleen
avcording to Cralg (190g) and Deaderik (19:1}; and in brain capillaries according
ar Gaskell and MiBer (sg20) and Rigdon (1944). The present observations
segarding reduction in bleeding and coaguwlation time in P. knowlest (Nuri strain}
nfection, though may be taken as factors helpful in intravascular thrombosts, the
same does not sapport fully the formation of this pathological lesion as the above
hiematological changes were not found o progress proportionatdy to the degree
of infection in the apimals. Tt s dificult, therefore, to deade from the present
jindings also whether real (hrombosis could ocenr in P. knowlest infection,  Again
in P, knowlesi inlection, with the appearance of parasites in the circnlation, massive
precipitation and agglutination of the circulating red cells, has been recorded
“Kniscly et al., 1945). This changes the blood into a thick slndge and this, in turn,
decreases the rate of blood flow. Whether shortening of bleeding and clotting
dme in Po knowlesi infection has anyihing 1o do with the sludge formation in
P, knowlesi, 1s not understood. The above two aspects {thrombesis and sludge
‘ormation), however, deserve firther clarification,

SUAMMARY.

Bleeding amd coagulaton vore and thrombovyte coust were studicd n
M. wdefte mulatia (5. vhesws monkeyst both before and subsequent to wnoculating
them with blood forms of Nurt strain of P, knowlest,

While ne change was noted in the thrombocyte count during the cnore
period of Investigation, there was sfight but sigeificant reduction in the bleeding
and coagulation time during the pertod of infection,
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STUBES ON NURT STRAIN OF P2, KNOIWLEST

Part XI¥L. Blood sugar in monkeys (M. mulatia mulatty)
with P. knowlesi (Nart strain) infection,

By

Laper-Cororss JASWANT SINGH, v, chusBdint, poeor, i klng),
oM. & 15 .ondrm

L O BASU, v prou & on
. PoRAY, wonss,
AND
. POONATR, noas, wpai
(Malaria Instinde of India, Iiln
[ My 3, 1998, |

sivrox and Kebar (1931} veported tha blood sugar incrcased during the
acwe stage in human makaria (P, sivax, avd P, falciparum infection).  But a ]qwc
sumber of workers failed o observe any such increase (Ruge, 1935; Petcrscn,
1926; Flost, 1944). However, in P knowlest indiclion in M. nudatla mulatta (rhesus
monkeys), it was shown by Fulon (1939) that there was hypoglycemta, There
being an clement of doubt as to the level of blood sugar in malarial infection,
atempts have been made during the present csperimental investigations to
correlate the degree of parasitemia and the level of blood sugar in M. mulelfa
infected with « virulent strain (Nuri) of 2. knowlesi { Jaswant Singh, Ray and Nair,
1954; Edeson and Davey, 1g53).

MATERTALS AND METHGDAS!

flost.- - Fifteen whercalin negaiive M. wudatta mnfaile monkeys weighing
botween ¢ and g.5 kg, were uidlized for these investigations. The diet provided
to the animals consisied of grams {r-25 oz.), wheat flour in the form of chappatis
{050 oz.}, and vegetable or fruits (2200 oz.).  The total calorie value was between
b0 and Boo.

T
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Parasite.— The monkeys were inoculated intravenously (through the dorsal leg
vein) with an effective dose of 5 x 10° parasitized cells {(Nuvi strain of P. knowlesi).
Asg a rule, the dosc proves fatal to the animals in five to six days from the date of
inoculation {o-day)., The cell infection reaches between 60 and g6 per cent.

Blood smcars were collected cvery four hours and in cerfaip cases only once
a day. The degree of parasitemia was assessed by counling the number of parasit-
ized cells per 10,000 erythrocytes.  Ehrlich eyepicce was used for the purpose.
Smears were stained with [, 5. B.

ESTIMATION OF BLOOD SUGAR.

One t¢ two mg. of neutral potassivin oxalate per c.c. of blood was used as
an anticoagulent. Technigues for obtaining protein-free blood filtrate and for
the cstimation of blood sugar were after Folin and Wu {1919:1920). The proteins
wi the whole blood were removed by precipitation with tungstic acid and filtered,
The protein-free filtrate was heated with aikaline copper solution using Folin-Wu
tubes to prevent reoxidisation. The cuprous oxide formed was treated with a
phosphomolybdic acid solution, a bluz colour being obtained which was compared
with that of a standard. For photometric measurement, instead of visual colori-
meter, the Klett summerson photo-clectric colorimeter was used.

A standard corresponding to a 200 mg. per cent blood sugar was used.  The
conceritration of sugar in mg. per cent in the unknown blood sample being obtained

by the calcu}a_lion ...... 200 i reading of the unknown.

GLUCOSE ADMINISTRATION.

When glucose was adminisiered, it was in the form of 23 per cent dextrose
{The Nauonal Laboratory, Amritsar} solution introduced through thie dorsal leg
veln,

Belore undertaking investigations on infected animals, obscrvations were
madec first on the blood sugar level in normal M, mulatia mulatta,  As such, experi-
ments and results were categorized under two groups.

I. Studies on normal M. mudatta.
11,  Studies on infected AL, mulatia.

EXPERIMENTS AND RESULTS.
L STUDIES IN NORMAL M. MULATTA MULATTA,

) Determination of fasting blood sugar values.—Blood sugar was estimated in
4o fasting blood samples obtained from ten different normal monkeys on two to
three consecutive days. The distribution of fasting blood sugar vafues is represented
in Chart 1. The highest value obtained was 10g mg. per cent and the lowest was
648 mg. per cent.  The maximum number of values lay between 75 and 100 mg.
per cent,
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CHART 1.

Fasitng blood sugur welues in normed M. nueladia smonkeys.
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B)  Determination of blpod sugar values ab g-howrly infervals—Blood samples
were collected at interval of four hours {from five normal monkeys kept on standard
diet, and the amount of sugar determined. The values obtained in  different
monkeys at different hours are represented in Chart 2. A toial of 30 samples were
involved in these studics, At 08-00 hours, the blood sugar values from all the five
monkeys were between 6g-4 and 834 mg. per cent and these values may be taken
as fasting blood sugar values as the morning meals were given at about 0g-00 hours.

THARY 2,

Fous-hourly defermination of #iosd supnr in froe monkeys | Normad ).
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At 1200 hours, the blood sugar values ranged between 64°8 and g4-4 mg. per cent.
At 1600 hours just prior to the sccond meal, the range varied from 62 to 84-2 mg.
per cent. At 2000 hours, the blood sugar values fluctuated betwcen 75 and
43'5 mg. per cent. At 0000 hours, the values were between 72 and 111 mg.
per cent whercas at 04°00 hours, the blood sugar in the monkeys ranged between
7177 and 111 mg. per cent.  Thus, it would be observed that blood sugar in the
monkeys did not drop lower than 62 mg. per cent nor go higher up than 111 mg.
per cent during the 24 hours observation.
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(CQ)  Fiffect of a single intravenous infection of glucose on the blvod sugar level--
wo dosage schedules were adopted.  One batch consisting of five monkeys were
injected with o025 gm./kg., while the other batch of five reccived o5 gm./kg.
samples of blood were collected one, three and five hours after injection, in addr-
tion 1o the fasting samples obtained earlier. A total of 40 blood samples were

Jealt with, Results have been shown in Charts 3 and 4.

Phetermination af blood sugar in 5 norpad moukeps U fonr, 3 howrs, 3 howes after inttavenons glocose
infection (single Injection)y.
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In the first batch, three antmals showed an appreciable tercase of blood sugar
tevel one hour afier the injection.  The range varied from 100 to 123 as compared
10 Bo to 100 mg. per cent of fasting sugar level.  Bat in the other two, there was no
dse.  Samples collected three hours after glucose admunistration, showed an,
appreciable degree of fall in all the five animals, The level was observed (o he
between 50 and 75 mg. per cenl. The readings recorded five hours after the
mnjection, showed that the level had come within the normal range.

In the second batch, all the five animals recciving o5 gm./kg. of glucose
showed a high level of blood sugar which was maintained at 79 fo 124 mg. per
cent in the first and third hour samples. The fasting level was recorded to be
G474 to 103 mg. per cent.  In samples, collected five hours after injection, the level
Yind reached within the normal 24-hours range.

(I Effect of g4-hourly intravenous adminisiration of o5 gm.}ke. of glucose on the
dnod sugar level —

(¢} For a period of 24 hours.—Five animals were placed under this group and
bload saraples were collected at interval of four hours each time just prior to glucose
injection.  The dose of o'e5 gm./kg. was discarded as the rise in bloud sugar level
wag not uniform.  Altogether 20 samples were involved. The Jevel ranged between
6586 and 137 mg. per cent (Chart 5) as compared to the data {62 to 111 mg.
per cent) observed in 4-hourly samples in animals which had received no glucose
‘Chart 2).

{2) For a period of six days.—In this serics, 34 samples were examined from
one monkey. A dosc of 0'5 gm. fkg. of glucose was administered every four hours.
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CHART 5.
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Side by side, blood sugar was estimated at fow-hourly intervals,  Throughont
(his period, the Towest blood sugar Jevel was 7o mg. per cent and the highest was
110 mg. per cent. Majority of the values remained above 9o mg. per cent. The
resolts are presented in Chart 54,

CHART 54.

fogfred uf intreoenouy ylueose ou the blood sugar fevel in o normal mondiey.
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Loy Bstimation of fasting blood sugar.--Observations were taken up in four
monkeys and fasting blood sugar estimated on three to four consccutive days prior
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to inlective inocelation.  Subsequently, cstimation on fasting level was carvied out
daily throughowt the coursc of infection, except on five occasions when it was
missed once for each of three out of [our monkeys, Altogether 33 samples were
involved. Side by side, records were kept on the degree of parasitemia. The
blood sugar level and the data on parasite count have been shown in Chart 6.

THART 6.

Fasting blowd sugar an consecutive days e P, kaowlesi infection,
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Prior to infection, the fasiing level was recorded tobe between 65 and 85 mg.
per cent which lic well within the normal limits. During the course of infection,
it was observed that in three out of four subjects the level was maintained within the
normal Jevel during the first four days. However, in the fourth animal, the readings
sitowed a progressive downward trend. The fifth and sixth day readings in all
the four animals indicated a precipitous fall which varied between 12-7 and 40 mg.
per cent,

Record of parasite count showed that although during the first four days
the count was comparatively low {15 to 25 per cent), on the fifth and sixth days
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afler inoculaiion fwhen the animals survived that long), cell infection had gone up
10 68 to 8o per cent,

{BY Estimation of g~hourly bivod sugar. - The studies were undertaken in two
monkeys and blood sugar estimated in bo samples collected prior and subsequent
to infective inoculation.  Parasite count was carried out throughout the course of
infection.

Tt was observed that the course of parasitenia and blood sugar level was
inversely proportional, particularly at the terminal stage of infection.

Tn one animal (6282}, the degree of parasitemia upto Day 3 was between
t and 10 per cent, and the blood sugar fevel was reaintained between 7o and 105 mg,
On Days 4 and 5, the parasite level graduvally increased from 45 percent on Day 4
to fo per cent on Day 5. During this period, there was a progressive fall in blood
sugar and the lowest level attained was about 1¢ mg. per cent at 2o0'00 hours on
the fifth day.  Subsequently, there was a slight rise a few hours before death.

In the sccomd monkey (6285), the parasite count ranged between o and 12
per cent up to Iay 4, and the blood sugar level was maintained between 70 and
110 mg. per cent. Up to 16:00 hours an Nay 5, the blood sugar ranged between
72 and 125 mg. per cent when parasitemia gradually increased from 5 to 15 per
cent.  Subsequently, as the cell infection increased rapidly to 65 per cent there
was a precipitous {afl in blood sugar level to 15 mg. per cent. The blood sugar
Jevel and data on parasite count have heen shown in Chart 7.

(C)  Studies on the effect of 4-hourly intravenous glucose administration on the blood
sugar level during the course of infection.—--Glucose administration (o-5 gm. kg.) was begun
every four hours, in two monkeys soon after infective inoculation. Filty-six biood sugar
determinations were made. Tt was observed that up to 1600 hours on Day 4,
in one monkey the level of blood sugar ranged between 70 and 140 mg. per cent.
The cell infection attained by that tme was 70 per cent. But at 20000 hours on
the same day, when the celt infection had rcached 8o per cent after the last
sporulation, the blood segar fevel attained was still 105 mg. per cent.  As the
animal died soon after, lurther ohservations could not be continued.  In the other
monkey, the blood sugar level was between 7o and 105 per cent during the first
four days. The maximum cell infection at the end of the fourth day was recorded
to be 5 per cent.  On the fifth day when cell infection had attained 75 per cent,
the blood sugar level {al 0oroo hours) was recorded to be g5 mg. per cent. How-
cver, at 20°00 hours on the sixth day, the cell infection atrained was go per cent,
the blood sugar level had reached 23 mg. per cent, though the lowest level attained
on the same day was 5 mg. per cent {12 noon, prior 1o sporulation). The results
are presented in Chart 8,

HISTOPATHOLOGICAL FINDINGS.

Picces of liver were removed {rom all infected animals soon after death to
study the changes in the organ.

The salicnt microscopic features in all cases were varied degree of centrilo-
bular necrosis, fatty changes of the parenchyma cells and dilatation or rupture of
tbe central hepatic veins. — The sinusoids were found to be invariably packed with
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CHART 7,

Rlood sugar salucs and paasitoemia in I, knowlesi infection,
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parssitized colls, cell debris, pigments, leucocytes and swollen kupffer cells coutain-
g varying amounts of phagocytosed materials,

DPretails of parenchyma changes in infected animals, treated with glucose and
those which were nol, will he reported clsewhere.

DISCUSSION.

The fasting blood sugar level m go samples obtained from 10 normal
M. wndatio mulatta was observed 1o be between 648 and 109 mg. per cent though
the reaximum nwmber of values lay between 75 and yoo mg. per cent. Blood sugar
tevel estimated every Tour hours, showed a range belween 62 and 111 mg. per cent
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In P, fnewlese solection, which runs o progiessively rapid and fawl course,
the voll infection attains as high a Jevel as go per cent or over within a period of
five to six days after infective inoculation. The daily fasting blood sugar level
in these monkeys, prior and four days subsequent to infeclive inoculation, was
found to Dbe within normal range in three out of four monkeys. However, a
progressively downward trend was recorded in the fourth animal from the day
after inoculation.  On the fifth and sixth days, dwe fadl in blood sugar was precipi-
rous in all animals and the level attained at the final stage of infection (sixth day)
varted between rz-7 and 40 mg. per cent.



130 Studies on Nurt Stram of P. knowlest,

The bivod sugar level estimated from samples obuained overy four hours
from wonkeys intecied with P. knowlesi showed a striking inverse correlation with
the degree of parasiemia during the terminal stage of the inlection. It was
mdicated earlier that the blood sugar level from 4-howrly samples in normal
animals fluctuated between G2 and 111 mg. per cent.  In infected animals, it
ranged hetween 70 and 110 mg. per cent, that is well within normal Himits during
the first three to four days alter infection,  But, on the Ofth and sixth days, there
was a rapid and progressive fall in Dlood sugar and the level reached much below
he normal limits (12 t0 5 mg, per cent).

Thus the overall picture appears to be that up to 30 to 40 per cent cell
infection, the blood sugar level is well maintained within the normal Iimits.
Thercafier, hypoglycemia scts in, and once established, it becomes progressive
ill the death of the animal. Waorking with a strain of P. kmowiesi onginally
solated by Sinton and Mulligan (1932), Fulton (1939) reporied similar fall in blood
sugar but in his serics the vxtent of hypoglycmmia was not as severe as observed
uring the present investigation, This could be duc to the difference in the strains of
olasmodia used.  Marvin and Rigdon (ro45) also reported similar fall in blood
sugar during the teyminal stage of F. loplare infection 1n ducks,

During the course of these investigations, it was observed that al the terminal
stage of the infection (fifth and sixth day) the mtake of foad was very Jittle specially
on the last day.  That the fall of blood sugar noticed in the previous investigations
was not merely duc to dietary deficiency, particularly of carbohydrate, was revealed
in the subsequent studies in which estimation of blood sugar was undertaken in
gormal and nfected animals after administration of glucose,

In normal animals, a single intravenous dose of o-25 gm.ikg. of glucose did
nouL present a vaiform piciure whereas with o5 gm./kg. the blood sugar level was
iound to be maintained at a higher level than normal (79 to 124 mg.} in all
animals up o the first theee honrs,  Therealier the level fell within the pormal
wmits,  Four-hourly blood sugar estimation in normal animals receiving o5 gm.
ol glucose cvery lour hours, showed a high level maintenance between 686 and
137 mg. per cent as compared to 62 to 111 mg. per cent observed in normal animals
which did nol receive any glacose (reaument as indicated carbicr.

The findings in infected animads (reated with 05 gm. intravenous glucose,
adwinistered every four hours, were somewhat interesting.  Up 1o fourth day, the
blood sugar level estimated cvery four hours showed a high level maintenance,
simiar (o that seen in uninfected animals, The same was observed on Day 5 n
respect of once animal {the other having died at the end of the fourth day), cven
though the parasite level had reached about 80 per cent cell infection.  But
subsequently there was a meteoric Tall in the sugar level, the lowest value recorded
being 5 mg. per cent in spite of glucose administration.  'The animal died at the
=nd of the sixth day with about g6 per cent cell infection,

From these observations, it was cvident that the blood sugar level was
maintained at a higher level in these series of apimals during the first five days
iin spite of progressive infection} as compared to those infected animals in carlier
series which had o glucose treatment.  But, al the terminal stage there was a
capid [all in blood sugar level in spite of glucose administration.
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It is, therefore, interesting (o note that m all cases o P fnowlest infection,
there was a rapid fall in blood sugar level irrespective whether the animals were
treated with glucose or not.  Bul hypoglycamia set in somewhat carlier in those
animals which had not received any ghicose injections,

Tn this connection, it may be mentioned that in an carlier investigation,
Ray {rg54) bad reported that necrosis of the liver parenchyma round the central
veins was invariably found in £. knewlesi infection and that centrilobular necrosis
was a dominint fealure when the cell infection had astained 70 per cent or over.
Under such conditions, practically all lobules were involved and in almost all cases
the necrosis had spread well beyond the midzonal region. During the present
investigations, liver specimens were examined and somewhat similar necrotic
changes of the liver were observed.

At the terminal stage of infection when the parasite count is high and there
is gross damage to the liver parenchyma, the blood sugar level goes down far below
the normal standards.

As to the factor or faciors responsible for whe fall of blood sugar, it would
be argued thai hypoglycemia was on account of increasing demand for sugar
by the rapidly developing parasites.  According to Fuolion (1939) the cause of
hypoglycemia in P. knowlest infection could probably be due to one or several
factors like loss of storage capacity of the liver, reduced carbohydrate intake or to
demands made on the sugar. Maicr and Coggeshall (1941) were of the opinion
that glucose is an important factor in the metabolism of plasmodia, Were the
demand made on the blood sugar by the rapidly increasing parasitzmia the only
factor, it would be difficult to explain the picture observed during the first three to
four days of the infection. During this period, the density of plasmodia has been
lound to be increasing progressively up to 30 to 40 per cont cell infection and yet
the blood sugar leved fluctuated within limits observed in normal animals, instead
of slowly going down as should be expected.  Again, in spite ol g4-hourly glucose
ircatment, there was still a sudden fall in the sugar Jevel at the final stage of
infection.  Further, it may be noted here that unlike P. lophwre infection (Marvin
and Rigdon, 1045), parasitemia in P. knowlesi infection malarta increases rapidly
in spite of the terminal hypoglycemia.

On the other hand, Marvin and Rigdon (1945) interpreted that severe
hypoglycemic coodition observed in P, [spiure infection in ducks was as a result
of anoxia which brings ahout liver damages. Tt had already been indicated that
gross liver damage was invariably present at the terminal phase of P knowlesi
infection.  The abrupt fall in blood sugar level seemed to coincide with such liver
changes, Although centrilobular necrosis was reported even at a stage when cell
inflection had attained 30 to 50 per cent cell infection, the degree of damage was
not severe as scen at a stage when cell infection had reached 70 per cent {Ray,
1954}, Since liver can maintain normal functions until the lesion is very extensive
{Himsworth, 1g50), it is reasonable to conceive that blood sugar level was well
maintained in infected animals during the earlier stages of infection when the
damage was not so severe. But during the termipal phase when cell infection is
high and therefore tissue anoxia is intense, the liver damage should naturally be
very cxtensive. Such gross damage had been invariably encountered and at
this period a sudden fall in blood sugar level had been observed in the series with
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or without glucose treatment. These findings would, thercfore, iend support
to the view that hypoglycemia noticed in knowlesi malaria was perhaps due largely
10 severe damage to the liver. Demand on blood sugar by the parasites could be
a contributory factor.

As such severe damage is rarely encouantered o ordinary cases of human
malaria; severe hopoglycamia has not been reported.  On the contrary the
findings had been rather of a controversial nature. According to Sinton and
Kehar (1941}, there was a transient vise ip blood sugar level during paroxysm.
'This has been attributed to anoxia of the adrenal and thus excess of the secretion.
But a few others like Rudolf e al. {1qz7) {as quoted by Macgraith, 1948) reported
hypoglycwemia during a paroxysm, though the level returned to normal shortly
after.

It may, therefore, be concluded that in ordinary cases of malaria there
coukd be a transicnt change in the blood sugar level, particularly during a paroxysim.
But in general, the level 38 perhaps maintained more or less at a normal range
stmilar to that secn in early stage of P. knowlesi infection, But in severe nfection,
when liver is Bkely to be damaged severely, there would be a siate of hypoglycamia
as has been observed during the presemt studics,  The cause of hypoglycemia
would appear to be due to rapid atilization of available blood sugar by growing
parasites and also on account of the inability of the Jiver to store and produce
sufficient amount of sugar.. Low glveogen content of the liver in association with
P. fnowless hypoglycemia has alreadv heen recorded (Fulton, 1g3g).  The low
glycogen content would perhaps be due to the necrotic changes.

SUIMMARY.

1. Blood sugar cstimation was carricd out 10 normal monkeys as well as
i those infected with £, knowlesi.

2. Pasting blood sugar in normal monkeys showed a range of 648 10
joy mg. per cent. In nfected monkeys, the [asting level was usually well
maintained in most subjects up to the third or fourth day ol infection. Subsequently,
when the cell wfection was severe there was a precipitons fall in blood sugar
level.

3. Blood sugar, estimated cvery four houts in pormal animals, showed a
range hetween 62 and 111 mg. per eent. In nfected animals, the level was lound
to be more or less within the noral range up to about Day 4. Thereafter, at
the terminal stage there was a sudden fall in the blood sugar level which cotneided
with high parasttemia and gross damage to the liver.

4. Blood sugar level in normal monkeys, receiving a single o5 gm. glucose
injection, showed a high Jevel maintenance up to the first three hours; thereafter
there was a progressive Fall (il the level returned 1o the normal range,

In infecled monkeys, receiving g-hourly intravenous glucose {05 gm.fkg.),
higher blood sugar level was observed up 1o the beginning of Day 3, even thongh
the parasitemia was fairly high.  Bul subsequently there was precipitous [all in
blood sngar level
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As in atlimfected apmads severe Bver dinnage has been observed af the fevminal

stage, and as the fall in blood sugar is precipllous nsually ar chis peniod, it is
conjectured that fall in blood sugar is mainly due to Yiver damage.  Excessive
demand for gincose by rapidly developing parasites could he a contributory
lactor.
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LS.B. STAIN-- SIMPLIFIED METHOD OF PREPARATION,
HY

Lisur.-Coronen FASWANT SINGH, s, chos  Bding, poen(Engl),
nora. & 1{London)

N
B Go MISRA, o, o Gall
cMalwna Tnseituie of Idie, Dl
{ May ¥, 1934, )

J-S.B. Srain  Jaswant Singh and Dhattacharfl, 1u44) was introdueed as a
simple water soluble stain, the preparation of which was subsequently shghtly
modificd by Jaswant Singh ¢f ol {1953). In the original and modified techmgues
for the preparation of J.8.B. Solution 1 {polychromed methylene biue solution),
emphasis has been laid on certamn colour changes in the solution to reach the end
point while the time required for this oxidation of the solution varied from three
o four hows. Unexperienced workers found it sometimes ditfenlt to decide as
1y when the end point was achieved, and thus the stain was cither over-oxidised
or under-oxidised.  This, naturally, led to lack of uniformity in the staining
prapertics of the stain.  An attempt has been made to overcome these difficulties
by a more simplified technique in the preparation of J.S.B. Solution 1, details of
which are given below i —

METHOD OF PREPARATION,

Methyiene bloe, medicinal {o5 gm. is dissolved in water {500 ml.), and
Pper cent sulphnm acid (3 mL} is added gracurally with stirring to ensure thorough
muxing. Potassium dichromate {05 gm.} is then added which forms a purple
preciptiate, Disodium bydrogen phosphate dihydrate g5 gm.} is added next,
and afler stiering the solution for some time, the precipitaie appears to get
dissolved.  This sohution is boiled in a fask with a reflux condenser for one hour
when the blue colonr of the solution deepens,  “This solusion is ready for immediate
wie as F8.B. Stain Solution T in the usual manner {Jaswan .quh el al., 1953}

J.8.B. Solwion [ may he prepared in concentrared form as well,  For this
purpose, the chemical ingredients arc dissolved in water {150 ml) and the

115 )
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nisxitre allowed to boil in a beaker approximately for one hour.  When the sohu-
tion s reduced o nearly 25 ml.) the concentrated stain is stored in glass sioppered
botles.  This can he diluted with distiled water to make it up to 300 mi. and
allowed to mature for about three days prior to usc.

L8.B. Selution T thus prepared has been found o have all the advantages
4 the original preparation.  The staining propertics have alse been found to be
unilowmly good,  This stplified technique in the preparation of Solution T has
resulted in some additional advaniages, such as:-—-

1. The time required for polychroming of methylene blue is only one hour.

2. Neo strict supervision is required to note the colour changes, particularly
regarding the end point.  Thus, it ran be prepared under fickd conditions more
sagily,

3. The stain solyiion needs no fitration prior to usc.

1. The dilute preparation requires no maturation prior 10 nse,

The stain has been regularly used in these Yaboratories for the fast one year
with esdrenwly satisfactory results.
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3. 5. B STAIN--A REVIEW.
BY

Ligvr.-Corasy, JASWANT SINGH, s, clus  badbr?, poes(Bng.j,
n.T.M. & #.{London), ¥.n.n

{nrector, Mealaria fmtitule of India, Defla.
{ Moy 1 a4,
INTRODUCITON,

Sranivie of majaria parasites in blood fihins was tirst evolved by Romanowsky
“1391) by combining eosin and methylene blue,  To was later found that a
Romanowsky stain was not an cmpirical mixture of the 1wo dyes but also contained
other products derived from oxidation processes of methylene blue (Nocht, 1898).
Such a mcthylene blue mixture was called ** polychirome methylene blue ” and
ils major components were demethylated products like Azure 4 and B {Kehrmann,
1go6; Bernthsen, r1906; MacNcal, 1906:1925), Azurc ¢ (Holmes and French,
1626}, methylene violet, thionin cle. {Fig. 1),

However, isolation of these azurcs in chemically pure state has not heen
casity possible and as such actual merits of these individual dves have remained
obscure or at least controversial.  V'rade names of the tvpe Azure I and Azure I1
vepresented variable mixtures of methylene blue, Azures A and B, and a standard
product as such was not easily available for the purpose (Gonn, 1940).

The original idea of Romanowsky formed the basis of it blood stain introduced
by Nacht {(18¢8). In this case, polychroming of methylene blue was achieved by
oxidation with dilute alkali and this oxidised material Jater mixed with cosin.
Jenner {1899) inireduced the idea of dissolving the preapitate, formed by mixing
methylene blue and eosin in methy] aleohol. However, he did not use polychrome
methylene blue and this product was unsatisfactory for siaining. Tt was left to
Reuter (1901} and Leishmann (1got} to combine the basic techniques of Nocht's
stain and Jenner's stain.  According to this, polychrome methylene blue was
comhined with cosin and the precipitate formed was collected and dissolved in
methyl alcobol.  This stain was only diluted at the time of application.  Wright's
stain {rgo2) is 4 minor modification of the Leishmann stain,  Giemsa stain (1904)
also consists of atkaline oxidation products of methylene blue combined with cosin
and methylene biue, but the composition and purity have been better standardized,
‘Petrachrome stain introduced by MacNeal {1g22:1rg25) unlike FLeishmann stain
is a straight mixture of various dyes like Azure 4., methvlene violet etc., and as

T
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such much less satisiastory lor the purpose.  Amongst all ithe stains Hised upon
alkaline oxidation of methylenc blue (Tig. 1), Leishmann stain {Wright stain
being very nearly the same) and Giemsa stain were previously in general usc
depending upon individual preference.  These stains were undoubtedly expensive,
less stabic especially in the tropics, and above all the quality varied from product

vy product in many cases.
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Polychroming of mcthylene bue s also possibic through acid oxidation
Jig. 3. Holmes and French (1926) observed that acid oxidation products of
methyiene blue were more homogencous, stable and possessed better staining
properties, when compared to stains containing alkali oxidised methylene blue,
The latter type of stains are usualy heterogencous mixtures containing hydrolysed
products and azures which are susceptible to rapid loss of staining quality due o
tarther oxidation {Lillie, 1g43).

Simeons {rg42) and Lillie {1943) oxidized methylene Dloe with potassium
dichromate but hke the alkali-oxidised produet, the polychrome methylenc blue
is combined with eosin and the product dissolved in methyl alcobol.  Although
Lillie’s modification. was meant to overcome the handicap of inconsistent results
with Giemsa stain due (o variations in composition, its preparation was also
complex and costly. Field {1940} introduced a rapid stain which employed
separate solution of eosin and alkaline azure mixture hut its use was only limited
to thick smears.  With the above background, and considering the fact that Azure
7, a powerli] nuclear stain, is only produced during acid oxidation of methylenc
blue {Holmes and Trench, 19206), Jaswant Singh and Bhanacharii (1944} evolved
the J.S.B. stain which has successtully overcome many handicaps associated with
hlaod stains alrcady in use. As a rapid soluble stain, it cssendally consists of an
aqueous polychrome methylene blue solution {J.5.B. Solution I} obtained by the
acid oxidation of the dye, and a simple aqueous cosin solution {J.8.B. Solution IT).
The composition of oxidised methylene blue solution (J.5.B. Solution I} is adjusted
by the quantity of potassiurn dichromate and acid cmployed and the time of
ieating. Modifications in the dichromate acid exidation of methylene blue have
heen studied by Manwell and Toiglson (1948), Cole and Sewell {1953), Jaswant
Singh et ol. {10953) and Bami and Nair (1955), but there has been no basic change

excepting slight experimental variations,

J5B STAIN -PREPARATION AND MODIFICATIONS,

Oviginad melhod,~ - ]85, B, stain consists of, {7) Solution T ipolychrome methylene
bluey, (1) Solwtion TI (soluble cosin} and (327) acidic wash water,

For preparing Solution I, medicinal methviene blue {05 gm.} is first dissolved
thoroughly in water {500 c.c.}. To this, one per cent suiphuric acid by volume
‘3 mb) is added, and after mixing them thoroughly, potagsium dichromate
{05 gm.) is finally added (o the mixture.  This results in the formation of a heavy
amorphous purple  colonred  precipitate of  methylene-bluc-chromate,  The
resultant mixture is heated in an antocfave at a temperature of 100-109° C. and a
pressure up to 5 Hs is mainiimed for three hours. At the end of this period, the
solution turns blue which indicates sufficient polyehroming. If the colour shows
a greenish tinge, further heating for another hour or so s required. If the
temperature is allowed to rise above tro® (L, oxidisation of methylene blue may
have been carried too far and the solution tums violel purple which is undesirable,
After boiling the solution as indicaled above, the solution is allowed to cool at
room temperature and one per cent potassium hydroxide soiution {10 c.c.) is added
drop by drop gradually, taking precantion 1o shake 1he flask constandy alt the time.
After the total amount of alkali has heen added, content of the flask is shaken for
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rn miutes when the precipitate will be found to dissolve gradually. The fnal
solution turns deep blue with a violet iridescence and is eft at room temperature for
48 hours to mature,  Afterwards, the solution is filtered through a rapid filter paper
and the stain stored in a bottle,

Sotution IT is readily prepared by dissolving one gramme of water soluble
cosin in 500 ml. of water. A freshly prepared eosin solution, though can be used
hmmediately, may not vield as satisfactory results as the one which bas turned
deep red alter some use.

According to the original publication, the recommended wash water is an
awcidulated tap water with a pH 62 to 6:6.  Tap water in Delhi has approxi-
mately pH of 76 (indicator bromothymol-bluc). To reducc this to pH of 62
:0 6:6., 1 is necessary to add 50 mg. of sodium hydrogen phosphate or 5 drops of
5 per cent acetic or citric acid solution for 100 c.c. of water.

Preparation of stain Solution ! in powder Jorm.—With the populariey ol .5.8.
stain, it hecame necessary (o send large quantities to various centres in India and
abroad. It was thought that i J.5.B. Soluton I could be reconstituted at the time
of uge, considerable expense and trouble could be avoided. With thus object in
view, Jaswant Singh, Ray and Nair (1953) cvolved preparation of the stain in
powder form. According 1o this mcthod, the original ingredicnts {medicinal
methylene blue, dilute sulphuric acid and potassium dichromate) are mixed
thoroughly in water and heated in an autoclave. It was also found that autoclaving
was not essential and the mixture could be boiled with direct heat or even water
hath depending on the facilitics available to the worker. To prevent excessive
svaporation, a reflux condenser or a long glass tubing fitted w the centre of the
ffask has been recommended. The period of heating under such circumstances
may vary. As such, they have emphasized thar the end point of boiling depends
on the appearance of permanent deep blue colour with shight violet iridescence,
which does not turn greenish on cooling.  In the latter event, the stain solution
ts boiled again for some more time. The question of number of hours for
which the solution should be heated was later critically mvestigated by Bami
and Nair (1955) and it was obscrved that products heated for 6 -7 hours under
above conditions, were most satisfactory. The indication that the solution has
been heated properly can be had hy filtering a few c.om. of the boiling soludon,
The filterate must maintain its bluce colour even after cooling it.  The same can
also be ascertained by drawing the boiling solution in a capillary tube and {inding
whether the blue colour of the solution is rvctained, when the tube is cooled.
After the solution has turned deep blue, the flask is cooled to the room wem-
nerature and the precipitate filtered.  The precipitate on the filter paper is dried
4t room temperature in a vacuum desiccator.  The dried precipitate is carcfully
collected and powdered thoroughly with 1775 gm. of disodium hydrogen phos-
phate dibydrate (Na, HPQ, 2H20) mn a glass morlar and stocked in small
specimen tubes,  Whenever required, the powder in the specimen tube is
sissolved in distilled water (450 ml) and used after allowing it to matnre for at
east four days. The vield of the powder (without disodium hydrogen phosphate)
from different batches, varied between 035 gm. and o5 gm.  When only small
guant  «sof the stain are required, it is preferable to mix 1/51h of the stain powder
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with 935 gm, ol disodivm hydrogen phosphice amd dissolvi: 1 about 100 coe. disti-
Hed water. Thoe dried powder keeps well.  In experienced hands, the above filtrate
tafter the removal of precipitace) with addition of 2-5 gm. of disodiam hydrogen
phosphate, and allowing to mature for about two weeks, can also be used as Solu-
tion I, though less satislactory.

Prepararion of stain. 8.8, 1 solution in modified Liquid form.-—According to
his aethod, methvlene blue (o5 gm.} is dissolved 1horoughly In 500 e water
i a flask.  Sulphuric acid {one per cent. 3 ml) is added drop by drep to the
solution and then mixed with potassium dichromate {05 gm.). Additon of
potassium dichromate leads to the formation of some precipitate and at this step,
15 gmt. of disodium hydrogen dihydrate is added.  The resulting mixture is hoiled
for only hall an hour. The stain is allowed to cool at room temperatare and is
ready for nse as J.5.B. Solation I {Jaswant Singh and Misra, 1956,

Preparation of stain §.5.B. Selution I in concentraled form. —For the preparation
af J.5.B. Solution I in a concentrated form, the ingredients {medicinal methyienc
bine o' gm,, one per cent sulpharic acid 50 minim; potasium dichromate 05 gm.
and disodium hydrogen phosphate 375 gm.} are dissolved tnr 150 c.c. water in a
heaker and the mixture allowed to boil lor approximately one hour. When the
solation has been reduced to ncarly 25 ml, the eoncentrated stain is stored in
glass stoppered bottle and diluted with distilted water 1o make it ap to 500 ml.
It is allowed to mature for three days prior to its use { Jaswant Singh and Misra,

1950)-

MODMITCATHON IN THE PREPARATION OF WASIT WATER.

Buftered wash waier has been recommended instead of acidulated water for
the washing of Dlood smears (Manwell and Feiglson, 1948; Jaswant Singh, Ray
and Nair, 1953). This is prepared cither by dissohing disodium  hydrogen
phosphate dihydrate (o-417 gm.) and potassinm acid phosphate {0.752 gm.) in
distilled water {2 litre), or by dissolving 022 and o 74 gm., respectively, of the
above two in 1,000 ml. distiled water. To maintain the inital pH, ic is preferable
(o keep the buffered water in glass bottles. It is easier to weigh the salts according
1o the second formula, and at the same tme the buffered water keeps the proper
pH for a longer period,  The use of buffered acid water has given more uniform
results.

4. CHEMICAL COMPOSITION AND STABILITY,

Polychromed methylene blue is known o congist of a mixtare of metbylene
blue and its oxidation products depending upon the extent and nawre of oxidation
technique employed,

from Fig. T, it will be evident that trimethy! thionin {Azure ) and asm-
Jdimethyl-thionin {Azure 4)) are formed as primary products in both acidic and
adkaline oxidation of tetra methyl thionin {methylene blue) {(Kehrmann, 1906;
Bernthsen, 1006; MacNeal, 1g0o6:1925). Further extensive oxidation of methylene
Hhie under acidic conditions feads to the formation of monomethyl thionin, called
szure ¢ {Holmes and French, rge6) and finally the parent compound thionin
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itself {Fig. 1). The alkaline hydiolysis finds a diflerent ronte and leads 1o the
{ormation of thionol. J.8.B. stain cssentially consists of Solution I, an agueous
polychrome methylene blue solution prepared by dichromate woid sxidaiion of
methylene blue, and a simple aqueous cosin solution (See method of preparation),
Although scveral minor maodifications in the dichromate-acid-oxidation of J.5.B.
Solution T have been successfully crployed (Jaswant Singh e «f., r053; Manwell
and Feiglson, 1948; Cole and Sewell, 1953), the original methed of oxidation has
continued te give highly satisfactory results, Therefore, the chemical studies on
the composition, quality, and stabihty of 1.5.B. Sotution I were confined by Bami
and Nair {1955) to the product obtained by original technique of oxidation.

Bami and Nair (1955) prepared J.S.B. Solution T with varying time of
exidation and the final pH of the solution was adjusted by the addition of 2-5
gm., 5 gm., 10 gm. and 15 gm. of disodium hydrogen phosphate dihydrate,

From the results, it was cvident that original method {or the preparation of
J.5.8. Solution ¥ was very satisfactory, provided the partial polyciiroming of
methylene blue is controlled by heating the mixture for 6 o 7 hours, and the final
solution buflered to a pH of 775 1o 38§ with disodium hydrogen phosphate
dibydrate.  An azure absorption reading of o'21 4-0:03, according to the method
of Bami and Nair (1955), corrceily determines the extent of oxidation.  Longer
periods of heating and excess of alkaline bufler salt have resulted in poor guality
products (Table I). Basic dyes like the thionin derivatives display intense staining
properties with increasing gH (Haynes, 1928) but it seems that staining qualities of
polychromed mcthylene blue in the case of J.5.B. stain arc optimum around pH
78, It had bheen observed previously that Azure €, a good nuclear stain and
exelusively produced during the acid oxidation of methylene bine (Fig. 1), gave
the best performance at pH of 7.7. to 8 (Holmes and French, 1926},

After over five months of storage under drastic tropical conditions, J.S.B.
Solution I maintained at an alkaline pH underwent general precipitatton andfor
decomposition of the azures. Basic thiazine dyes, stored at ae atkaline pH, are
known to have precipitated from their solution on storage {Havnes, 1928; Holmes
and French, 1926), which caused weakening of the stain solution and faulty staining.
However, it has been observed that if J.S.B, Solution ¥ is kept in a cooler place
‘ailr-conditioned rooms during severe summer months), the keeping qualities
improve very considerably.  In the present experiment, no doubt, the stam
solutions have been maintained in very adverse conditions but even then they
have lasied for five months (Bami and Nair, 1955).

Spectrophotometric analysis of the medicinal methylene blue gave maximum
absorptinn at 650-655 millimicrens when compared to that of 605 millimicrons tn
the case of pure methylene bBlue sample {Stotz e al., 1950) indicating the prescnce
of Azure B as a major contaminent (Lillite, 1943). Absorption curves for freshly
prepared and ro-weeks-old J.B.S. stain Soluon I showed flat tops {maximum
absorption between So0-640 millimicrons} which lie between the peak absorption
of thionin (590 millimicrons} and methylene blue (650-655 midlimicrons} and also
vovered the maximum absorption wave lengths of Azures A, B and € {Fig. 1
and Graph 1),

Height of the J.8.B. Solution 1 cwve is Jower than that of thiopin and
methylene blue showing it (o he a mixture of several of these products,  On the
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R F. 5. B. Stain-—d Review.

other hand, to-wecks-old product appeass {o he o litde dinsed, perhaps due 10
some precipiation of the dissolved dyes {Graph ).
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Speciropholometric analysis of cther soluble azure fraciion of J.5.B. Soluiion 1
gave maximum absorption at 590 millimicrons, but the nature of absorption curve
was not exactly similar to that of thionin {Graph 2 while further chemical consider-
atons led to the conclusion thai ether soluble fraction contained not only thionin
but also materials closely similar to it, such as Azure €, (Bami and Nair, 1955).
The stain solution left after ctber extraction offered an absorption curve, indicative
of methylene blue slightly contaminated with other preducts Jike Azure ., and
2 {Graph 2). Absorption curves of two main fractions obtained through paper
chromatography of J.8.B. Soluotion 1 (Graph 2) were also identical to those
vbiained in the case of separation by ether extraction (Bami and Nair, 1953).
Spectrophotometric_studies with azwres have so far not given constant results
IStotz et al., 1950; Ball and Jackson, 1953) and as such the conclusions are based
on the availabie data and the present experimental findings.

TECHNIQU K OF STAINING.

Solutions 1 and 1T and waah water should be kept tn wide mouih stoppered
§
2

Tars inches diameter by 23 inches beight,
K Y 23
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ORICGINAT FECHNFOUE {JASWANT SINGI ANDY BIATTAGHAR), 1044).

o, Fhick smear 2lone. -

1. Dmmcrse the slide in Seluoon | oloe o seeonds;

Stain in Soluiion IT [or one second;

3
4 Wash in the same o (2 for fve scconds;

2. Wash in jar containtng acidalinied water {971 G2 to 6-6] tor 1wo seconds;

5. Immerse in Soluwtion T again for iem seconds;

6. Wash as ahove for two scconds or GH the smear gives pink background (2} ;

7. Dry and cxamine,

The toral tme taken is ouly g seconds.  This can be shoriened 1o 10 seconds,
but with old or very thick smears, 3t is preferabie to follow the above timing,

ihy  Hhick and thin smedars faken on the same silde.- -

methyl alcohol {for a sceond or twos

. Tix the thin smear by dipping that pare of the siide in 2 jar containing

2. Dry thoroughly, preferably by waving the shide m the air;

7. Tmmerse the whole siide in Solution T for o seconds;

3. Wash in jar comaining acidulated iap water {11 62 1o 50);

5 Stain in Soluton IT for one second;

5. Wash in the same jar {41 {or {our scconds;
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3. Tmmerse in Soluton § again for 30 scconds 7315
8. Wash as above for 10 scconds or till the smear gives pink background (4);
9. Dry and cxamine.

The total time taken lor staining is 5 minule and 20 seconds.
WONIFIL TECHNIQUE | JASWANT SINGH, RAY AND NATK, 10535

‘ay  Thick and thin vmears faken on the same shide.--
t. The thin film is Aixed by dipping that part lor a second in a jar containing
methyl alcohol.
2. Alter thoroughly drying, immerse the whole slide in a jar containing
Solution IT (eosin) (or one or two seconds.
3. Hxcess of eosin stain is removed from the smear by dipping the slide in
a jar containing the buflered wash walter,
. s then immediately tansferred to Solution T and kept for 40 10 45
seconds;
5. After this, it is finally washed by dipping in the same wash water for
three to four seconds;
6. Dry and examine,

Thus the whole staining period has been reduced 1o less than a4 minude
wmstead of 1 minuie and 20 seconds;

by Thick smears alone:
{f onlv thick films arc o be stained, a dip Or 10 ov 15 seconds m Seain [
ster staining in Solution IT is considered suflicient to give noud results,

One jar full of wash water is invariably enough for one day’s use without
changing, and will sullice to stain approximately 50 hlood smears.

When large number of blood smears have to be stained, special metal racks,
holding 20 to oo slides and trougls of suitable sizes can be used o save time,

USES OF LS BSTALN

Variois workers bave also upmu(l that suipplings m cectain olasmedia are
hetter demonstrated with J.8.B. Stain than Giemsa. Ramakrishnan and Satya
Prakash (1g50) reporied that slipplings in cells infected with P berghet were
Jemonstrable to a great extent in smears stained by J.S.B. than Gwm:aa Nair
{1950} demonstrated stipplings i P falciperum with  greater ease than with
leishman or Giemsa, Subsequently, Jaswant Singh # ol Ugf)gr reported
supplings in the Nurt strain of P. heowlesi hitherto not reported in tlis species of
plasmodium with ordinary methods, when the smears were stained with J.8.B.
Stain. It can be used for staining oicvsts in the midgu ol mosquitoes and
sporazoites in the salivary ghands (Jaswant Singh and David, 19491,
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It can also be used for staining all the blood clements where the leucocytes
are stained well and thus it aids in differential lencocyte count.

It can be uscd for staining organisms, other than plasmodia also. It gives
excellent results in staining Leishmania {Craig, 1948; Manwell and Feiplson, 1948)
and trypanosomes (Craig, 1948; Nair and Basu, 1950). Subsequently, the stain
was advecated for staining organisms such as toxoplasma, hzmoproteus (Ray,
1949); microfilaria {Raghavan and Krishnan, 1949); hepatazoon {Nair and Basy,
1950); pasteurefla, spirochaetes and anthrax (Nair and Basu, rggo; Dass, 1953).

ADVANTAGES OF J. 5. B. STAIN.

One spectacular achievement of this stain is the remarkable shortening of
the staining time in that a thick and thin film on the same slide can be stained
within a mimute or so. Later, due to the recent maodifications, the staining time
has been further reduced to Iess than a minute. Preparations treated with J.8.B.
Stain compare favourably with those stained with any standard preparation like
[.eishman or Gicmsa.

After working extensively with LS.B. Stain, Manwell {1945} reported that
the stain has the lollowing advantiages:-—

“ 1. It is easily prepared from ordinary medicinal methylene blue and eosin.

2. Tt is relatively incxpensive.

3. It keeps well under different climatic conditions.

4. Tt is cxtremely fast (for thin smeats, cight seconds; thick films, thirty

seconds).

5. It is equally good for both thick and thin smears which may be stained

together on the same slide.

5, Solutions used for staining do not have te he made up cach time since
they deteriorate little on standing.

Blood ceils and pavasites are clearly and briffiantdy differentiated.
Results depend less on the pH of the diluting agent than with any other
Romanowsky stains (especially Giemsa) ”,

je S
H B

He further indicated that * all the common blood parasites, for which Giemsa
or Wright’s stains are usually used, can be demonstrated equally well by the method
just outlined ”. In conclusion, he mentioned that ** the J.3.B. Stain, recently
introduced by Singh and Bhattacharji has heen tested and been found superior in
most respects to any of the other commonly used processes for the staining of blood
and blood protozoa . .

Russcll et al. (1946) afso confirmed the findings of Manwell (1945) and in
a subscquent publication, Russell (1952} described only two stains for studies on
malaria parasites, namely, Giemsa and J.5.B.

At present the stain is being widely used in India and in many institutions and
laboratories abroad. According to Belding (1952}, “ Among the various modifica-
tions and refinements of the rapid methods of Romanewsky stains, J.8.B. method
of staining has been the most popular ™.
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The Jawst simplifted (echingue of preparing the stain Solution 1 has brought
in some more advantages tn that:
t. ‘The time required for ils preparation can be even reduced up o one bow,
2. No strict supervision is required to note the colour changes, particularly
for the end point.
4. $he stain can be prepared just as well under ficld conditons as in anyv
well equipped laboratory.
The stain needs no filtration and

4-
5. Requires no maluration,
6. laswant Singh, Ray and Nair {i953) worked ont the cost of this siain

and found that to stain oo slides, the cost of J.5.B. is approximately
orez annas and Giemsa 11 annas, thus J.5.B. stain s about 50 times
chwaper than Giemsa.

SUMMARY.

JS.P Stain { Jaswant Singh and Bhattacharji, 1944} was introduced as a
vapid, efficient and economical water soluble stain for malarta parasites during
the Sccond World War when the need for a good rapid stain was most
pressing. The advantages of J.S.B. Stain were soon recognized by workers in the
ficld all over the world and its popularity continued to grow from year to year.

1.5.B. Stain has a proven merit for not only staining malana parasites but a2 number
{:d other organisms as discussed in the text.  Studies on its chemical composition
and standardization of techniques of preparation and staining have increased its
range of uscfulness.  Tleconomy in cost, coupled with rapid and excellent staining
curabities, has gready popularized the product.
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THERAPEU PO EFFECT OF sULPHADIAZINE AD DIHYDRO-
TRIAZINES AGAINST BLOOD-INDUCED P CYNOMOLGY
INFECTION.

Hy

Live-Coronen JASWANT SINGH, m.e., cha Bdins. noeosling),
nos & u{London),

LR NAIR, bos, sared,
AND
Al RAY, v,
(Maleria Instivie of India, felin.)
hfay 1, FORGL

In the previous communications, antimalarial activity of quinine, chloroquinc,
avlocior, nivaquine, amodiaguin {Joswant Singh, Nair and Ray, 1953); proguanil,
bromoguanide, pyrimethamine (Nair, Ray and Jaswant Singh, rg53); M. 3349,
mepacrine, and the active metabolite of bromoguanide (Ray o al., 1954} against
Hlood-induced P, creomolgt inlection was reported,  Tn this paper, the comparative
cilicacy of three other drugs, sulphadiazine, supazine {sulphonamide substituted
dihivdrotriazine) and the active dihydrotrinzine metabolite of proguaml, has been
recorded.

MATERIALS ANR METHODS.

Hosto— Sixty-five hoalthy M. muletta nedatie (3, riesws monkeys) were utilized
for the test.

Parasife~P. cynomolgi strain [Smton and Mulligan, 1932} maintained at
the nstitute by serial sub-passages from wmonkey to monkey, was used for the
investigation.  The dose of moculum was standardized at five million parasitized
crvthrocytes per kg, body weight of the antmal as indicated in carlier publications
{ Jauswant Singh, Nair and Ray, 1a53).  The tnoculam was injected intravenously,
Daily parasitc count was recorded in terms of 10000 ervthrocytes, Up to the
cessation of treatment, blood smears for parasite ecpumeration were obtained twice
a day {morning and evening), but subseauently only morning smears were collected.
The stain used for staining the smears was 1.9.B. (Jaswant Singh and Bhattachar,
1944)-
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Drug - The chemical siraciure of the three drogs rested 15 givest below - -

]

f’;\ /..w-\ NH2 /N\ NH2 "QJ # ‘\“ NHZ
NH,
~NH-Sa, { Dt f E SoN » it

l <L N H,
N < " \cu

. HSC Cﬂa f Ly

Sarlpsiadisawe Notive chiyaror sine Sutplradhiazine substivied
medabobic: of proguanit Hhvdrowiszine

The active dihydrotriazine metabolite of proguanit {1-13.4-dichiorophenyl)-
2 q-diamino-6:6-imethyl-) :6-dihydrotriazine] and the sulphcmam:dv suhstitntcd
lifhydiol]hl?]ﬂ[" (1~ p—sulphunam1d0plu nyl-1 :0-dihydro-2 :4-dtumino-6 :6-dimethyl-
1 g 5-trtazine} used for the tests were from the samples synthesized at the Institute.
%ulphadmzme used was the M. & B. product.  The dosages of these drugs were
1)1 in terms of the base of the drug per kg, body weight of the animal.  Drugs were
started at about 01 per cent cell infec tion and continued once a day thereafier up to
2 totad of seven doses.  The ronte of administraton was oral in all cases,

Criteria of actimiy.— The gencral practice of elassifying the activiey as Class 1,
1 oand TIT at the Institute was adopted in this case also. Mere deceleration of
parasites to about 25 per cent of the normal infection was classified as Class T effect,
Clas IT effect of Shannon {(Wisclogle, 1946) was indicated if complete clearance of
parasttes from the peripheral blood was obtained by about 24 hours after the Jast
dose of the drug.  On the other hand, complete absence of parasites for a month
preceding, and for a similar period after splencctomy performed four wecks
subsequent o the cessation of treatment, marked Class TH coffect.  Contrary to
Al these, i infection ran more or jess parallel {0 the pattern observed in the infected
“controt” monkeys, the particular desage of the drug was considered ineffective.
The minirum dnsc‘ of a particular rhm_’ that gave rise o Class 1T offect, in a total
of five monkeys so treated, was taken as (he minimal effective dose (M.E.D.).

RESUL/TS.

Sulpradtazine.  Dosage 1egimes rangmg [rom vro5 1o 20 mg. were 1ned,
The details of the results obtaimed we recorded i Tabic 1. 1t was observed
that a dose of 005 mg. was not sullicient to produce Class 11 o/leat in any of the
monkeys. With o5 mg., Class I1 eflect was cbserved only in one owt of three
monkeys.  With 015 mg. dose, clearance of parasites was abtained in alt the five
monkeys tricd by the day fo]lm»mg_' the cessation of trcaiment.  This dosage,
rercfore, represented the MDD of sulphadiazine.  Between o725 and 20 mg.
doses, Class T effect was observed in about 28 per cent of the monkeys, and in
he rest Class 11 eflect.

Sulphonamide substibuted difoydrotriazine. -'The results are set out m Table IE
With to and 15 mg. doses, Class IT cllect was observed ondy in one-third of the: total
sumber of animals freated. The rest showed only Class T eflect. However, a
dose of 20 mg. or above was able (o show Glase IT effect in about filty per cent of
:he monkeys and Class 11 effect in the rest.  Hence the minimum dose of 20 mg.
ts raken as the MLE.D. of sulphonapide substituted dihydrotriazine,
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Effect of sulphadiazine ageinst blood-induced P. cynomolgi.
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Actwe metabotite of proguanil.—Though Class 1T effect could be observed in a
Jfew cases with as low a dosage as 04 mg., only a higher dose of 6 mg. and above
could be depended upon for the complete clearance of parasites by about the day
tollowing the completion of treatment.  Besides, complete sterilization of the infec-
uon (Class 1T effect), in this dose, was also aitained in about 55 per cent of the
snonkeys.  Six mg. dosage is, therefore, considered to be the M.E.D. of the drug.
Details of the results are shown in Table IIT.

YapLe IIL

Lffect of the active metabolite of proguanil against blood-indiced
P. cynomolgt infection.
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*MLE, D Mlmmal cf!'ccl:w dmc) T'Fwe monkeys died durimg the observation perrod.
1One monkey died during the observation period.
DISCUSSION.

The minimum offective dose of quinine against P, ¢ynomelgr was observed to
he 20 mg. {Jaswant Singh, Nair and Ray, 19538} and therclore the quinine
cquivalent of sulphadiazine was calculated to be 13373, of supd?lm’ 1, and that
of the active metabolite of proguanii 3-3.

The M.E.D of proguanil was previously recorded as 1 mg. {Nair, Ray‘and
Jaswant Singh, 1953}, From this it is clear that the active metabolite of proguanil,
the MLE.D. of which was observed 10 be 6 mg., is about six times less active as that
of the parent drug.  Schmidt of al. (1952) made similar observations and reported
1hat proguanil is two to four times as acuive as its metabolite against the same
species of parasite,

Another intercsting feature observed was that although sulphadiazine was
highly effective against P. gmemolgt and proved to be many times superior (o
guinine, the sulphadiazine substituted dihydrotriazine had only the same effect as
that of quinine. In an earlier investigation, supazine was found to be even less
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cHective agasust P, gallingeewn, s quinine equivalent being only or125 10 025
‘Natr, Misra ¢f af,, 5985).

Against Nuri stratn of P, knewiesi, the gquinine equivalent {Q.E.} of sulpha-
dinzine was caleulated as 37.5, that of supazine was established to be 0105 (Ray
and Nair, 1955) and the active meiabolite {(dihydrotriazine) of proguanil as
086 (Nair, Bami and Ray, rgss}.

Thus it would be evident that P. epromolgi 1s more sensidve to these groups of
compounds than the Nuri strain of P. knowless.  This difference in reaction in the
same host to the same drugs could obvivusly be due to the biological difference of
the two species.  Perhaps the metabolic reaction of P. knowlesi is interfered with
tess effectively by the above drugs thap that of P. cpnemelgi. 1 may also be assumed
that the metabolic pathway employed by P. gpnomolgi is probably more adversely
cffected by these drugs than that followed by P. knowlesi.  Finally, whether this
observed difference in the response 1o drugs can be due to the differcnces in the
absorpton of the drugs by the two species of plasmaodia, cannot also be ruled out,

SUMMARY.

Sulpliadiazine, sulphonamide substiuted dihydrotriazine (supazine) and
the active dihvdrotriszine metabolitc of proguanil werc tested against blood-
induced P. cynomelgi, and their minimal cffective doses (MLE.D.) were determined
as 0°15, 20 and & mg. base per kg. body weight of the monkey respectively.

bulphadrdmu; was found 10 be 133 times superior to the sulphonamide substi-
tuted dibydrotriazine (supazine) and 40 times superior to proguanil metabolite.
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OBSERVATION ON A NATURAL (CRYPTIC) INFECTION OF
TRYPANOSOMES IN SPARROWS (PASSER DOMESTICUS
LINNAEUS).

Part II. Attempts at experimental transmission and determina.
tion of the sites of infection in birds and mosquitoes,

BY
P NAIR
AND
A DAVID.
{Malaria Institnie of India, fethi )
| March 28, 1436,)

Tue firsi part of the studies (PDavid and Nair, 19535} described the presence
ol a nawrally occurring cryptic infection of trypanosomes in domestic sparrows
which was detectable only by feeding Cufex fatigans mosquitoes and dissecting
them later.  The strain of parasite has since been maintained in Jahoratory bred
(. fatigans mosquitoes by feeding them on {clean} sparrows experimentally
moculated with developmental forms of the flagellate obtained from infected
HINSQUItoes,

A wide variety of birds as well as monkeys and albino rats were shown to be
susceptible 10 the trypanosomes.  But, in all these animals, however, the infection
was cryptic {rom the heginning and was only recoverable from mosquitoes fed on
thetn.

The present report deals with experiments (o locate the site of infection in
birds and mosquitoes and to transfer the infection from bird to bird without the
wrervention of mosquitoes.

MATERIALS AND METHODS.

Laboratory bred Culex faligans were used for the investigation, Experimental
teeding of mosquitoes was mostly carried .out at night by confining the infected
Lirds v a wire mesh, and placing it in a cage containing the mosguitoes,

137
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The birds utilised in the studies were procured from a local dealer. The
majority of them were sparrows and bulbuls (nightingales). C. fatigans mosquitocs
were fed on each of the birds and dissected alter an interval of 8 to 14 days, Only
the ones, which did not infect the mosquitoes, were Jabelled as ™ clean ™ birds and
utilised for the experiments. The rest were rejected.

Aseptic precautions were observed in all the manipulations. Al inocala-
rtions were made cither intraperitoneally or intravenously. Organ snspensions
were made by grinding the organ in sterile normal saline by using a pestle and
feTLar,

EXPERIMENTAL DETAILS.

The source of lrypanosome tnfection tn the mosguitoes..—One hundred laboraiory
hred (. faltgans lemale mosquitoes were led for 15 consecutive days on a sample
of raisin apon which a batch of infected mosquitoes had been previously main-
tained, At the end of this period, none of the mosquitoes when dissected showed
any evidence of infection with trypanosomes. On the other hand, in thirty per
cent of similar mosquitoes that had fed on a trypanosome infected sparrow
:Number 1}, showed developing trypanosomes. The experiment was repeated
with identical results. This showed that the only source of trypanosome in the
mosruitoes was the crypiic infection in birds.

Search for trypanosomes in the skin capillaries.—The skins of heavily infected
aightingale (Number 1) and sparrow (Number 3} were scraped with the sharp
vdge of a knife held at right angle to the surface of the skin.  Impression smears
were made of the scraped surfaces on slides and stained with J.5.B. stain, On
+xamination, these did not show any trypanosomes. It was apparent that the
nrganisms were not 1o be found in the skin capillaries,

Search for trypanosomes in the peripheral blvod soom afier experimental inoculation.—
3ix ¢lean sparrows {Numbers 4 to g} were used for the experiment.  Each of these
was inoculated intravenously (right wing vein} with viable parasites obtained from
experimentally infected mosquitoes. Tmmediately following inoculation, blood
was withdrawn from the lcfl wing vein of each of these birds at intervals of one
to six minutes and examined. No parasile could be found in the stained blood
smears. This perhaps indicated that the trypanosomes were not present in the
peripheral blood immediately or soon after moculation,

Blood-induced tnfection.—Five sparrows {Numbers 19 to 23}, three nighungales
Numbers 3 to 5) and one seven sisier (Number 1) were cach inoculated with o-075
v 0°75 ¢.c of blood from experimentally infected birds. During an interval of
towr to cighty-four days afier the inoculation, many batches of mosquitocs were
ied on the birds, The mosquitoes were dissected three (o lweniy-seven days
sithsequent to the feed. The results are set out in Table I.  The bleod-induced
mfection was established in six out of the nine inoculated bivds.

Duration of infectivily of birds lo mosquiloes,—Sparrow 24 was cxperimentally
mocdated with trypanosomes from cxperimentally infected mosquitoes.  Eleven
hatches of clean mosquitoes were fed on the bird successively from six 10 twelve
hours afler the inoculation and thercalier at varying intervals up 1o cleven days.
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Fapre 1.

Transmission by hlaod inoculation.
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*Peycentage of the mosquitors that showed infection out of the Ine that were fed on the donar bird
immediately after subinnculation 10 the recipient birds,

Simitarly nine other batches of mosquitocs were led at different intervals on a
nightingale (Number 6) commencing from the twenticth day of cxperimental
inoculation of the bird to the ecighty-fourth day. Later, on disseciion of the
mosquitoes, infection was detected in all the batches except the ones that had fed
within 12 hours after the experimental inoculation. The experimental details
are given in Table II. The results indicated that trypanosomes, cxperimentally
inoculated into birds, were not in the circulating blood during 6 to 12 hours after
1he inoculation, hut were present in the blood thercafter for as long a period as
84 days. :
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Tasre 1L

Estimation of the duration of infectivily peried of the infected birds.
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*Midgut infection 66 per cent, FMidgut infection 0+7 per cent.
IMidgut infection 47 per cent and gland infection 114G per cent,
§Midgut infection 2+5 per cent and gland infection 285 per cepr.
§Gland infection £:2 per eent.

Injectivity of organs of birds.—A saline suspension was prepared of brain,
honemarrow, liver, spleen and heart obtained from an experimentally inoculated
mvna {a kind of starling). A clean nightingale (Number 7} wus inoculated
winraperitoneally with the suspension,  Emulsions were prepared separately of
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tiver, heart, brain, bopemarrow and lung from experimentally infected sparrows
iNumbers 14 to 18), Clean birds were inoculated with organ suspension of either
liver (Sparrows numbers 27 and 28}, or heart (Sparrow number 26), or lung
{Sparrow number 29 and myna number 2) or bonemarrow (Nightingale number 8)
ar a mixed suspension of brain, bonemarrow, liver and spleen {Sparrow number 25).
Gommencing Irom the third day after the inoculation up 1o the thirtieth day,
several batches of mosquitoes were led on cach of the inoculated birds, The
mosquitoes were subsequently dissecied between the sixth and fourteenth day of
the feed. Tt was found that mosquitoes fed on the nightingale (Number 7) which
was inoculated with mixed suspension of brain, honemarrow, liver, spleen and
heart, and the sparrow (Number 29) inoculated with lung suspension did not show
any infection ol trypanosome. All the other birds inoculated with suspension of
different organs, were infecied, though only cryptically, as mosquitoes fed on
them contained trypanosomes.  Experimental details are given in Table 111,

Fasre I1L

Transmission by tissue invendalion,
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Attempis at mosquilo transmission of the infection.—Fleven and thirteen infected
mosquitoes respectively were fed on two clean sparrows (Numbers 30 and 31).
Ten days later, a large number of moscuitoes were fed on these potentially infected
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sparrows.  These mosquitoes in turn were dissccied 10 days subsequent 1o their
hlood feed.  Not even a single one out of these was found infected.  The derails
are given in Table TV,

TapLe V.

Resulls of the attempied transfer of trypanosome infection to sparrows by the
bites of infected Culex fatigans,

" REsSULTS OF DESNCTION OF TRE INFEQTED RESUGLTS OF DISSECTION OF MOSQUNTES
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To determine whether mosquitoes could transmit trypanosomes during the
act of feeding, some starved mosquitocs, fed on an infected bird several days belore,
were rcleased into a barrand cage which contained a watch glass with a few drops
of 10 per cent soluiion of glucose in water. The following day, 17 of the mosquitoes
were found to have fed on the glucose. On dissection, threc of them showed
irypanosomes in the salivary glands. The glucose in the watch glass, however,
did not reveal any flagellaics.

Tapri V,

Infectivity of the developmenial jorms of the trypanosomes found in the different
organs 4f the mosquiloes.
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TasLe V1

Resulls of dissection of mosquitoes performed belween seven Aours and 72 days
after their feeding on birds infected with trypanosomes.
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Infectioty of tropanvsomes, found in the mosquitoes, to birds.--Fight sparrows were
inoculated intraperitoneally with the developmental forms obtaimed from hindgut
iNumbers 32 and 33), foregnt (Numbers 34 and g5), rectal papilke {Numbers 36
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and 47} and salivary glands (Numbers 38 and 3¢} of infected mosquitoes.  In
additon, two more (Numbers 4o and 41} were inoculated intraperiioneally with
partially-digesied blood obtained [rom the midgut of mosquitoes, sixty hours alter
feeding on infected sparrows.  Ten days after inoculation, batcbes of mosqurtoes
were led on these birds.  These mosquitoes were dissected alter an interval of 7
10 14 days and it was observed, as indicated in Table V, that all the baiches had
heeome positive for developmental stages of the parasites.

Duration of infection in mosquifoes.— A hatch of mosquitocs was [ed on a heavily
mbicted sparrow {Number 43). They were divided into seven groups and
ilissected perindically, the first group between 7 and 12 hours and the Tast between
85 and 108 hours,  Fxcepting the group that was dissected between 19 and (8 hours
afler the Teed, all the rest showed infection (o the extent of (0 {0 50 per cent,

Tanrre VIL

Iirequency af development of trypanosomes al the diflevent sites in the mosqustors,
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In another series, large number of mosquitocs were fed on heavily infected
spastow {(Number 44} as judged by dissection of mosquitoes after their infective
hite, Dhsscetion of small groups of mosquitoes out of this was commenced on the
4ifth day and continued up to seventy-second day (Table V1Y, Except the group
dtissected on the fiftyifth day, all the rest showed infeciion.  The negative results
vhtained on the fifty-Aifth day were perbaps only a chance oceurrance as disseetion
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of more munhey ol mosguitoes on thad day might bave, in alt probability, produced
a differeni result.

Distribution of trypanesomes in the mosquite.— The sites of mfection observed in
mosguitoes dissecied during the course of one fuil year, have been recorded in
Table VII.  Out of all positive infections, a maximum of 78.5 per cent was found
in the foregut.  The other sites in the decreasing order of [requency were hindgut,
sativary glands, multiple sites in various combinations, such as {4} foregut and
salivary glands; (6} midgut and salivary glands; (¢) [oregut and hindgut;
{d) midgut and hindgut; (¢) foregul and midgut; (f) hindgut and rectal papilla,
and finally midgut.

A perusal of the figures recorded for the different months indicates that
the salivary gland inlection was confined almost exclusively to summer months
and the midgut to summer and astumn.  Infection in foregut was observed
throughout the vear but a grealer proporiion occurred in autumn and winter,
Hindgut infection was less [requent than that of the {oregut, and excepting a few
mfections observed in the months of April, May, July and September, the incidence
was the greatest between the months October and March.

DISCUSSION,

Jaswane Singh #f al. {1950} clisinated vasing, saline and stabn as a possible
source of trypanosomes in a specimen of O fafigans that had led on a sparrow.
Ihey came to the conclusion that, although the flagellates could not he demons-
aded in the blood smear from the sparrow, the bird was (ke source of the
typanosomes.  In the present studies also, raisin, normally used for the
maintenance feed of mosquitoes, was climinated as a possible source of trypanosomes.

All attempts 0 find trypanosomes in blood and organ smears, and contact
preparations of scraped skin proved unfruitful.  The parasites were not traccalic
in the blood, even a minute afler inoculation of heavy doses of the devclopniental
forms obtained from the mosquitocs.  However, the finding that the infected birds
were able to impart infection consistently to Culex fatigans fed on them {David
and Nair, 1955), 1s an indication rthat trypanosomes must be present in the peni-
phieral blood of the birds, though in small sub-microscopical numbers,  That such
an assumption is correct, is also evident from the [act that out of aine clean bivds
{five sparrows, three nightingales, and one scven sister) which received blood
inoculation from other infected birds, six proved to have taken up the infection
as judged by xenodiagnosis.

1t appears that the vertebrate host (birds) can impart infoction to mosguitoes
as nearly as 13 to 16 hours afier they are experimentally inoculated, and that the
birds once mfected remain so even throughout their life.

Tn a few hirds that reccived very heavy doses of trypanosome tnoculation,
paralysis of the legs was observed, but with this cxception, hundreds ol birds that
got infected, remained healthy over scveral months of observalion, This may,
perhaps, be interpreted that infection with this strain of trypanosome is normally
non-pathogenic to birds, It is to be presumed that the parasite in vertebrate host
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inbabits the internal organs such as liver, bonemarrow, lungs, heart, cte., as sub-
inoculation of organ emulsion of these tissues, produced satifactory infection in the
recipient birds (Table ITI). The possibility that the infection was transmitted
by the blood in the organ, cannot, however, be excluded.

The mode of transmission of the trypanosome from bird 1o bird is not
understood. Tt is presumed by some workers (Manwell, 1g55) that this may be
rirough some species of bird mites.  That C. fatigans is probably not the real
mtcrmediate host, is indicated by the fact that experiments designed to transmit
the Iinfection through natural bite of infected mosquitoes {Table 4), gave negative
results,

It was tound that the {rypanosomes develop in the digestive tract of the
wosguitoes, and on rare occasions they reach also the salivary glands, Foregut
appears to be the site comparatively more favourable for development than the rest
of the places. During cold months of the year, the development appears to be rather
retarded and there was a tendency for these forms to remain longer in the hindgut
M the mosquitoes (Table VIT).

The cluster forms, on account of their bigger size, are incapable of being
wjected into the vertebrate host through the agency of proboscis. Thus for all
practical purposes, the mosquitoes appear to act only as a culftural medium.
Obviously the development of these forms, is not inimica}l to the mosquito as
the Hfe span of the infected mosquitoes was not found shortened as compared to
the life of the normal mosquitocs when kept under identical conditions 1n the
faboratory.

1t is generally believed that only metacyclic forms, [ound in the inscer host,
can infecl the vertebrate. But in the present experiment, all the stages, isrespec-
ve of the sites [rom where they were obtained and the interval between the
infective blood feed and the artificial inoculation of clean birds, gave rise to
successful infection in the Jatter.

Developing trypanosomes were found in mosquitoes as carly as seven hours
aned as fate as seventy-second day after their infective blood [ced. This would
indicate that infection can remain in the mosquito, wher once infected, throughout
its life span.

SUMMARY,

Observaions made during the studies on the expenmental transmission of
srypaiosomes, that exist as a natural cryptic infection in sparrows, showed that:—

(1} Transmission was possible (o healthy birds by inoculation of both blood
and tssue of infected birds.

{2} Infection could not be transferred through the natural bites of mfected
Lulex fatigans.

~{3) Infection was found in the digestive tract as well as the salivary glands

of Calex fatigans bul in a great majority of cases, the preferred scat of infection
wag in the foregui.
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{4} The developmental lorms found in the mosquitoes were fnfective atl all
stages when artificially inoculated into the avian hosts.

{5} In the casc of both birds and mosquitocs, when once they got infected,
the infcction was found to last long, perhaps even throughout their life span,
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A NOTE ON RESISTANCE OF BED BUGS TO DT IN
BOMBAY STATE.

BY
1. RAMACHANDRA RAQ
AND
A, V. HALGIERL
“Malaria Organisalion, Bombay State, Povno.’
{ February 13, 1456, )

Rervowrts have been reccived from several parts of Bombay Stale w which
DUVY, has been used cxtensively as an indoor residual spray for malaria control
that the insecticide no fonger has any effect on bed bugs. Tt was the general
experience that during the first year of spraying people felt an immense relief {rom
bed bugs which contributed much to the popularity of D.D.F.  Soconer or later,
i the subsequent rounds the popularity declined because its effects on hed bugs
were no longer as good as before.  The result bas been that the refusals to get the
houses sprayed have been on the increase, and though tll now the refusals have
not had any adverse effect on malaria control they are a serious hindrance to the
successful working of the malaria control schemes.  Such ineffectiveness of D.D.T,
has been reported in Bombay State from Dharwar (194611951}, Kanara (1946:1932)
Poona City {1950:1952), Sawantwadi and Ratnagirt District {1949:1951) and
Kolaba District {1953:1954}. The two figures in brackets show, first the year in
which indoor residual spraying was staried and second the year in which public
complaints of ineflectiveness of DL.IDJE. commenced.  Generally speaking, the
complaints are most strong in the humid and warm districts situated below the
Western Ghats, particufarly the whole ol Kolaba District and Savantwadi Taluka
in Ratnagirt District. Scientific prool of (his incliectiveness was so far not
available. During a recent visit (o Kolaba District, one of the authors (T.R.R.}
actually noticed heavy deposits of D.DUT. and numerous live colonies of bed
bugs on the same door {rames in houscs sprayed with a 75 per cent water wettable
powder.

49 )
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2. Among the possibie causcs for this situation are:—-
i) Development of resistance to 1.D.T.
{)) Change in behaviour of the bed bug resulting in the bugs not
coming in adequate contact with treated surfaces.
¢} Upsetting of the environmental factors resulting in the removal of
the factors adverse to bed bugs, such as {or instance the destruction
ol parasites and predators ol bed bugs.

In this note, only the question of developraent of resistance will be dealt with.
Theve is little information on the other factors,

7. One of the serious drawbacks for the studies is that information is not
available on the natural degrec of susceptibility to D.D.T. of bed bugs before
D.D.T. was widely used in the State and it is difficult to obtain it now. Fortunately,
a few careful measurements of the dosage-mortality relationships of bed
bhugs had been made in 1952 in Poona City at a time when complaints of inciiect-
iveness of D.D.T. were just beginning to be voiced, Exactly similar experiments
were carried out in 1955 with results indicative of development of a further and
very strong degree of resistance between 1gsz and 1955. A comparative series
of tests by the same methods has also heen made on bed bugs in Chiplun, Ratnagin
District, a town in which D.D.T. has not been used as an antimalaria mcasure.
Chiplun is some 8o miles away from the nearest sprayed town. The experiments
are described here.

4. Bed bugs (Cimex hemiplerns uscd in these experiments were all collected
from the human dwellings. Though a laboratory colony is being built up, it was
thought advisable (for comparative purposes) to use wild caught bed bugs because
they had been used in 1952 also. No bug was used unless it was a fully developed
adult and had a length of at least 4 mm. Bugs from Poona City were nsed in
Experiments 1 to g and those from Chiplun in Experiment 4.

Experiment 1, 1952.—Talcum powders containing 1, 2 and 5 per cent of D.D.T,
{Technical) were prepared. A quantity of the powder {containing about 45 mg.
of D.D.T. Technical) was placed in petri dishes {g inches diameter), the hottom
of which was lined by filter paper. The filter paper was turned over several times
so that it acquired a thin coat of the dust on cither surface. Ten bugs were
wransferred to each dish and exposed to the powder for 2, 4, 6, 8 and 10 minutes.
Six replications of each combination of each dosage and time of exposares were
made. The bugs usually crawl on the D.D.T. dusts and pick up the dust on all
paris of the body. The quantity of dust placed in the dish is not important so
long as an adequate quantity is used to cover thinly and evenly the entire botiom
of the dish. But the concentration of D.D.T. and, to a lesser extent, the period of
exposure are important because they together determine the actual guantity of
D.D.T. picked up and retained on the body. The bugs were then transferred to
clean petri dishes lined with fresh filter paper, by two transfers so that no D.D.T,,
other than what the bug had actually picked up, was transferred to the recovery
dish. The bugs were examined twentyfour hours later and the mortality noted.
Clontrols without any treatment were also similarly studied. The resulis are summar-
ized in Table 1. Tt is seen that 50 per cent mortality could not be obtained by
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one per cent concentration with any of the exposures used, but it could be
vbtained with two minules cxposure to five per cent or four minutes exposure to
twWo per cent.
TapLe [
AMorlulity at He end of 24 hours in bed bugs exposed to powders of D.D.T. in talcwm,
Poona Cily, September-October, 1352, (10 bugs in each replication).
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Experiment 2, 1955 —FExperiments in 1955 were carricd out in exactly the
same manner as in 1952, except that 6 inches petri dishes were used and also a
uniform quantity (1 gm.) of the powder was employed in cach dish. As the
toral quantity of the powder used was not really as important as the actual
percentage of D.D.T, Technical in the powder, the cxperiments are quite
romparable. The opportunity for the bug to cover itself with D.D.T. was exactly
(he same as in the experiments of 1952.  The results are set out in Table I1

Tt will be noticed that in 1955, except for insignificanmt mortalities in two
iests with an exposure of six minutes, no mortalities {alter applying Abbott’s formula)
were obtained tn any other tesis including in those with exposures of ten minutes.

Experiment 5, 1955.—As it was noticed that even a ten minute exposure {o
five per cent did not lead to any mortality, higher concentrations of DLD.T.
Technical were used, viz., 25, 50, 75 and 100 per cent, and the time of exposure
increased to 30 minutes. Three replications of each concentration were made, The
resulls are set out below 1—

Average mortality  Mortalily adjsted afier
Dasage, . {Pzr cent). ¢ applying Albot’s

| furmual.  {l'cr cont.
-

Blank .. e 33 r
Ciomtrol {ade only ) withour D.DUT. 13-3 ='
1LY 25 per cend e 26015 i £31
3 oper cent Ir 11 b a2
T per eent RN ' E A
v per pent (Pechmteal DL onbt ' 13- . 15265

Ts iy rather surprising that cven an exposure of 40 minutes to 75 per comt
give a mortality of only 45 per cont and there was a mortality of only 66 per
vent when the bugs were exposed (o pure technical DLD.T. In the Jater case,
the result is obviously due to the fact that pure DT, does not stick to the body
of the bugs as readily as when mixed with talc but onc should have expected a
mch higher kill,

FKxperimeni 4, 1056.~-The bed bugs collected in Chiplun (unsprayed arean
woere tested under exactly similar conditions as in Experiment 2, and the results
are summarisect in Table IT1.  Obviously the bugs in this town can still be killed
v DT, though the mortalities are somewhat lower than those oinained at the
same dosagces and exposures in Poona in 1952,

5. These results arc definitely suggestive of a reduction in the susceptibility
o bed bugs to D.D.T. between 1952 and 1955 in Poona City where extensive
N.1.T. indoor residual spraying twice a year has becn in practice for over five
years, Combined with the observation that in most areas where bed bug nuisance is
now prevalent it had been effectively controlled by the first few rounds of spraying
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two 10 four years ago, there scems (o be no doubt that the poor kill obtained
is due to the development of resistance. It is significant that in Chiplun Town
sitwated n Ratnagiri District, the bed bugs still show a fairly high degree of
susceptibility. Rarnagirt District, it should be pointed out, is below the Western
(Ghats and 15 about 250 miles Jong and approximately 50 miles wide and except
for two small scctions in the northern and southern extremities, there is no malaria
prevalence and therefore no ID.D.T. spraying has been undertaken, The nearest
sprayed towns {rom Chiplan are 8o miles away and resistance to D.D.T. has been
noticed in them even after only two years of spraying, i.c., four rounds of 100 to
112 mg.jsq. ft. each. Passive transportation of bugs which undoubtedly has taken
place to some extent from the sprayed to unsprayed sections has obviously not been
of a high order to affect the susceptibility of the bug populations in unsprayed
HECHS,

Tapre HL

Murtality at the ead o) 24 hours in bed bugs exposed to powders of D.0.T. in lalcum,
Chiplun Town, {unsprayed avea), Jonuary 1956, (10 bugs in each replication),
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*By Abbote's Formula.

6. While the ineffectiveness of 13.D.T, against bed bugs, as judged from
complaints received from people, has appeared both in the districts in which D.D.T.
in the form of an emulsion was used and in those where i1 was used as a water
weitable powder, such ineffectiveness has always taken much jonger to appear in
the former than the latter. Tt is, however, significant that good control of hed
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bugs has been obtained recently by using Dieldrin or B.H.C. in some houses in
which they had become a nuisance. How effective these insecticides will continue
w0 be after a more extended use, is not yet known.

7. 'The methods adopicd for the tests in these studics now reposted arc
wertainly capable of improvement. Dusts have been used now solely with a view
w get data which would be comparable to those obtained in the 1952 cxperiments.
More refined methods, such as the use of impregnated filter papers and the topical
apphication of the insecticide, are being tested for adoption in future. But the
methods now used and reported arc sensitive enough and the results obtained are
not vitiated in any manner.

SUMMARY,

Bed bugs {Cimex hemipterus) ave lound to have developed a high degree of
resistance (o DLD.T. between 1952 and 1955 in Poona City, India, in which
N.D.T. has been sprayed as an indoor residaal spray for five years.  While 50 per
cent mortality was obtained jn 1952 with two minutes exposure to a five per cent
NIVT. dust in Talcum, and with four minutes exposure 1o a two per cent dust, no
mortalitics could be obtained even with a ten minutes exposure to a five per cent
dust in 1955 It is significant that the bed bugs in Chiplun Town, Ratnagirt
District, which is not sprayed and js some 8o miles away from the nearest sprayed
area, still show a good degree of susceptibility.
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MALARIA CONTROL IN THE COLONISATION SCHEME,
KASHIPUR, DISTRICT NAINI TAL, U. P. (1949—1054).

BY
J. RAHMAN, 8.5¢., M.B., B3, D.PIL
{Asyistant Divector, Malariology, U.P.),
M. V. SINGH, m.s., Bs.
{ dssestant Mataria Qfficer, UP2
AND
M. PAKRASI, v.reoa
LdAnkimalaria Officer, Kastipur, Districe Naine Tal, U.P.)
[ Felwuary 27, 1830,
INTRODUCTION.

Tow history of deviopmiene ol the Kashipur Tacai, Distrier Naini Tal,
dates back many vears and the story is rather depressing.  Previously several
atiempts were made {o develop the tract, but all cfforts ended in failure, chiefly
hecause no proper attention was paid towards the control of malaria which was
the hub of the prablem of this area. The question for development of Tarai was
again taken up al the end of World War IT and after the partition of the country

when Government faced the problem to colonise the ex-servicemen and the
displaced persons from West Pakisian.

DESCRIPTION OF THE AREA.

The ares selecied for development was 6o sq. miles having 33 villages with
a population of 2,108 when the unit was established in 1949, As the conditions
improved, a number of villages and furms sprung up making a total of 84 with
a population of ,800. The River Dhela running from north to south divides
the area into two nearly equal halves. "The area under operation lics in the south-
west corner of Naini Tal District in Kashipur Tehsit {Map 1), It had been very
unhealthy since a long time and the population was on the decrease.

135 )
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The Farat m Naini Tal Diswrict is that strip of submontane tract of land
which extends at the foot of the Himalayas between the waterless Bhabar on the
north and the coltivated plain of Rohilkhand on the south,

The country in general ts a tract of forest and swamps with scattered patches
of cultivated land.  Tts general appearance is that of plain, sloping gently towards
the south-cast, the average {all being 12 feet in a mile,

SOIL.

The soil is moist and alluvial with negligible sign of rock formacion. It is
pracically 2 virgin soit and naturally is very fertile.  Good craps are grown with
Hetde effort and without manuore.

DRAINAGE.

The drainage systemn resembles the retieulanon of o leal.  The streamless
on 1the edge of moist country unite to form a larger chaanel, which in torn feeds
rire arterial line of drainage cventually to join a bigger siream.  Most of the rivers
are subject 10 heavy floods during rains.

IRRIGATION,

Streams have been used from the pase lor irrigation purposes.  This system
has rendered the whole arca into tmmense swamps. Ramwater has also heen
used for jrrigation in some places. These faulty methods made the area water-
togged and gave rise to severe form of malania, In order 1o remedy these ovil
svstems, canals were introduced but invariably they hecame defunct due to neglect
and lack of proper maintenance, creating a pumber of seepages and providing
conditions more tavourable for breeding of mosquitoes. The other sources of
trrigation arc wells, nalas and a few masonry wells.  Since canal system of
irrigation in a marshy tract is not desirable, tubewells have now heen provided by
the Colonisation Department,

SUB-SOIL. WATER LEVEL.

The sub-soit wiver level ranges rom 8 1o 12 feet resulting in dampness of
the soil and u large number ol water coflections  forming  potentiid  breeding
Maces,

METEOROLOGY.

The chiel characteristic of the odimate of this area 15 the great variation
hetween day and night temperatures, doe to moist nature of the soil.  With the
excessive moisture of the soil and greal heat of summer, the climate becomes
enervating.  These conditions of temperature and humidity, combined with the
weneral water-logged condition of the area, are favourable both for breeding of
mosguitoes and consequently for malaria,
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" The average apnual rainfall in the arca ranges from 40 to 50 inches.
Maximum rains are recorded in the months of July, Auvgust and September,
Rainy season starts earlier in the Tarai than in the plains. The maximum and
minimum temperatures recorded in the arca are 117°F. and 33°F. in June and
Januvary respectively,  The relative humidity varies from 21 to g2 per cent.

PEOPLE AN SOCGLO-ECONOMIC CONDEITTONS.

The population mainly consists ol two clasies of people, the mdigenous or
Deshi and noo-indigenous ‘Tharus and Bbuksas. The majority of adults and
children in the Deshi population have anemic looks and protuberant bellies. The
Tharus and Bhuksas being good cultivators, are economically better off than
the Deshis and also acquire tolerance sooner than the Deshi people.  Tn addition
1o these two types of people, a third type of migratory popviation irom the
neighbouring hills visits Taral in winter months to ecarn their hvelihood.

The people of the area are mostly agricultuists.  Paddy, sugarcane and
wheat are the chicf crops. Houses are usually made of mud walls without any
provision for light and ventilation. Cattlesheds arc cither sitvated inside the
houses or close-by.  The houses of Tharus and Bhuksas are better built having
hetter arrangements for light and ventilation.  Cattlesheds are usually built at
some distances from the bouses and the surroundings are comparatively clean.

MALARIA CONTROL.

For purposes of malaria contyol, the entire area has been divided into two
sectors, one on the cast and the other on the west of the River Dheta,  Thach
sector is ander the charge of a Malaria Inspector who s responsible ior 1.DUT,
spray and maintenance of records. Fle is also responsible lor the administration
of paludrine tablets, both prophvlacic and curative. The overall supervision
is exercised by the Antimalaria Officer,

ADULPIGIDAL MEASCRE.

Systematic indoor residual spraying ol all the human dwellings and cattle-
sheds with DT, 205 per cent watery suspension, preparcd with gum acacia
and gefatine, was used at the rate of 2 c.c, per sq. [t giving a deposit of 30 mg.
per sq. ft. In the beginning, the sprays were done every six weeks 1ill rg50.  The
frequency of the spray was rednced to four times in a year as the conditions
improved and the insecticide was changed to 50 per cent DT wettable powder.
First spray was carried in Marcl-Apnil, sccond in June-July and two sprays at
stx-weckly interval therealicr.  The villages sitvated on the forest fringes received
double dose, i.e., 100 mg. per sq. ok, at an inferval of <ix wecks up o 1953,
During the year 1954 only three sprayings were carried out,

Stirrup pumps used for spraving purpeses are fisted with double nozzles
having an aperature of 1/g2 inch,
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PALUDRINE PROPHYLAXIS AND TREATMENT.

Pajudripe 1ablets of 100 mg. each were distributed among the rural popula-
tion, Government employees and labour groups working in the arca.  The regime
followed was three tablets of 100 mg. each per adult in a single dose and propor-
tionatcly smaller doses 1o the children of lower age groups. The prophylactic
scheme continued throughout the entire peniad except in the months of December
and January ull rggo. From 1951, the prophylactic distribotion was restricted
to Government organised jnstitutions, Government employees and particularly
to the newly included villages falling on the fringes of 1he forest.  During the year
1954, the prophylactic distribution ol paludrine was discontinued.

For curative purposes patudrine was administered to microscopically positive
cases.  The regime lollowed was three tablets of 100 mg. cach per day for ten
days [oflowed by the wsual prophylactic dose of three tablets ol 100 mg. cach,
once a week per aduly, and proportionately smaller doses were given to the
children of lower age groups.

DEGREL OF MALARIA,

Spleen rate. - Children of two 10 ten yens of age were examined standing
for splenic enlargement.  The examinations were casricd in premonscon and
postmonsoon periods and the spleen rates are recorded in Table 1. The child
spleen rate which was 598 per cent in July 1949 was reduced to 3-07 per cent in
November 1954.

Tanty 1.

Llild spleen raie,

Years. Nurrher examinaed. Spdien rane por cent,
T e ; 159 ’ 39 -8
90 l 368 ti-7
1951 - 114! : 28
iz ( L G20 : KA
3152} 1183 ' 347
e PR S : 307

Parasite  rale~Both thick and thin films were aken and the results of
examinations are recorded in Table I Trom (he figures given in the Table,
it is evident that child parasite rate hay also reduced congiderably, ie., from 85
per cent in 1049 to 17 per cent in 1954,
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Tasre il

Child parasite rale.

Years, Nunther examined. ' Parasite raw per cent.
e
{431 31 [R5 34
[EE513 : (L {TH ’ -9
1952 : 1,129 ) 1-6
I 5043 5 1-3
1ikd FIEE . | I

1o will be observed from Table TII that the only infection detected in 1949
and g5 was P vivax but from 1951 P, faleiparum was the predominating infecrion.

Tapis TI1.

Percentuge species prevalence,

fnfection, E FRINE] . FHE] 14451 : 152 ; taag
P ",'|,-FI.1_;[- o h_. EELTS i R ) __"; D h . 1) !___I_l 4"" o
" daleiprnn I [[RY] -4 T 1R : Sy i Sy
&, witleia TR L I (LR LI 0 ) [{Nt]]
i . : :

Shixed [ 2. H-o [LET . ue3 [URT I -n

MALARJA MORBIDITY.

Percentage of malaria cases o total cases, attended at the Kashipnr Civil
Phigpensary from 1949-1954, is shown in Table IV

Malaria morbidity figures shown in Table 1V show a fall from 196 per
cent e 1949 to 139 per cent in 1g54. It is also observed that September to
November are the peak months for malaria,

ENTOMOLOGICAL OBSERVATIONS.

Altogether 24 catching swations, 12 in sprayed and 12 in unsprayed area were
ssiablished from which mosquito catches were made.  The collections were made
regularly. every week in the early hours of morning and the (ime employed for
vitches was hall an hour. The collections were made from catidesheds, human
dwellings and mixed dwellings. The different species of mosquitoes found in
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Tasue IV,

Percentage of malavia cases lo loial cases.

Percentage of malaria vases (o lotal cases,
I ; !

Munsihe, e ! : : PSS SO
1949 ;1% 1931 | 1952 0 1953 1934

lanuanhu! 1740 787 { 16°8 | 1006 94
Frbruary L 24 ' 0-34 I HE 73
March .. S R U - BN C S P RN
April I M w2 i23 . eus 18
May N L Y B TR 85 74
Tune .. . 151 ‘ [ERTLTH S Y I PR WG 7l
Julvy - P50 '. 87 13N 12 3y 129
Sugust .. 13-4 129 | TR - o6 l p3d
September o e e oz 0o D20
October BN 2i-1 ' o TRE I~ B S 1R ' 28
Novernbre . ! a9 1.2 ! AN~ S § 2 ; 17038 : -3
Deceuber y : SR D | 2048 15-1 ST 92

the area are . edicifacies, A. fluvtatilis, 1. subpictus, A. annudanis, A. pallidus, A.
splendidus, A. vagus and A, barbirostris,  In addition (o the species already referved
10, the following species were also found in small number from 1949 to 1952,
L. aconitus, A. vavuna, A. stephensi, A, maculatus, A, gigas, and A. minimus.

The munber of mosquitoes available for dissection during the years 1949 o
s34 was 128, which included A. culicifacies 1586, 4. fluviatilis 275 and A, mininus
67 but without positive findings.

The probable vector species of the arca are .. calicifacies and A. fluvtatilis,
GOST OF MALARIA CONTROL. MEASURES.

Temporary labour is engaged at the time of DDV spray which is trained
in 13.D.T. spraying technique before actual operation started. The cost of D.D.T.
spraying and paludrine prophylaxis is given in Table V.

DISCUSSIONS.

The control measures, as described above, in this arca have proved very
encouraging and belpful in view of the fact that all the developmental schemes
and industrial organisations which have been staried here, are flourishing without
any fear of malaria. The settlers, who were afraid of malaria in  the beginning,
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Cost of malaria contrel measures.

]
Logr ov IRTLTY seravs, CLosT OF PALGDRINE AND
: SUPERVISION.

s,

, Number | Fotaleostof  Per capita mst! Total cost of |

of E spraving, . of yearly prophylaxis | Poer capita cost,

Dospays. spraying. paludrine. E

PO A E— —— -

i ; Rs. as. p. Rs. as. p. Rs. as. p. i Rs. as. p.
49 . 3 1 2588 8 0 616 1 2032 8 o SR
3 N AT IR EINT 12 0] 5172 8 ot BRI
1393 : P I 032 6} LGy 3 0] 96 4

: : f
1432 ! R U IR E (LIS . #0112 9. A A
0 S SR 1T SR T 01 8 5 1 u! a9 101
194 ' 0 72 T STV Nil Nit

remained comparatively Iree from the disease. The dailv growing population
and gradual fall 1n malana is significant.

As a result of successfu) antimalaria measnres, Kashipur has grown to a very
popuions and flourishing town. A power-house has been constructed and the
energy has helped in developing many small cottage industries.  The town has
heen cleetrificd and Ramnagar, a notified arca about 17 miles north from
Kashipur, is also being electrified.  The rural area which was notorious for ils
anhealthiness due to malaria, is now humming with activitics and life. Jungies
and swamps have been cleared and almost cvery available fand has been brought
under plough. The population of Kashipur Town as well as of the area has
sincreased [our times. The economic condition of the people has also improved,
rubewells and pumping scts have been installed to provide trrigation as an
insurance against drought.  The malaria morbidity rale has considerably
reduced, ie., from 194 per cont in 1949 10 1379 per cent in 1954, along with
remarkable progress in food production from one million maunds in 1949 to 29
million maunds in 1954. Health and medical lacilities have been extended to the
entire arca in the form of mobile dispensary. Means ol communications have
improved both inside and cutside the area by construction of pucca roads.  Direct
vommunications have also been established with Naini Tal, Moradahad, Barcilly
and Ramnagar. Primary schools and cooperative stores have becn opened all over
the arca.

SUMMARY.

1. The report under review deals with the progress snder malaria control
measures from fune 1949 t0 1954.
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2. The hydrographical and meieoselogical features of the Kasbipur Tarai,
measuring aboul i25 sq. miles situated in Tchsil Kaghipur, Tistrict Nainital,
and their effect on malaria, have been doseribed.

3. Low economic status of the people predisposing them to infection of
malaria and hyperendemic conditions, as judged from spleen rate that prevailed
hefore antimalaria operations srarted and present conditions, bave been indicated,

3. D.ILY. spraying and patudine prophylaxis and treatment, method of
colfecting madaniometric data and per capifa cost of conteol measures, have also
been described,
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ANNOUNCEMUENT.
INDBIAN QOUNCIL OF MEDICAL RESEARCH.
Colenel Amir Chand Trust Prizes for Medical Research.

Ligvr.-Corowktr. Asir Unaxp, ox-Principal, Lady Hardinge Medical College,
New Delhi, has made a donation of Rs. 50,000/~ to the Indian Council of Medical
Research for the purposc of awarding prizes for the best published rescarch work
in the ficld of medical sciences.  The Governing Body of the Council has constituted
4 Trust called the, “ Colondd Amir Chand Trust” for the administration and
management of the Fund.

Six Prizzs, of almost equal value, of which some may be in the form of medals,
are awarded annually on an All-India basis for the best published rescarch work in
any subject pertaining to all felds of medical sciences in general including clinical
research,  The term,  Chinical Research ” will imply research into the mechanism
and cansation of disease, including its prevention and cure. Tt covers not only work
i patients in hospitals, but also field studies in epidemiology and social medicine
arnd observations in general practice.

TurEE of the prizes are known as, “ Basantt Devi Amir CHanp PrIZE”

It

and the other THREE, ° SHARUNTLA Devi AMir CHanp Prize 7.

Two oUT o THE stk PRIZES shall be awarded to graduates of not more than
ten years standing, counting from the date of graduation, provided that the work
for which the prizes are to be awarded, s of approved merit,

THE comprTiTORS for the prizes may be Mebpicar or Non-MEDICAL graduates.

THE sELecrioN of candidates for the award of the prizes will be made by
a Sclection Board appointed for the purpose.

In a JoINT PUBLICATION the prize shall be divided between the joint workers
in such propertion as the Selection Board may recommend.

It has been decided to award during 1956 six prizes of the value of Rs. 300/~
euch for the best rescarch papers in medical science published by workers during the
vear 1955 {15t January to the 318t December, 1955).

Tue awarp of the prizes will be announced at the annual mectings of the
scientific Advisory Board and the Advisory Committees of the Indian Council of
AMedical Research, to be held at Mysore in November/December, 1956,

THE CANDIDATES are required to submit 10 REPRINTS of their papers published
during 1955 These should be sent to the DirecTor, Innian Councir. or MEDICAL
Resrarcl, ‘P’ Brock, Rastva Roap, New DerHI, so as to reach him NOT LATER
THAN THE 15T Avoust, 1956,

Tur Papers should be accompanied by a short biographical sketch and 1wo
copies of PASSPORT S1ZE PHOTOGRAPHS of the worker or workers concerned.
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VNATURAL TRYPANOSOME, SPOINFECTION IN INDIAN
QUATL (COTURNIX COAMMUNIS— STUDBY OF THE
MORPHOLOGY IN DIFFERENT AVAIN HOSTS.

3y

Lo reCotonen, PASIWWANT SINGH, wanchos, BEdins, noeon Engll,
nort, & . Londoni,

Pooo BASL, wanc el wonc Bonn, norw & o
AN
V. DANVED.
Maluria fustitwie o) India, il

Cohdae ROLG, )

Fae occurrence of 4 natural trypasosoime infecdon in Tndian quail  Comrnin
compmenesy and the snsceptibility of chicks, parrots, sparrows and grey partridges
o this infection, has alrcady been reported by Basu, Nair and David  (1953),
Vhey had observed thal infecied bload From gnails, inoculated ta chicks, parrots
ele, developed the mfection in these hosts,  The present paper describes the
morphology, the course of infiection and the pathogenicity of this trvpanosome
i difTerent avian hosts,

MATERIALS AND METHODS.

Host, - Vhe course of trypanosome indection was studied i three differem,
avian hosts, vie, sparrows {Passer dumesticus Linnaeus;, pavrois {Palacornis torquates)
and chicks, Al the birds wsed in rhis investigation, excepting (he lahoratory
hatched chicks, were obiatned ftom the local bird market.  Birds, other than
chieks, were examuned daily al least Jor o week prior ro experimentation, to
determine thae their peripheral bleod was free from any natural trypanosome
ifection.

Parasite. - The same steain of rypanosome obiained originally from quatls
hiood Basu, Nabr and David, 19550 was translerred to different avian  hosts,
Fifty quails (Cotrmix communis) were siudied for a peried of one month and during
the entire period only one isolated trvpanosome was seen in the biood smear of

N7
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ane i the bivds. Phis served as the maerial for the stady of the parasne i the
sathural host, Gelwrniv communiy.

Al biood smears were fixed with methyl alcohol and stained with 1LS.B.
stain.‘The intensity of infection was determined by counting daily the number
of trypanosomes per 10,000 ervthrocvies.  An Ehdich’s eye-picee was used to
Sicilitate the counting,  Tor the study of the morphology ‘of the trypanosomes,
dimensions were determined with the help of a micromerer scale. The figures
given are masilv the averages of a large pumber of obscrvations,

The drawings of trypanosome in the text ol this paper, were made with a
caera ncida under a standard magnification of 1623, Qrgan smears {rom quails
showing no trypanosome in the blood. and from chicks and parrots during the
twseending phase of trepanosome infection, were prepared, bui they re vmlf‘d no
LY PARSOMOS.

{nsect hosts. --Lighty-six €, Jatigans mosquitoes, which bhad fed cither on
heavily inferted parrots or on quail, were dissected hetween 3 and 24 davs of
reeding bat failed to show any developmental forms of the  parasite in o them.
similarby 93 Aeder wegypli mosquitocs which had fed on naturally infected quail or
heavily nfected chicks, or parrots (as judged by the presence of 1wrypaposomes
in thetr peripheral blood), were dissected between 4 oand 14 davs abrer feeding,
Il in these also no development of (rypanosomes coudd he seen.

EXPERIMENTAL DETATLS.
P PRYPANOSOME INFEUTION 1IN CHIGKS.

t tiowrse o) yection. - Pwo chicks iNumber 344 and 888 received 202 o
v plood intravenousty from Quail 8 which did not show any trypanosome in e
weripheral blood.  In both the ehicks, the infection became patent within seven
o ten days of inoculation.  In Chick 349, trypanosomes were seep in the
peripheral blood for the first four consecutive davs of the patency, therealter the
flagellates were seen intermittenily in the pvnpheral blood for another 15 davs.
The infection in this bird did not go higher than four trvpanosomes per 10,000
erythroeytes.  Organ smears, prepared after sacrilicing the hird, did naot show any
trypanosome.  In Chick 686, the trypanosomes were seen in the blood smears for
wn conseeutive days,  Thercafter, the peripheral blood became negative and
remained so for the following ten days when this bird died.  Organ smears did
uol show any trypanosome,  The course of jnfection in Chick 686 is presented
i Chart t.

Gty Morphology of the fryprenosomes.-- -In stained blood smears, the (rypanosomes
are markedly polvymorphic consisting of three forms, namely, small {11 to 132 3
Plaie I, Fig. ¢), medium {15 to 20p (Plate T, Fig. 6 and large (above 2k j
Plate I, Fig. o), the large lorms were found very frequently.

Shape.—The body of the trypanosome has a sipuous fusiform shape, The
anwnor end is gradnally tapering and pointed, the posterior end s abraptly
noinied. '
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Cptoptasn. Fhe vytoplasm s granuiar i appearance. In many specimens,
oy to SiX or more vacuoles are observed  posterior (o the nocleus. Vacuoles
pecwr wdso i the oytoplasm avcerior (o the nucleus but they are not so common,
In the small forms, the protoplasmic body is onlv sparingly vacuolated.  The
number of vacuoles are generatly more with the larger forms of the trypanosome.

Nuelens. - The nucleus is situated in the anterior hadf of the body and stains
vinletered 1o colour in conirast 1o the deep blue of the cytoplasm,  Usuvally, the
nucleus is elongated in the majority of the trypanosomes- -the long axis of the
sucleus Wing across the Jong axis of the flageflate. In others, 0 is more or less
pval. The chromaiin granules are grouped into one or two deeper staining masses
within the psuclens but no constant pariern is noticed. . A prominenm halo, eiler
comphetely or partiadly surreunding the nuclews, is seen very often,

Hinetoplast.  The kinetoplasts ave round or oval situated either at the posterior
extreaity or a short distance away from 3. The size of the kinetoplast is slightly
variable in s dimension.

Blepharoptast. - The blepharoplast is not observed in any ol the specimens
and e axoneme appears to rise dicectly from the kimetoplast.

Flagetlum. - -The fagellum appears o anse divectly [rom the  kincwoplast
andt rans along the horder of e undulating membrane and findly eads in a
distinet free Hagellom,  The flageftum is onger in the farger forms.

(o four small folds,  The membrane s completely hvadine in structure,
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Dipension,  Fhe average dimension of each of the three forms of irvpanasome
i eivicks, e given in Table T

Taser |

Frepanesome dimensions i cliicks.

Partivulars. Yrnatl o Medium
fortny (54}, forms (pi

By length w widil $125 0 B

o Nuekeys dengsh - owidhhn AU RiRN £ SRS 3 R R

3 Kivelaplast digmeter T i J 0y LA
1, langth of the Free lageitam A 1 Tt . N2
. Uonabienih of the boy including the flagelluend 505182 2

9. TRYPANOSOME INFEUTION IN SPARROW,

t1 Cetrse of mfection. - -Ome sparrow was inoculated  intravenousfy  with
2 e, of blood from Chick 686 referred (o above, showing irvpanosome in the
biood.  Fhe peripheral blood of the sparrow became positive 12 days after the
moculation, and remained so for four consecutive days,  The bird died thereaiter
. the organs did show no trypanosome,  The intensity of infection did not
~xeeed 14 trvpanosomes per 10,000 erythroevies on any day during the patency.

i Morphology.——The morphology is essentially the same  as  described
abready. Only the medium and large forms of trypanosomes occur in this host,
The undulating membrance has three to five folds (Plate T, Fig. 4, ¢ . /).

The average dimensions of each of the two forms of trypanosomes are given
i abic T

Tanir H.

Vrvpanosomes Adimension v spareow.

¥

Particulars. Medium fomls{_#}i Large fwems (40,
foBody ihengd v widthy . 3%as L 1e9xss
o Nucleus flength X widdhn B 5 A ' 3r2at4
S0 Rsectoplast diameter NV 5 . -3
i, Length of the free flagellun: S G4 : 5

i
pun
('

G Totatlengtlr of the budy ineluding the flagellun .. 19-4
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3. PRYPANOSOME INFECTION 1IN PARROS.

v Conrse oy u.*jmr:m Pwo parrots (Number | oand 2} received intravenous
o ul.lilrms of 005 c.c. of pooled hload from two quails which did not show any
trypanosome in the peripheral blood on microscopic examination, Both the
PAALTOts became positive [or (rypanosome within four o six d':ys, of inoculation.
The infection renvained pafent for about three weeks in both.  Fhe blood of both
ihe parrots remaind (ree from the Hagellate during a subscquent period of observa-
tion for two months. Fresh parrots sub-inoculated with blood, obtained from
Parrots 1 and 2 during the post-patent period, did not develop any infection,
The course of trvpanosome infection in the parrots is pregented in Chart 1.

iy Morphology.---The morphology is essentially the same as observed in
chicks, Only the m{'dium and large forms of Lrvp‘mmnmc are seen. The
nadulating membrane has three 1o five folds (Plate 1, Fig. ¢, #), some greyish
byronwn grzmn!(..& are sren in the eviopiasm.  The average thm(-nsiom of vach of
the two forms of (rypanosome are given in Table TTL

fo TRYPANOSOME INFECTION 1N QUALLS,
Only on u sigle occasion, i rypanosoiie wits seen i a Hood smear of a
quail.  The morphological features are essentially the same, but the cytoplasm

containg some greyish brown granules (Plate I, Fig. /Y. The dimensions of the
irypanosome are given in Tuble TV,

Tanie IIE,

T rypanosome Ainensions in parrols.

l’m-!ia;ulaw ;M;:dium forms Wl Larvge forms {#}.

L !kdv fh rwlh \\Ndll!} u 12-3xoc4 . VPhv4T
2. Nuclews ”mgthwndlh) L Frde b7 ) Ixl-8
3. Rinetoplast diameter L e -4 ! -8

4. Leagth of the free flagelham i q 4]

v Total fengih of the Lady inchading the flage Hun ; i3 ' 278

Tasne TV,

Trypanosone dinwnsions in quail.

Particubars - Dimenstons {6}

! no(h -!mq(h qu!th} I 15334
2 Nucleus (length = widtl) v HERS N )
3. Kinetaplast dismeter e ! -

. bangtl of the free Bagellam : 8-

v Peral lengih of the hody ineluding the ﬂag: Y 23-H
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DISCUSSTON,

A dwrge wamber of species of birds have been found 10 be indected with
iry panosomes (Knowles, 1928; Hewitt, 1940; Garnham, 1954; Maawell, 1934
14955\, bt the available fiteratures, both in the natural host and in other suscep-
iible hosts, are rather limited. Bird trypanosome morphology, with figures and
scasurements, ave been worked out in black birds and thrushes {Coles, 1914).
A comparison of the dimensions of the trypaposome in rhis investigation shows
that it is much smaller than the species found in black hirds and thrushes, and
mrobably belongs 10 a diflerent species,

Owt of the large number of quails examined over a long perfod, onty a single
revpanosome was seen in the peripheral blood of one of them,  This shows that the
patural infections in quails are difficult to detect by routine blood examination.
Susceptible chicks and parrots, when inoculated with blood obtained from different
quails, do not always develop the infectdon showing thereby that all ¢uails do
not harbour the infection,  Gonversely, quails inoculated with blood containing

trypanosome {e. g., chick and parrot blood, showing trypanosome)}, failed to
dievelop patent trypacosemiasis, showing therely that a good amount of acquired
nnmunity is present in quails.  This suggests that most of the quails, available in
the local areas, are infected in the nestling stages and the infection dies out in most
hirds as they become older, That young bitds in the nest, only a few days old,
rmay be found infected with fryvpanosomes, has long heen established {Wenvon,
19263,

The fact that (his rypanosome is ineculable to a number of diflerent avian
hosts, shows that it is similar in (his respect to 7. paddae {Thiroux, 1903) of the
Yava sparrow {AMwnia eryziverae) and T foxie of Lexia curvirostra (NoHer, 19201,
The parrots are most susceptible to this ypanosomiasis compared o chicks and
sparrows, but cven in them the infection s of a benign nature and apparently
non-pathogente, as judged from the fact that none of the parrots died of this
infection,

Marked polvmorphism has Deen noticed in this  trypanosome and  the
{indings show (hat the trypanosome attaing a larger form in the more susceptible
hosts.  ‘The readiness with which this trypanosome ¢an be seen in the peripheral
Mood and the failures to obtain the infection in the Culex mosquitees, prove this
species to be very different from another gpecies of trypanosome {sp.) found in
sparrows in which the infection remains cryptic in the avian hosts, but easily
demaonstrable in the invertebrate host (€. fafigany) {David and Nair, 1953},

No dividing lorms were seen in the Dlood smears nor could they be Jound
i the nssue smears from chicks and parrots obtained during the period of ascending
mlection. So ne indication has been ohtaimed as 10 where the parasites are localized
andd where multiplication occurs.  Limited transmission experiments show that
1. fatigans or Aedes wgypti may not serve as the invertebraie hosts,

SUMMARY.

The morphology and dimensions of 4 rypanosome (sp.} ocuurning as a natyral
infection in Cofurnix communis {quail} are deseribed as it appears in different avian
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host.  The couwsse of this trypanosome imfecton i chicks and parrots s also
deseribed.  Limited experiments tend to show that (. fafigans and dedes egypti may

HOY et as the insecl veetors.

Past, P, L0; Nair, UL Foand Daven, A

Clorws, A (LB L

{1avtn, AL and Nam, GG P 19560
Craruian, P00 Gl I}
Hewrrg, R (1180}

KnowLes, R. {1928}

Manwenn, R 12, (0854)
Fdenr {1933
NuLiER, W, (TN
finroux, AL (1
WENYON, (M {1520

REFERENCIES.

- H :ﬁ.‘l."JIE

Bull, Nat, Yoo, tnd. Mol Mosg. Dis, 3, po 10,
Parasitel, 7, . 17,
Ind. {. Mal., g, p. 95.
Prog, Linnean Society of London {1352:33) PL Y, p. 6L,
3. Purasitel., 26, p. 287,
Introduction to medical protazaolugy, p. 268,
Thacker bping & Co., Caleutty,
- Porasitol, 4o, p. 229,
o Pratozeal. =, 10, 21,
drch, Schiffs-—u. Frop, Hyg., 2d; p. 168,
dun, Inst, Pastenr, 19, . 03,
Protezoolary, Vol L p. 38, Bailliere Tindall
amd Cox, London,






Indtan Jowrnal o) Malanology, Wy, 3, Sepiember 12050,

STUDIES ON PLASMODIUM BERGHED VINCKE AND LIPS, 1948,

XX, Isolation of and ohservations on a  Milk-resistant
strain. :

oy
. RAMARKRISHNAN,
SATYA PRAKASH
AN
4, POSEN GUPTA
Mualaria Institwie of India, Delin.
P May 3, 1950.)

A pEysioLoGiial difference i the requitemens of  para-aninobenzoic
wid by a sulphadiazine resisiant strain of P. berghei was demonstrated by Jaswant
Singh el af. (1954).  They could not observe any growth inhibition of the strain
in mice fed exclusively with milk, while growth of normal strains was found
be inliibitee in similarly fed rats and miec {Macgraith #f of., 1952; Ramakrishnan
ot al., 1953 ; Hawking, f%%)

The case with which P. bergher can become resistant o sulphadiazine and
consequently indifferent to the absence of para-aminobenzoic acid, has Dbeen
reported by Krishnaswami ef al. {1934) and Jaswant Singh et af. {i(-15=!-}.

Therefore, i would appear that a normal population of P berghet s
heterogencous o the extent that some members are present (o whom para-amino-
henzoie acid 1s pot an essential nutrient.  II this were so, it should he possible
o select such individuals from a population in hosts fed exclusively with milk as
't has been shown that milk is defickent in the amino acid {(Hawking, 1953} and
such milk-resistant ™ individuals should bhe refractory o treatment  with
sulphadiazine as well,  This paper reports the result of an experimental approach
w such a study.

i

MATERIAL AND METHODS,
The atbvino rats and mice used in the investigaiton were (o the colonies
maniained at the Institste. They were approximately twenty and sixteen weeks
uld respectively.
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The control animals were fed on the normal colony dict [ Jaswant Singh
i al., 1954} and the experimental animals were ted exclusively on Klim as
deseribed by Ramakrishnan e al. (1953). The milk diet was commenced
un the day of inoculation and continued 1l the end of the observation. The
cxperimental animals were housed in special metabolic cages to  climinate
corpophagy.

The strain ol parasites was the same as used in the previous experiments
and maintained in albino rats, Three sets of observations werc carried out and
the numbers of serial passage of the normal strain at the time of the experiments
were 207, 233 and 237 resepectively.

The dose of inoculaiion was one million parasites per animad as i the
previous studies. In the case of the experiments to assess the presence and degree
of resistance to sulphadiazine, the dose of inoculation was 5x10° parasites per
mouse. Al inoculations were made through the intraperitoneal ouie,

The procedure for counting the daily parasitwmia, adminsstration of sulpha-
diazine and the criteria for assessment of the presence and degree of resistance to
the deug, were as described previously (Krishoaswami e al., 1954},

The method followed 10 sefect parasites which were indifferent Lo the absence
of para~-aminobenzoic acid in the mitk diet, was essendally the same as that
tollowed to select and grow sulphadiazine-resistant individuals described by
Krishpaswami ¢f al. {1954). The scrial transfer was made quickly in suceession
irom animal to animal. In the iniual stages when parasitemia was not patent
in the peripheral blood, known quantities of blood from the donor were inocalated.
But when the parasites became patent, one million parasites constituted the
moculum,

RESULLS,

Three experiments were carried out, two in albino rats and vne in albino
micy, to establish the possbility of isolating and growing from the normal
popwlation of P. berghet, mdividuals that apparently are indifferent to the absence
of para-aminobenzoic acid in the milicu,

Table I gives the protocol of the first cxperiment in rats. The daily
parasitemia in Rat 2312, the first in the scries to be put on the milk diet, was
very low till the 18th day following inoculation, Between day 19 and 22, the
parasites were patent in comparatively larger numbers indicating thereby asnevival
ol milk-resistant individuals., In the third serial passage in Rar 2575, the
parasttemia between day 7 and 12 was comparatively high and frem the fourth
serial passage onwards the growth inhibition observable in the carlier period,
hecame progressively less.

Table II contains the protocol of the sccond experiment.  Once again it
was evident that selection from a normal population of members, indiflercnt 10
the absence of para-aminobenzoic acid, was rapid. In Rat 2800 of the secoud
serial passage, the parasites were patent in sufficient numbers in the blood
between day 7 and 13 following inocuiation,  TFrom the rhird serial passage
onwards, the parasitemia became progressively higher.
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N. P Ramakiisiman, Satya Prakasi and (0 P Yen Gupia, HiY

Pable 11} contains che protocol of the third experiment, where the previous
observalions in rats were confirmed in mice.  Here again the sclection ol a
“milk-resistant” strain appeared (o be easy and from Mouse 1918 with the third
seriad transler, the parasiemia hecame progressively higher,

Having estallished that o milk-resistant 7 strain of P berghei can be isolased
andd grown selectively, it remained o be esamined ifsuch astrain would aso exhibit
resistance 1o sulphadiazine,  Such o ¥ cross resistance 7 was 1o be expeeted as the
sirain appeared to possess an innate capacity 1 thrive in the absence of para-amino-
benzote ackd, Table TV depicts the protocot ol the experiment in mice to deter-
mine the susceptibility of the mitk-resistant strain 1o sulphadizzine, Tt was found
that the * milk-resistant ” strain was not affected by (112 mg. of sulphadiazine
which clears the peripheral blood of parasites in animals infected with the
normal straim: even three times this dose was found to be ineffective, Tt should
be remembered that the milk-resistant strain had been isolated by serial sub-
inoculation of parasites surviving in hosts ted exclusively on milk and had not been
exposed o the drug at any stage previously,  This s perhaps the first instance
where a strain, without previous exposure (0 a drug, exhibiied resistance to it in
the labor dlmy.

DESCUSSTON,

The eftect of nutk dicr o host asimals oo the growsth of 2, bargher would
appear to be complex,  Growih inhibition ol parasites, doe to milk diet ol hosts,
has not been a constant observation by different workers.  While Maegraith
¢ al. {1952), Ramakrishnan o . {1953} and Hawking (1933) recorded that the
I)H]ll[(!dll{)n of P. berghei was inhibited il the vertebrate host was fed purely on
with, Schreider and Montezin (19537 did not observe any such mhxinuon of the
same plasmodium in mice led exclusively on milk.  Likewise, Gallivwd ef f, (1954}
coudd not draw any conchusion with reference to milk, con‘;lslt‘nth inhibiting
petrasiic growth, The population of a4 given strain of P, !wgfre.' not b{'mg home-
geneons, but confaining varying proportions of iadividuals differing in their
sensitivity 1o sahsence of para-aminobenzoic acid, appears to be a possible explana-
on for such apparent mconsistencies, 1 suclt an explapadon is tenable, then it
is conceivable that the strain used by Schieider and Montezin (1953) consisted
predominanily of individuals insensitive to the absence ol para-aminobenzoic
aciel.

It s apparcol from the resalts of the studies reported beve thae the growth
tiliibition of £, dergher resalting from an exclusive mitk diet 1o host animals can he
overcome by rapid seriul passages of the parasites through a scries ol animals el
similarfy.  Here again the explanation would appear to be that a population of
a npormal strain of parvasites coniaing individuals which are not sensitive to the
ahsence of para~-aminobepzoic acid, a factor deficient in milk. It is obvious that
such individuals are given a chance (6 selectively breed during the serial passages
through animals fed on milk.  “That the strains developed by this technique are
nut sensitive 1o the absence of para-aminobenzoic acid, is confirmed by its compa-
rative refractoriness to sulphadiazine,
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fhe dose of impcutting toas D edfon parasties each from Kat 2592 infecied
with the ** milk-resistant 7 strain.
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Pz Poshive. N=Negalive,
FrSulphieueine solution wos administered miraperitoavally onee in doses of 00 12 mg. 20 @n, body
wenght (¥} and 835 g /20 g body weight (1) respeetively.
1.0 mend of alservation.

g ad variaton of parasites intheir response (o cevtain inhibitory factors is
not entitely unknown. Such a nawural variation of sieains is discussed by Covell
2 gl {1955} who present observations ihat cortain swains of P, wvax as well as
P, fulerparam ddiffer in their response 1o tiwe same doses of anptimalarials.  The fact
that paludrine resistant strains of several species of plasmodia can be selectively
hred with ease in the laboratory as well as in the field {Krishnaswami ef al., 19543,
would appear to confirm the hypothesis that o given populaton (strain) of
parasites probably contains individuals ol varying sensitivity to the drug; the
Mrican strain referred to by Covell e af, {1935} pmlmbn contained predominantly
dividuals Tess sensitive than others to pa!udnnv

Resistance of plasmodin to chemotherapeutic agents would thus appear
t0 be more 2 natural character present in some indivi duals of « population, which
are isolated by sclective inbreeding, rather than an adaptation Lo adverse environ-
ments of susceptible individuals. Tt ois for consideraton  whether the rerm
Tacquired o commonly inouse in respect of drug ovesistance m o the field ol
chemotherapy, is rafional.

SUMMARY.

Fhe normal steain off 2 beigrer would nppear to Boe o bisiune of Lo straius,
ane suppressed by mitk diet ;md the other resigrant o mik.

A mitk-resistant ” sirain of £ berghet was isolated [rom the standard faboratory
srain by serind passage through wibino rats and mice led exclusively on miltk,

The strain thus developed, showed n natural resisranes to sulphadiazine,

Fhe pessibitity of drog resistance of plasmodia being  an inherent and
narural and not an acquired character, 15 discussed,



182 Ohseroilions on & Mik-Reststant Sham of P. Berghe,

REFFRENCES,

sankbs, G, Uoarsey. L By P, 1 WL and
Jaswane Sivan (1953) oo Lhemotherapy of maiarig, g, 28, W ld Heallin
QOrganieation, Geneva,
tranutanmy 1, Lapmese, ) and Mukaw:, |
{1064}
Haverme, oo HES)
tasee AT SinGH, Ramarpispran, S Pl Sana
Prakasit and Boarsacar, Vo N0 01854 0 Iedl FooMall, B, po 300
mNaswaMi, A, Ko Sacva Praxaso and
RamakrispNan, 5. PO (T954) .. v dnd. F. Mall 8, po
Moscrared, bGo, Thezcan, T amd Joses, T S0
{E
RALAKRISORAN, 5. 15, Saryva Prakasn, Kisina-
s, A KL aadl Ciianan Seveay (1953) ... Ind. 7. Mall, 3, p. L
seavelER, 1. and Mosrezie, (o (1953} . Bull. Sec, Path. Exof., 46, . W17,

Ball. Noo, Path, Fxol., g7, . 384,
Brit. Med. F., 1, p, 1301

Brit. Med. J.. 2y p. 1352,



Feidean Jonrnal of Malarilagy, W 3 Sepiemibor it

OBSERVATTIONS ON ASSOCIATION OF AQUATIC VEGE.-
TATION WITH ANOPHELINE-BREEDING WITHIN
DAMODAR-EDEN CANAL ARFA OF
WEST BENGAT.

BY

BOPNEOGY
AND

P, KAGHROO,

“Malaria Researcic Laboratory, Diondar Valiey Corporativn. Surdwean, India.:

INTRODUOGTION,

The vebuionship between aguatic vegetaion and anopheiineshreeding has
toiy been r('mqni‘;t d but detailed studies in this direction have not been extensive in
India. Sen’s {1941 :1954) account of aguatic plants in the ‘mfns_,\ of anopheline mos-
quitoes, the preference of anophelines (o some planl associatons and the changes in
the fauna accompanving changes in the flora in tanks, is 1the only dezailed study
from (his region avatlable o the anthors,

In the present invesligation undertaken during 1934, o dewailed aecount
of reiationship of aquatic vegetation with ‘m{)phelmcb within the Damodar-Eden

Canad arca, i presented,  Aquatic vegetation s divided into a few hroad plang
wvpes {Hess and Hall, 1945) and arranged with respect o their relation  with
incidence of anopheline-breeding, and the changes o the plant covers are discussed
i realtion to changes in the intensity of hreeding. —An attempt has been made
w isolate the association ol individual plants with individual anopheline species.
A tist of plants, found in the breceding pools and in some or other way associated
with anophelines, is appended. A detailed hist of aguatie plants will appear
vlsewhere.

This work forms a part of investigations concerned with  breeding  and
reoiogy of possible vector spreies of malana within Damodur-Fden Canal arei
of West Bengal,  For this study, the bilowing places, within the Burdwan District,

183 )



L Assacintion of Aquatic Vegetation weqth Anopleltne- Brevding.

were selecied,  Drigated areas: Gaisi and Babla {upper end), Koshinpur iid
Nandipur {lowes end); Unirvigated arcas: Kolkol and  Pursha fupper end;,
Cthotkhaod and Alipar (Jower end} (Maps 1{a}, 1(8), 1{e}). The arcas lying west
o Bardwan Towu are termed as opper end and those eastwards as lower end.
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Mar r{c).

SELECTED TANKE

Mar Lo e Bocation o0 Hagss o Yaeeie Uienad sca,
VEGETATION OF BREEDING PONDS,

Yoo Fmniis, pends aud debas ¥ - The anophehine specics commonly hreed whess
~ver water collects but o higher incidence of their production is met with in
oresence of vegetarion {Hinman, 1938).  The various breeding pools show different
combinations and associations of flora and it i possible 1o groap this Aora in a few
plant types.  The significance of each type with respect 10 hreeding is of great
mmportance, particularly to eyclic flactuations and s intimate connection with
water-level management for malaria control. The various plant tvpes are {e.f0 Hess
and Hall, 1913 Penfound, 19553

d atieg feaf--Has a high colonization potential since itocan also
extend breeding area into deep water,  The floating parts can rise
and [l with water-level.  Main constituents are: Nymphaea, Nelum-
dium,  Limnanihemum ~-ocourring  alone or in association {Plate 1T,
Fig. 11

¥ A daba is a smalt colleetion of water which wmay dey up during winter, a depressod Tanel iswde deepey
ik regrlae in shape.
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bsvoctatton of Aquatic Vegetation worth anopheline-breedug.

Hevuous. - ‘Fypified by marginal cmergent bele of leafy grasses, Limmr-
phala, Polpgonum, stray patches of lloating leal type, Pistia, Aponogelon,
Nagittaria, irieularia and other Jeafy erect shonts. The Hexuous
portions can rise and fall 1o some extent with water-level and provide
favourable habital for Yarva,  This accounts for their high potential
“or anopheline production {Plaue 11, g 23,

Soating mal. -Most species { Jussiaea, Ipomara, Sernanthera, Hygrorhiza,
stelyoare rooted 1 shallow waier near the shores and extend later on
water surface.  The much beanched stem forming o mat provides a
high breeding potential {Plate TF, Fig, 3}

Larpet, - Pistie, Fichornia or Saleima when ocourring as a complete
carpel without any water susface, brings down breeding to minimum
strce water surface is choked-up,  But if due to external agencies the
mat is hroken up here and shere, it pravides the best hreeding place
Plaie T, Fig. 4).

Frect leafy. —~Here leaves are produced only on those portions which
arv ahove the wiler swrbace and these acrial portions only create
“intersection values  [lor i detaited discussion of intersection values,
reference may he made 10 Hess and Hall {1948}, ¥, Nai. Aol Soc.,
z, pp. 93981 Mainly inclades marginal grasses. Limnophile and
OIS,

submerged. ~Chara,  Valliswerea, Ceralopivtion, Polomogeton,  Spoungeton,
Hydrille ctc, when oceursing purely as submerged fora is greatiy
handicapped due 10 lack of emergent vegetation which makes 1t less
useful 10 larve,  As a secondary associate of emergent flora, iv s of
wime benefit 1o larvie,

Plowvion. - Minuie plants floating {ree at the water swoface such ag
Lemng, A4 zolla-mat,  Larvie potential is very low or nil.
Microseapteal.--Has a very low potential [or breeding, mostly of 2 red
warn formed either by decaving Dlue-green algar or dinioms or both.
When formed by unicellular green algae, larval potential s slighily
stgnificant.

Phe refative poteptial importance of cach plant type, in relntion (¢ anopheline
sroduction, s iHustrated tn Ghare 1 and Table 1, The total sumber of Jarve
sven i or the period July-December, 1934, Larva were collected once a week
2 ovach tank and vach saraple represented total for 25 standard dips with a Gying
i having a diameter of about seven inches {also for data given in Tabje IV},

Tt is of interest to pote that the floating ioaf type provides the most congenial
habitae for hreeding, with flexuous and mat type coming next in precedence.
Fhese are the main plant iypes that occur in tanks, ponds, e¢tc.  How (ar the
milividual probable veetor species follow this sequence, is shown in Table TL

It appears that A, pallidus has 1twe maxima: in floating leal and flexuous,
wivvivas all other species foliow the normal sequence ontined for the larvae in
seneral (Tabie D) except that o AL philippinensts {basing these results on the meagre
colleetion) the maxima s in floaling mat.
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Cnawrr 4,

FLOGATING LEAF

B FLEAUCUS
_ FLOATING  maT

TARPET
| erecr LEARY

SUBMERGED
§ PLEUSTON {Micnoscomc)

Caart Lo Waelatve potential importases of various plant Svpes smanopindine pradaction.

Tasre 1.

Relative folentiel importunce of vasons plant Wpes i anopheline production,
Plani ype. - Aunephelive production Total number of
peential, £ Jarvac eollected,
Floating leat’ . Very high
Plexaons L High
Floating niat .. High
Clarpeel Low
bareet ey Very low
Suhmerged Viery Jow
Peuston NH i
1

Tanrw M.

Relative fncidence nf probulbie vector species in plant fypes,

SPFCHES 0F ANOPHEES.

Plistt type. e e g e
Jilippineusiv, ! rulieifiteies. | patlidhs. anpularis.

Floatingg leaf it I T ’ 31 1%
Elewnons ! ) 4] ) k¥ 25
Floatiog ol 2 : 4] H 8
Uarped i | Ry B
Voeol leafy 1 ) : 3 1.

; i : 1 1
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Associalion of Aquatic Vegeiabion with anopheltne-hrecding.

The various tanks selected for this study are grouped o these plam tvpes
‘Fanie [T, with the dominant flora, lor the period Jubv-December, 1951,

Fanry JIT.

Classificatvon of elecled tanky according lo different plant ypes.

Bhral tvpne

Yloating leaf

Plestings
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2. Paddy fields, depressed lands and fallme lands, - The plants that occor in
hese brecding places are convenientdy divided into three categories: terrestrial,

semiaguatic and aquatic,

In paddy fields, mostly terrestrial or semiaquatic plants

zrow and the truly aquatic fiora is restricted to such species as Utrienlaria, Sagitiaria,

Aponogeion, Lemna and Azella,

However, the ficlds lving nexr 1o irfigated canals
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and inundated by them show oiten truly aquatic flora of the flowting type, e.pg.,
at Krishnapur {Plate ITI, Fig., 2} or the choked-up fields at Burdwan with the
species: dgolla, Salvinia, Hyvdrilla, Ceratophrllun, Limnophila, Najas, Jussiaea ete.

A corrclation Detween the growth of alge and the water table is observed in
the paddy fields; as warer recedes, the alge diminish, then finally when water dries
up, there appeny such algal species as Profosiphon, Botrvdium cte., both often associated
with Ricda.  When the fields dry up completely, moulds of perennadng alge
can be detected here and there, Av a number of places, il undisturbed by other
factors, the algal acuvity goes hand in hand with the incidence of larve, since
algae constitute their main foord.  Yet it may be noted that the breeding of
anaphielines as a whole is meagre in paddy ficlds, '

Larvad [ood supply being nearly similar in quality and compuarable with that
wn fatlow land, 15 evidently not responsible for (his grear discrepancy in the number
of larvie in paddy ficlds; nor cowdd this be due to activity of larval encmies because
ihey are numernus where larvae are most abundant and least where larvae are
praciically absent,  In Californian ricceficlds, this discrepancy is connected with
the presence of bluc-green alga and scum by Purdy (1920} and Gerhardt (1954).
But during the present investigation, biue-green algae accounted lor a similar state
of affairs only at Nandipur {Kachroo, 1936).

In the depressed lands, the aguatic Hora, both submerged and floaling
frooted and free Hoating) find a convenient refuge and often floating type
dominaics {Plate IfT, Fig. 1),  The marginal flora is mainly of marshy plams and
1 some degree of aguatic species, the ceniral of floating type. It is, however,
during rains that nearly all plants near the banks are swallowed-in,  This class of
habit inclades such species as |, Cassia, Polygonum, Rivinus, a host of Cyperaceae and
Giraminaceae and a number of frailing herbs, At this period of the vear, the
vegetarion approaches that of a pond.

In the fallow lands, the vegetation is mainly of marshy plams: deschynomene,
Nesbania, Neptumia, Enhydra, Acanthus, and the terrestrial ones; the floating being
suarce {since the chances of prolongation of life in (hese circumstances are far
less as compared to those of the depressed lands which are  permanent water
collections}, Having this advantage, thercfore, the incidence of larva in the
tatter is much more than in (he paddy fields or the fallow Jands. Tt is not surprising
that the depressed Jands have the same breeding polential as that of the dobas or
the ponds,

With respect to association of paddy fields with anopheline production, it
may be noted that they play a very insignificant role in this direction (Table IV},
It is not improbabie that much cultivation might bring down the production of
probable vector species in this region,  To realize the same it would be necessary
and desirable to see that the nearbv depressed and fallow lands are dried up and
fitted with earth.

3. Changes in vegelational cover and ils bearing on breeding. ~An clucidation of
the relation between the larval incidence and the relative growth of the vegetational
cover is provided by a silty water tank at Kolkol {GI. 45), and a depressed land

with clear water, at Alipur,
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TanrLe TV,

Incidence of larval species in paddy fields during Fuly-December, 1934,

NUMBER OF LARVE COLLECIED,
Species ol aanuphelioe, : EEAIE R e

Irm, Ill‘(l areas, l.Jnil gate wd arcis.
vitifepfrinensis I !
~ulicifacies b ("
smnilaris 3 7
ellidus 2 2}
ramsayi L "

1r Seprember-October, this tank (GL -4-5) showed a belt about 14 ft,
wide and in November about 3 -5 ft. wide; constituted mainly {in mdm of
dominance) of Pistia, Limnanthemum, Ipomaen aquatica, Lemna, Jussiaea, Azolla, Marsilea,
Spirogyra, lew grasses and a scum probably formed by decayving diatoms and
covering about a quarter ol the water surface (Plate 111, it "ig. 31, During Novembher,
there was rapid increase in growth of .1zolla, ﬁnal]y cavering the whole water
stteface in December, with Pistte here and there [Plate 11, l*lg 4} and nearly
suffocating Limuanthemum to extcrmination, This chdngc in vegetational sel-up
shows a close correlation with larval ineidence- -which is higher when the vegeta-
tion was marginal and suddenly fell to a minimum when the whole water surface
was choked by dAzella (Chart 2}, This sharp decline is obvious since due 0
complete carpet, the water surface remained choked-up resulting in scarcity of (ood
and greatly increasing the incidence of other animalcuies which might feed on
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farvae,  This complete carpet would further hinder oviposition by femile mosquitoes
and later emergenee of adults, A visit to the tank at the end of December, 1954
and during January, 1955, showed a remarkable change in vegetation—irom
Azolla mat to Pistia carpet- and stifl more decline in larval production. A similar
expericnee was gained from a dobe at Krishnapur during Nevember, 1954, with
a complete mat of Lemna (on all occasions the mcidence of larvae per 25 standard
dips with a {rying pan was zero). However, it may be noted that when the carpet
is broken, it is pot uncommon to find abundant brecding,

Whereas this is the position where fora tends towards caspet {ormation, a
contrasting pictire is presented by a place where the dominant emergent-cum-
submergent flora tends towards a conditton of devegetation.  Thus, at Alipar, in a
depressed land it was noted thar great incidence of larve js associated with
gregarious growth of emergent vegetation of Seirpus, Limnophila, Polygonum, Ultri-
cularia, Acanthus illicifolins and grasses, With the dominance of submerged flora,
the incidence of larve decreases and finally with the loss of vegetation the larva
dwindle to just a few (Chart 3). A glance at Chart 3 shows a significant fall in
the curve on October 29, On this day the entity of the depressed land was
intact, the grasses were on their last stage of extermination, marginal vegetation
had diminished and alga: rare.  The common species Alvriaphylium and Fimnophila
could bardly compensate for the emergent flora and are, therefore, of e valae for
breeding. Aller this, Jand was broken up into patches due to drying-up of water,
and the larvae had to be collected from patches with some flora. This explains the risc
in the curve. After a few weeks, when the patches also showed devegetation-phase
‘except for a few Polygonums in a small patch of water), the incidence of larve
again declined.

Opary 3.
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PiANTS ASSOCLIATED WITH ANOPHELINE PRODUCTION.

Observanons of Barle 19261 regarding b albimanas mighe apply o lava
in general which can breed in almost any situation, except on dry fand.  Whereas
such a statement might equally well embrace the situation for A, culicifacies, the
sitnation for A, philippinensis 1s a bit different (Table V). Tt does not osually
vecur i neglected places and this goes haud in hand with the fact that s larvae
nearty always oceur in clear-water pools. It is, therefore, imperative that it shoudd
ean beavily on vegetational habitar.

Taney V.

Breeding places o N, phalippinensis and A, culicifacies.
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This brings us 1o a consideration of plant associaton with anopheline farva
CTables VI, VIE VIITL  In general, plants favourable to anopheline production
may be grouped into three categories: (1) those actually associated with larva and
afways providing shelter and often food ; (i) those stmply providing shelter {or
cven food) but always in association with other plants and (#7) chance associates,

The first category includes partly floating species on or under which the
teariale. mosquito deposits her eggs.  Later the young larvie support themselves
a0 the much branched roots of aquatic plants or on leaves of fleshy species. Binee
bty not uncommon for each plant species 1o have @ number of epiphytic alga vither
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an ety vesrad sumhce o on dhere reots) the food problom of frvae s thus iself
solved,  Assoviation ol such planis as Kikernio is intimate because these plants
having large airspaces within their floats, provide the necessary oxygen reguired
for the subsistence at or below the water surface.  Other plants that might be
added o this Hst are those that form (loating mats with formation of namerous rools
and floats al nodes of their crecping steams, ¢.g., Jussieea, Hygrorhiza cte.

Foaupy Vi,

Pland peetes inamaicly assectaivd wiit anopheline lared,

Total anwpheline

Plant mpecwss -4 dssociation Apupheiing species. SPECies
associated.
i Chivelia ealzaris T hyrcarus, ragus, subpietus ]
2 Chara ceylantca fryrcanus I
b Lzefla pinnate © hyreanis {
i, Nalvinig nafuns Iyreenits, amndaris, patindis, ranuars t
oo cHternanthera sessills  pallidus, fyreanns 2
b, Leratophvifum demersim © hyreanns §
oo Cardanthera trifiora | patlidus, philippinensis, hyroamus 3
N, Lolocasia antiquorin Rryreanns, burbirostres, vagus 3
N, Fichornia specivss © annudaris, lyreanas, barbirostris 3
v, [pemdasa aqislica Myreanins, subpictus, empulavis 3
Y. Fussiaea repens - eulteifacios, Ryveanus, harbirostiis 3
12, Limnanthonmum indfcun wmnlaris, hyreans, vagiy 3
13, Limmophily sps. annularis, pallidus, fyreanns, vogus 4
Vi Mprlpphpllom indicum paidlizus, Fyreanns 2
L. Nymphave lofws " annndaris, palfidus, kyveamu, vagus 4
MG, Polygomien sps. . annalaris 1
YT Fruapa nalum - barbirostriz 1
tn. Lliricaloria spy. © anfutbaris, hyrcanus 2
L9, Fallisneria spirafis © fyrcanus, barbirosiris, pagis : 3
N Pistia stralivles amiclaris, patlidus, plalippinensis, cuticifacies,
Ayreanies, burlbirosiris, ramsayi, vagus , 8
i Jwsiaca-Scirpus wlicalalns 0 hyrcanus : i
do, Limuanthenunn-Seripyy - amidaris, pallidus, forcanss : 3
N3, Pelygonum-grosy Dprvenus, barbirostris 2
M, Hygrovhize-Hydriita fiproanus, subpictes 2
25, Grasy-Ulricularia © fyreanus, yubfrichies b
2y, SHernanthera—istig-- ) :
ftchorniv dpreanis, cearua ; b
27, SexbonineArscfymomene . Byveonus : |

Whether there exists sorme sort of correlation between a particular plant
andd that of anopheline woudd be a hasty judgement at the moment, as such studies
are stll in progress, butone thing can be definitely stated with respect o association
of some plants with anopheline larvie in general; e.g., wherever there is Pistia,
Jussiaea ov Limnauthengm or their association with fpomace aqualica, Alternanthera
cesilis, Limnophila, Seirpus articulains cle., there must oceur . fyreanus, A. aniularis
or A pallidus; Nymphaea, Limnapthemum and Altermanthera in associmion with
Spirogyra {and often Cladophoray, provide best indicator or breeding place of the
probable vector species: o, philippinensis. L pallidus, ). anmdarts.
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Pl second category includes Chara, Ceralophyllum, grasscs, nuked speaies with
acriai leaves or branches. When occuring singly, these plants might not help in
breodimg,

Among chance associales are such plants as Cassia, Aponogelon, Croton, cle.
Uhese do not always give positive results for larva, Tt was observed on a number of
occasions that all dips {at a time 20} gave negative results with respect to, e,
Apanvgeton, cven though larva often fed ow leal” epidermis of this plant.

In absence of vegetution, it is noted that roots of palms or bamboos along
e banks of ponds compensate for the vegetatdon and provide the bese breeding
tabitat.  The much branched fibrous roots give a good protection against large
animdeules and also provide a good  substeatum for  filamentous alge like
ladephora, AMicrospora, Oedogonium ele. 1o grow, These provide [vod for larve.

Tanrr V11,

Assoctation of plant commmiites il enopheline farva,

Plant coninanilics, ' Anophoeline procduetion. Total specics.

b, Marsilea-Cassin- Teanthus- Feane-

Srirpms-grass o hyreants, harbirnsivis : 2
i
- . . o T . ! o
2 Varsitea-Tpomaen- fussiaea-Scipus  plufippinensis, hyreanus ! 2
$. Mearsilea-Casyin-Lemmna * etlicifacies, hyreamis, sulpiehs ; 3

Taprs VIIL

Chance assworates of anoplieline laroe,

Prre association of plasts. ::;\s:suuiaitrtl atuftheime
species.
L oCasietma T
i
Lo Lnmton sparsifforis . - - nif.
3. brivcaatun sivhuldianum - - i,
o Y fiveolate . . nil fhpreens.
o eeyeton crispu o il fhpreanus,
SUMMARY,

Aquage vegetation s inlimately related with anopheline-breeding and it
is divided into a few plant types with respect 1o their relative potential importance
in anopheline production with particular reference o 4. pallidus, A. annularis,
V. philippinensis, 4. culicifacies, A. ramsayi, A. lyrcanus, A. harbirosizis, 4. vagns, A.
vayuna, A. acomitus and A, subpictus. The plapt iypes are: floating leaf, Nexuous,
fJoating mat, carpet, crect leafy, submerged, pleuston and microscopic respectively.
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Clianges m the vegoetative cover have o bearirg on arophebine production
& complete carpet bringing the incidence of farvar fo a miniment and 2 broken
wat increasing 1 (o a great extent, In pools, with mixed vegetadion, larvad incidence
is highest in presence of emergent (associated with submerged) vegelation; less so
i the submerged vegetation-phase and rare in the absence of both floras,

Lo platippinensis prefers cleay water brecding pools and L euficifacies has a
reindency o breed equally in clear and turbid waters.

OF the planis associated with anophclines, those intimately associated are
abwarys providing shelter and food.  No particalar anopheline specics is associated
with a particular plant species {in senso stricle) Dot some plants like Salvinia,
Nymphaea, Fussiaca, Limranthemum, Alernathera, Polygonum, Ceralophpllon, FEichorua,
Pistia, Fygrorfiza, Scirpus cte. are definitely indicative of anopheline-breeding.
Plants bke Casvia, Marsilea and Aponogeton are chance assoclates.

ANNONATED  LIST OF PLANTS.

The following list mcludes the plant species lound in sonie assoctation with
anopheline-breeding.  'Phe families are arranged alphabetically, as arc the genera
and speefes within a family,

F. NeaNtiagealk, 8., Y PrRAUiAR,

Alteruanthera sessills L.

: Cypeins haspan 1.,
Cardanthera inflora Ham,

(. irio 1.
Fimbristylis dichotoma Vahl,

20 dLssavear £L monostachye Hassk.

Putamopsis tancevlate Kanih, Ryllinga monveepliala Rotl,
Sagitlaria gueyanensis H.3.K. Selrpus articulatus L.

N, grassus L.
3. Aroibeap

$nducasia anfiquoram Scloth 4, BupHoRBIACEAR,
Crypdovorrne sps. 2 . . :
TN Crofon sparsiflorus Norong.
Pysitia stratiofes L. parsy &
1. CoMpostrak H),  GENTLANAUEAEK.
knppdra fluctians Lour. Lamnandhemum cvistatum Grisch,

L. indicum Thwaltes,
3. CERATOPBYLLAGEAY,

Ceraloplylium demersum L. P GRAMINEAE,

5. COMMELINAGEAL. Sndropegon acicudatuy Rete.
L syuarrosus L
hygrovhiza aristata Nees,
Leersia hexandra Sw.
Panicum calonum 1..

Seiaria glawca Benth.
{pommaea aquiica Forsk. Plragmites karka Trin,

Conmelina salicifofia Roxb,
., benghalensis L.

7. CoNvOorvULAGEAE,
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12, HALORACEAR, M, NyaPHAEATLAFE,
VEpropllbon indienm Willd, Nypmplaca cpanea Rox,
M. tubervidatum Roxh. Y, ascudenta Roxh.
N dotus L,
P35, PEYDROCHARIDENE, V. rubra Roxh.

s .- Nedumbim spectosun Vi
Hyidnibta peviasillatn Casp. elumbinm spectosiwn Willd,

:!,—ﬂ.g{i?’f}.i'ilf)r‘rf‘f}f! Rovhurghie Benth. D OINAGRACE AL
Mteilio alismeides Pers.

Vallisweria spiralis 1., Jussiaca repens 1.

Frapa bispinosa Roxb,

P HYDROPHY LLACEAR. 91, POLYGONACEAL.
Hrdrocolea cerlanica Vahi, Polygowum flaccidion Meisn,
- N P. orientale 1.
P, LEGUMINOSAX . tomentosum Willd.
Cassud imd L. fRumex meritimus 1.

{eschynomene aspera V.,

. . i T Dy hr 1y 1R T A
Vepiunia oferaceae Lour. 22, PONDIDERIACESL.

reshania palludosa Pramn, fichoruia speciosa Kunth,
Monochoria hastefolia Pres)
15, LEMNACEAE, M. eaginalis Presi
N i .
Lewwte aennr L. 23, BUROPHULARIAGEA R,

Limnopinfa conferta Benth. ?

17, LENTIBULARLAGEAR, ' e
{.. gralistordes R. Br.

A bijuda 1. 1., heteroplptla Benlh.

' _,I;‘,’c_-m_n.s-.«; ¥ ",hl' L. recemasa Benih,

L racemosg \all

L oadellaris 1. 24, MAarslLEATEAK.

L Marsddea quadvifolinie b,
HE. NALADACEAE,

, . . - RE 1 ANTA AR
Afenageion crispune Fhumb. 13, SALVINIAGEAL.

t. monostachyon 1. Nalonta ceenllata Roxh.
Yajas foveolnta A, By, 8. natans Hoftm,
Pofomngeton crispus §.. Azolla pinnata R. Br,
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FILARTASIS IN PATNA  BIMAR .
PART 1L
wy
.o KANT, wasasd Pac, v Call), noras & o Bng:, noni{Loadon},
Asitr, Director of Public Health (Malaria Conirel), Behar, Patua,
S. K. SEN, s.sas{Par,
itaria Coenfrod Officer, Patnn)
AND
B. 5. PURY, nuosce,,
st Intomologist, Fidavia Control pil, Patn.
[June 1, 1856,

Freariasis 8 one of the main mosquito-bore diseases which 15 responsbite
for considerable sickness with different types of disease manifestaiions, among
the people of the City of Patna.  In order to study the incidence, type and
distribution of filarial infection in the corporation area of Patna, a survey was
started under the National Filaria Control Programme. A rough survey and
study of the associated factors, concerned with the causation and transmission
of the filarial infietion, have also been undertaken.

The investigation started in the latter half of September, 1955, The
ilmimgq recorded in the paper relate 1o the castern zone of Pawna, popularly known

* Patna City *, which forms one of (he three zones of the Pawna Corporation,
E]lt‘ other two being the central or Bankipur Zone, and the western or the new
capital arca zone,

PHYSIOGRAPHY.
Pana, the capital of Bibar, sincued at latitude 2323 degrees north and
tongitade 855 degrees cast, includes the ancient city of Patliputra, the foandations

ol “hth were id as fay back as 475 B.CL by King Ajatasatru and later described
hy Megasthenes and Fabieng, Tt lies on the right h;lﬂl\ of the River Ganga which

1403 1
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forms the northern boundary of the city. ‘The River Poonpoon tlows abour five
miles south of the city and joins the Ganga five miles downsuream at a point
near Fatwah Town. The city moats and the tracts of water sheels ultimately
discharge the excess water into the River Poonpoon during the monsoon season,

Paina s on the main fine of the Rastern Railway, and 15 the terminus of the
Patna-Gaya Hne, I is also on the main route of tralfic connecting north Bibar
and south Bihar across the Ganga. It is a big centre of river-borne 1rafiic,
several roacs radiate from the city 1o variows other districts of the State.

The present Pama Corporation has an area of 24:67 square miles, the
tength being about 13 miles and the average width being about 1 miles in the
old portions, and about three miles in the new Capital area. At places, the width
o the built-up areas, however, is only about hall a mile.

According to the 1931 census, the total population of the Patna Corpora-
ton was about 3,25,000 with an average density of population of abour 13,000
pERSNNS Per square mile.

For administrative purposes, Paina has been divided mto 36 wards,  The
western or the new capital zone consists of Ward 1 and Wards 33 1w 37, The
seniral or Bankipur Zone has Wards 2 to 16, and the castern or Patna Clity zone
comprises Wards 17 to 32 (Map 1}.  This paper presents the results of survey of
Wards 17 (o 32, that is, the castern zonc or * Patna City * with an avea of 3,936
acres, and a population of 1,14,568. The density of population varies between
74 per acre in Ward 32 to 116 per acre in Ward 26, The total number of
holdings s 21,041

TOPOGRAPHY.

Yatue City has an altiwede of 130 w0 200 it above the mean sca-tevel. The
Land slopes generally in the south-casterly direction from the bank of the Ganga.
The three broad zones may be looked upon as the natural divisions of the town for
irainage purposes.

in the central and eastern zones, the Ashoka Rajpath, running parailel o
e Ganga, forms the main nidge line and so the surface water flows to both the
sides of the road.  In the western zone, the Ashoka Raipath runs along (he
Oranga,

Priov 1o the construction of the Chirayantar-Agamkuan dyke along the
sintithern border of the town in 1930, the flood water of the River Poonpoon, used
o submerge the whole area south of the Ashoka Rajpath,  The dvke now protects
he town from the Bood water, The storm water accumulated within the city,
however, finds no outlet and remains locked up for about two months in the vear.
The situation is worsened when there is flooding in the Ganga which does not
alow the Poonpoon flood 10 subside quickly, and causes back-fiow and over-flow
of the drains.  Thus, for the greater part of the year, a chain of pools and Jagoons
are teft hehind in the southern part of the town, along its entire length, and form
potential breeding grounds of mosquitocs.
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DRATNAGE,

The city has open surface drains which are mosily kutcda and partly pucea.
Fhese open surface drains are usually choked up by silt, dried leaves, and by the
isciscriminate {llmwmq of refuse and garbage in them, Neardy all the main drains,
and major portions of the outfall drains flow southwards., Only some portions
of the central and western zones are drained northwards into the River Ganga.

There is a very okd channel continuing from the outfall of the central zone
&b its southern end at Agamkuan, which connects with the Poonpoon during the
monsoon season, In dry weathier, this portion is converted into a chain or water-
togged areas with an abundant groweh of aquatic vegetations such as water hyacinth
Fiachernia erassipes), Pistia lanceolata, lamine and other water-weeds,

Major portions ol the castern and western moais ol the castern zone {low
southwards.  Both these moats draim into the so called southern moat, now only
nartly in existence in the form of depressions which are converted into pools of
water afier the rainy scason, _

The Patna Tmprovement Trust has taken up schemes for mwmproving the
trwns of Patna. To cope with the storm water, Jocked up due 10 the Poonpoon
m flood, the Trust is going to provide high-power pumps al two places in the
HIWE.

WATER-SUPPLY.

There is a proweted water-supply for a major pertion of the iown, and for
the rest wells are nsed.  Apart from these, there are a large number of disused
wells and tanks which have been found 10 be potential breeding  grounds of
IMOSqUITcs.

METEOROLOGICAL CONDITIONS,

Temperature and humidity vary in different parts of the year as shown in
Graph 1. Rainfall during the different months is shown in Graph 2. Total
average atmuad raindail, from 1950 to 1955, is 41-53 inches, Except during the height
of the monsoon { July-August), favourable conditions appear 1o exist ajmost through-
vl the vear lor the breeding of mosquitoes,

SOCIOLOGICAL CONDITIONS.

The western zone of Patna accommodawes the seat ol Government,  the
houses of the legislature, the High Court, the Rapbhwan, and the rusidences of
ministers and 2 large numhber of Government servanis,

The central zone, contains the iwo universities of the state, the general
hospital, the civil and cirminal courts, banks, business houses, main bazars, and
residences of politiciang ; in short, the main intelligentia of the town,  The older
vart of this zone is also congested and extremely inganitary.

Fhe castern zone of Patna may be looked upon as the centye of grain imde
ared s oecupicd by those concerned with the trade, Tt s most insanitary and
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Grarn 1.
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aso very highly congested. The louses are mostly back 1o back and buile according
10 old design.  Cowsheds usually are inside the dwelling houses.  The people
Are S0C10-¢ conomw.elf\ backward, The literacy rate and standard ol living is the
'owest in (his zone,

PREVIOUS WORKS.
Korke {1926:1928:1929) conducted an investigation into the mcidence of

filariagis in the then Bihar and Orissa. A part of his investigasions weve carried
ont in Patma, and in Bikar Town, Paliganj and Maner in Patna Diswicl, He
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GrapPH 2,

Average monthly ramjall (average qf years HIH0-1955).
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sxamined eight cases in Patna Town, and sixty cases in Bihar Town. In both
these places, the cases were all males, selected on clinical suspicion of Hjariasis.
tn Paligan] and Maner, he cxamined random samples of 113 and 104 persons
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respectively,  The disease vale cadevluted From his findings varies beiween 154
and 283 per cent and infection rate between 150 and 192 per cent in the different
places, Concomitant infection and discase manjfestation was found in 37 to 97
per cent of the samples of the different places.  Infection in all bis cases was,
meariably, with W bancrofii.

DEPATLS OF PRESENT WORIC AN FINDINGS.

In order o determine the tcidence and type of filarial intection, and the
incidence of diflferent filarial disease manifestations in the buman community, and
10 determine the vector species of mosquitoes with the incidence and type of filarial
infection in them, a human and cntomological survey was conducted.

Human survey.—Random represeniative samples of the population of all the
sizteen wards, covering all age groups in both the sexes, in al} the socio-economic
strata, were examined.  Blood smears were collected in the night between 8-30
pon. and 1200 midnight, by house to house visits, The survey parties carried
survey cards with columns for name, father’s name, age, sex, varfous columns for
history or prescnce of different signs and symptoms of filariasis, result of blood
examination and remarks. Against cach person’s name, the columns were filled
up by suitable enquiry and cxamination. Approximately 20 c.mm, of blood,
representing roughly three big drops of blood, was faken from cach case,

On the following day, the blood smears were dehamoglobinized by gentle
shuking with a few drops of tap water, before staining with J.8.B. Solution T for
four minutes, The entire smear was examined before declaring a slide to be
negative for microfilarie.  In the case of positive smears, the species and the total
number of microfilare were recorded.  The results were entered in the appropriate
column on the survey card, analysed, and are presented in Tables T, TT and 1171;
Graphs 3,4, 5, 6, 7 and Map I,

Table T and Graph 6 show the infection rates, disease rates, endemicity rates
and average infestation rates of the different wards, and of the entire population
cxamined. Nine thousand four hundred and cighty-five persons were examined
in the 16 wards of Patna City during the survey, covering 83 per cent of a popula-
tion of 1,14,568 persons. Ilixternal manifestations of filarial disease were encoun-
rered in 2,860 persons {3041 per cent) and microfilariz were detected in the blood
of 1,780 persons (187 per cent). The species of microfilaria encountered through-
aat the survey was 1., banerofti, withour exception, The discase rate varied from
ward to ward, the lowest being 258 per cent in Ward 28 and the highest being
13+3 per cent in Ward 25.  The lowest infection rate was 141 per cent in Ward 26
and the highest was 269 per cent in Ward 25.  The filarial endemicity rates of
the different wards varied between 383 per cent in Ward 24 and 581 in Ward 25,
The endemicity rate for the whole of the Patna City comes to 42'7 per cent.
Ward 25 in which the infection, disease and endemicity rates are the highest, is
a water-logged, semi-rural area where excessive breeding of mosquitoes goes on
throughout the vear. In Ward 26, the infection rate and the diseasc rate arc
significantly low {considering the fact that the proportion of persons of higher age
groups was highest in this ward) because of admixture with comparatively recently
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scted populasion (rom the Punjab, as also of older Punjabi inhabitants who are
zenerally better off socio-ecconomically.  Ward 30, in which the disease rate and
the endemicity rate are significantly higher, is extremely insanitary and is inhabited
by socio-cconomically lower strata of the people.  Except in Wards 25, 26 and
30, the variations of disease rate, infection rate and endemicity rate, [rom ward
w ward, are nol statistically of much significance. The variations can he
accounted for, largely by the difference in the total number of persons and the
diflerence i the redative numbers of persons of different age groups examined, in
the dilferent wards,

Taprr 1.

Filaria survey—Paing Cily Ctrele: ~Patnn Municipai Corporntion
(December 1, 1953 tn Apmil 27, 1956).
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Gerarg 3,

fucidence 5) fibarial disease and iqjection among males.
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The incidence of filarial discase and tolection in the differcat age groups of
the two sexes is shown in Table IT and in Graphs 3, 4 and 5. The occurrence of
external discase manifestation steadily increases up to the age of 3 and shows a
slight decline (not statistically significan() above that age. Infection rate increases
with age between two and thirty vears, and remains more os less steady beyond
thirty years.



=)

5

¥ 4

L.

hant, 5.

k. Sen amd B 5. P 200

Grav 1,

topdoncy i frlgratd tsediv ol pfectin dprgny JOHE.

N
— — A
2 L
"
.
Y
\\
(4

2-54

&-io"

2139
A0
44507
>50-



210 Filariasis in Puine {Bihar).

ORrRAPHR D,

Tuneideiwe wi fleiad disvase amd infocharn apmong boill scies.

0 [} L | L4
@ g 3 R 5 3 3
o © = & P =y [y
Age group.

Phe youngest child examined was aged two vears,  The lowost age an wiich
mucrolifaria were detected was two years, and external discase manifestations were
not obscrved below four years. Two male children and one femals ehild of four
vears of age, showed Jower limh swellings of a few months’ duration, and one
temale child of the same age showed upper limb swelling, also of a few months’
duration,  Hydroccle was observed in o male child aged four vears, but definite
miormation, as 1 whether it was congenital or acquired, could not be clicited.
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The widection vate m omales 1s somewhat higher (19°8 per centj than that m
femades {1674 per cent).  But this is not statistically significant.  The difference in
digease rate between males (36°7 per cent) and females (168 per cent is statistically
significant.  Bui the usual tendency among the local women is to suppress discasc
manifestations. They are not ready for detatled <linical examination. These
may be the reasons of the difference in disease rate between males and femalces.

The types of disease manifestations recorded during the survey, consisted
of swelling of the extremities, upper, lower or both {temporary or permanent),
hydroccle, other genital manifestations {including t*}(*phammd scrotuin, epldy-
dimio-orchitis, clephantiasis of the vulva ete.}, filarial lever, and two cases of
chytaria (Table TI1). Tn males, the commonest discase manifestation  was
hvdrocele,  Next in order of {requency, were lower limb swellings, upper lmb
s\wlhngs, and filarial fever, In lemales also, this order of [requency prevails,
lower limb swellings being the commonest disease manilestation.
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Uhzurrence of microfitarie concontiiant with disease imanestation | Tabic 111
was i least among those with swellings of lower extremites (153 per cent) and
those with filarial fever (168 per cent}. Infection was present in 235 per cent of
cases with upper extremity swellings and in 17°4 per cent cases with swellings of
hoth extremities. 22°9 per cent of hvdrocele cases, and 46'4 per cent of cases with
nther genital manifestations, also showed microfifariz in their blood.  Of the two
vases of chyloria recorded, only onc showed microfilarie.

The density of microfilarial infestation per 20 canm. in the positive prisons,
was determined by counting all the microfilarizc in the blood smears. The counts
vanged from 1 to 777 per smear. The average microfilarial infestation raie, per
20 camm. of positive hlood, was 328 fu the community examined (Table T}
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bntomolvgical swrvey. -Adult mosquitoes were wollected  regularly, at fixed
hows in the morning from fixed catching stations, and general collections were
made fortnightly, throughout the period of the survey. The caiching stations
and other shelters from  which the collections were made, included human
dwellings, mised dwellings and caulesheds.

The follawing species of mosquito were recorded deug the period: -~

(. jabgnis,

{ biteniorhpucin,

(. Visinu,

Nrmageres obturbans,
Aedes (Stegomyia) egypit,
AL subpictus,

. vagus,

A cudeifacies,

A annularis.

The female mosqguitocs were dissected svon after colleciion, o the same day,
for determining the vectors of filarial infection in Patna, and developmental
stages o microfilariz were looked for in the abdomen, thorax and head/proboscis.
One thousand six hundred and seventyone specimens of different species of
apophehines and culicines were dissected and the results ave given in Table IV,

Tavry 1V,

Mosaqrerte disseclion i Patng  November, $930 dv indd, 11436,

i

) i i i ; ; :
MOsUERD DISSECTION. ©oNov. & Dee. D jan, 0 Feb Mar. Apr.
e e 053, TG, 1956, | 1956 . 1056, | 1956. ! Tutal.
Species. ' Other details, . i ! ‘| :
e et LU PN AR SN NP S
cwlex fatigans Nanvber lissected il ‘I 5113 380 Wt [ 1487
A . : ; :
Nusuber positive A T I 27
Ahdamen : 1 2 19 1 21 118 (E I TH
y - = : i
Thorax P ol s 4 2 142
MHead ol Ly 218
Infeciion vate (pe . ,’ I | ! E
ent} 14 EE A S XN TR LA F 47, T3 Iy
Oher Nrumber dissected 32
adicines ;
Number positive ..
R o e = 8 == R —— y 'I - — ————
' number dissected | ... 1 20 oy 23 13 | 152
Anophelines — e : _ "
| Number positive L 0 L ‘| ;
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Developimentd stages of microfilarie were found oaly in €. jafigans. Ouy
o1}, B37 specimens of this species dissected, 178 were found to contain developmental
stages ol microfilariz, ie., an infection vate of 11.9 per cent. Tighty-six showed
wiection in the abdomen, 142 in thorax and 8 in ihe head/proboscis,

There were variations from mouth o month m the inlection raw, that for
Nowvember, 1955 being the lowest (448 per cent), and those oy the ather months
Jeviating fromt the gross infection rate for all the months {139 per cent) by a much
Tesser exlent.

BRVEDING PMLACES OF INSECT VECGTOR.

The follawing types of water collection were lound 1o he the breeding places
ST jaligans —

Domestic gesspoals,— -In the pujority of houses, there s uo planned drainage
i wagte water from the Kitchen, baily, latrine {mosdy servicee latrines), or cowshed,
where there is one. Waler stagnades in cesspools (prming exeellent byreeding
piaces of €0, fatigans.

Sagnant pools iu drains.- ‘Fhese have adready been refereed o wnder the section
are svainage,  These are perennial breeding places of mosguitoes,  Destling and
vetoval of scum from these innumberable drains, before applying larvicides, is a
giganic problem hefore the local Filaria Control Upnit and the Aunlimosquito
Scheme of Patna. Tn the southern belt of the city, where all the drainage water
volleets, there iy the added problem of vast streiches of aguatic vegetations like
wuter hyacinth, pistia, lamina, ete,

Tanks, disused wells and ponds.—-There is no dearth of these in Pav Gy and
acavy breeding of C. fatigans occurs there,

Netural water collections, —Vast shects ol water are lormed in the low-lying
wacts by storm waler with considerable water-logging during the monsoon. "These
water collectons form the most formidable breeding places for months alier the
monsomt, River pools along the bank of the Ganga also serve as undetected
reeding places.

DISCUSSION.

Fidaviasis s provalent throughout the Patuae Gity i vaeving mensites Trom
wald o ward,

Filartal discase rate obtained by Korke (1929} from a suinpic of 217 persons
ooiy, in Patna District was 22 per cent. The disease rate of Patna Civy, abtained
wom the vresent large scale survey, is higher, namely 30-1 per ceat. Three
thouwsand six bondred and sixtynine cases of filariasis attended the ont-patients
and in-patients departments of the (wo principal hospitals of Patnn in 1954,
From tlas 1€ appears thar abous 125 per cent of the population, or about 4 per cont
of prople with discase manifestations, gol themsclves treated in the hospitals in
1934 This ean be accounted for, to some oxtent, by the fact that only those
pursons who had acute manifestations, gencrally attended the hospials,
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The filurial discase vate i fow ap o the age of fen vears, then rises progressively
Hp to the age of 30 vears, and has a shghi u'nd(*m‘\ to [l bqnmi 50 years, in males
6 well as in females {Graphs 3, 1 and 5 Krishnaswami | (1053 had similar
findings in Mangalore,

The common disease manifestiions are hvdroccle, swellings of the extres
nnties and fasal fever, Que of 108 cases with flarvial discase manifestations,
cxamined by Korke (1926:1928:1929), in four different parts of Pama iistrict,
18 had bydroceles (484 per cent), 29 showed swellings of lower extremities (26°8
per cent), 9 showed swellings of upper exirenmitics {8-3 per cent} and 46 gave history
of filarial Lever (42°53 per coent).  In the present work, 2,‘%6{] persons with filaial
discase manifestation weve cxamined, oui of which 61-8 pee cent had hydroceles,
30 per cent had swellings of fower extromitics, 176 per cent had swellings of npper
exivernities and 97 per eent gave histary of filarial fver. The mudm((‘ of
dAifTerent disease manifestations, m the two sexes, is shown in Table 111,

The filarial infection vate found by Korke {(for, et} in Patun District was
34 pey eent.'The infection vate in peysons with filarial disease manifestations was
3534 per cent, and i persons without any discase mamifestations, 1t was 136
ver cent. In the present work, the infection rate of Patna City is 18,7 per cent
of all persons examined, 20 per cont in pesons with [laceal discase manifestations
and 18 per cent in_persons without any discase mamlistation.  The infection
rate shows a progressive rise up 1o the age of 30 vears, and bevond that age, H remains
wore or less constant. I the studies of Krishnaswaim) [i‘ln‘l in M 1119:'11010 the
progressive tise & only up o 20 veare and heyend that 3 oremaing more or less
Constan.

The youngest age at which wierp{ilavia woere found was two vears, and
the earliest age al whic M elisease manifestalions were formd was four vears,  Ivengar

L1933} in Trivandrum, found microfitarie in a child of two vears, and external
disease manilestations ot carfier than cight years.  Krishnaswarai (1955)  also
foand microfilarie in s chnld of two vears, bue hie found exwernal disease manifesta-
dons in o chifd as young o8 five years,

A hagh degree of posttive corvelation hetween fihgral infection rates and
disedse rtes, was Cobserved by Tvengar (19333 in Trivandrum,  Similar correlation
wits ohserved by RKrishnaswami (1955 in Mangalore,  The result of the present
work agrees with these observaiions, in most of the wards {Graph 6).

The endemeily rate of Patan City i3 42°7 per ceni. The vartation of
endemicity rate from ward (o ward does wot condirm ihe observation made by
Ivengar (1933}, m respect of Trivandram, that the bighest endemicity rates of
bdncmﬂmn filaviasis are 1o be foond i the nrbanised centee, and the fowest in
the semi-ruval or yivad periphery of 2o aty. Krishnaswami 1033} also could nor
canfirm Tyengar’s observations, in his studies in Masgalore,

An analesis of only those cases having disease andfor microfifaria in the blood
Ly, eacteding such persons as have neither microfttartie nor discase manitestation),
shows that, amony these eases, the disease rafe fnereases with age and rhe micro-
(flariz vate dimimishes with age {Graph 7). Tvengar (1933 and Krishnaswami

H935) made similar nbsvwdlmns in Triviandrum and M) angalore, respectively, and
{xpl‘mwd the decline of microfifaria sate as being due to the onset of disease
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wagitestations.  Vandit 20 of (1929) observed thal cerain elements, preseng in
the sera of persons with clephantoid swellings, tend to bring about a reduction
@ the microfilarie.  Krishnaswami {1955) supporied this observation, as onlv
39 per comt of his cases with external manifestations of filariasis showed micro-
slarse in the blood, whereas 16-2 per cent of those without disease were infected.
fbur inn the present serics of observations, this view could not be supported, as there
was very litde difference between the infection rate among persons wilh disease
manifestations {2000 per cent) and that among persons without disease manifesla.
ons {180 per cent} {Table V).

TasrLk V.

Inciaence o flarial infection in persoms with disease and those withond disease.

Nunther - Number showing | [ntection race
Tiroup. Cexarnined. microflarie. per et
Pergong with (Hartal discase wo o LEGO a87 204
! :
- e, e e e e
Mepmms withest Blariaf disease ' D62 1.193 : | RN
1 i 1

SUMMARY.,

Observations (drom December, 1953 1w April, 19561 on the incdence of
Olarasis in Paina City have been recordead.

The gross disease rate of the city is 30°] per cent and the wicrofifaria rate
w17 per cent. The filarial endemicity rate s 42°7 per cent,

The average microfilarial infestation per 20 cmm. of blood is 328, The
highest density of microfilaria enumerated is 777,

The voungest age at which microfilarie have been found in the night blood
is iwo vears, and the youngest age at which external disease manifestations have
heen found is four years,

The external disease manifestations observed are swellings of the lower and-or
ripper extremities, hydrocele, other genital manifestations like clephantold serotm,
cpidydimio-orchitis etc,, flarial fever and chyluria,

HY, bancrofle is the only species of microfitaria recorded and natural infections
are observed ouoly in O faligans.

The incidence of filariasis has been found o be higher in the maore insanary
s sovio-economically backward arcas,
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Meworological data of 1950-1933 have been obtained from the Director,
Regional Meteorological Centre, Calcutta.
. The figures of the number of cases of flariasis, recorded in Pamna Medical
College Hospital and in Patea City Hospital in 1954, have been obtained from
‘he Qffice of the Civil Surgeon, Patna,
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FEIEARIASES IN TRAVANCGORLE-COGHIN STATL.
1. Ermakulam and Mattancherri,*
v

Laeer.-Coconet. JABSWANT SINGH, s.a., ohos, (Hdimn. ), voeon. CEngl,
n1r.M. & A, {London},

N, Gl S, RAGHAVAN, s.aL, w8,
AND
A Ko KRISHNASWAMIL, vorss,
i Mataria Institnic of India, Delbhi.
fhune S0 1950,

A wariass suevey ol the municipal owng of Froakulios and Maoancherrt
was caricd out daring the period October, 1954 (0 March, 1956, The observa-
tioms recorded during the survey are u_.por{ed here,

Ernakwlam {Map 1), the capital of what was formerly the Cochin State—
now merged with Travancore Stale, is situated on the west coast close to the
Arabinn Sea. The town is bounded on the west and sonth by an extensive sheet
of backwaters which communicates with the sea by a narrow bar located west
of the centre of the town,  These hackwalters, which extend over about 20 miles
northwards up 1o Cranganore and about 30 miles southwards to lorm  the
Vembanad Lake, form one of the important water-ways in the State, both for
passenger and gnndh traflic.  There are extensive enltvated lields on (he castern
and northern sides of Frnakwolam.

The mumupdl area is about four miles long from novth 10 south ranging
frome §oto 13 miles in width and covers about four sq. miles.  The population is
;mtmt 63,000 accordhng to last census.

Mattancheri {Map 23, also called Cochin by the local people, is another
musicipal town located to the west of Er nakutam, separated by the backwaters

*lhe suevey was r:u’ri('r! ot at the seguest .,r:hc- }m-‘t'mm:-‘m u!f'l‘r.'walm‘urr‘-(_]ral"hin ,\'l:m'

BRI
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and the Willingdou lstand.  This would appear 1o be the area wheve Clarke {1709
described the © Cochin leg ", This town is scparated from the sea by the Tort
Cochin Municipality, which belongs to the Madras State.  Maiancherri is an
important industrial area, and is very thickly populated with an area of just over
iwo 5. miles and a popuation of 72,000 . This town is said to be onc of the most
vrowded areas in the world.

The health conditions in the two towns assumie & strategic importance as the
deience personnel of the Indian Navy are stationed on the Willingdoun Island
ocated on the backwaters, The distance across the backwaters is not more than
hree to four Nurlongs.

WATER SUPPLY AND DRAINAGE.

Protected water supply is brought (o Ernmakulam from the Alwaye River,
about ten miles to the north,  The supply, as far as this town is concerned, is
wlegquate,  The same supply is extended to Mattancheri but is inadequaie 10
mect the Jocal demands there.  People of Mattanchern depered mainly ore the
wells and ponds for thetr domestic water supply.

There is no underground drainage system  in cither  Mawancherrt or
frnakulam.  Surface drains exist in some areas, but even these are poorly main.
sined.  Kutcha marginal drains, which are badly clogged and stagnhant, are not
uncommon evenr on the main reads of these towns,

HISTORY OF F1LARJYASIS.

No fidariasis survey has been carvied out carlier in cither of rhese towne
Mattanchern, however, has been notorious lor its filarial endemicivy.  Cruickshank
and Wright {1914) surveyed the area of British Cochin, now called Forr Cochin,
« small municipal town belonging to Madras State and adjoining Mattancherri.
‘They recorded a filarial infection rate of 20°9 per cent and an clephantiasis rate of
12-9 per cent among the pepulation.

There is a prevatling impression among the citizens of both Mattanchern
and Frnakulam that elephantiasis is a water-borne disease.  This is obviously
isased on thelr observation that the incidence of the disease is on the decline after
imtroduction  of protected  water sapply in Ernakulam, as compared  with
Mattancherri, where, as mentioned earlier, the water supply is not as satisfactory.

PRESENT WORK.

A detiled fHariasis survey was carvied oul among the population of the
o fowns.  Night surveys and entomological investigations were carrted out with
a view to clicit details regarding the epidemiology of filariasis. Random respresent-
ative samples of the population were examined by a house-to-house visit hetween
% poam. and 12 midnight, care being taken o include alf age groups of both sexes
from different social strata,

Persons were examined from adl the different wards of the two towns, and
the objective was to cover a minimum of ten per cent of the populaton,
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Fhe procedure in the fidld veganding the collection of data, obiaining and
sxunintion of the blood smears, was ay deseribed by Krishnaswami (1955
"he smears, after dehemoglobinisation, were stained the following day with J.8.B.
P {Jaswant Singh and Bhattacharp, 1914} lor five minutes,

The observations recorded in Lrpakulam and Mattancherri are presented
supetrately below:

ERNAKULAM,
Seven ihousand dhree humdsed wond twentyeeight persons, representing 16
per cent of the popudation, were examined during the period October, 1954 o
January, 1935, The derails of (he findings m the different wards of Ernakulam
are recorded in Table 1. External mansfestations of filarial discase were met with
Tapes L

Resulls of filanasts suroey of Lruaknivm,

(October, 1959 10 Jiouary, 1453)

i B 3 g
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among 259 persons while 338 individuals showed overu Hlasad miection i the
peripheral blood; the disense rate in the community was thus 33 per cent while
1he infection rate was 76 por cont. The endemicily rade Jor the lown was
36 per cont.

Tapre 1.

Npecwes df fanal igfecidens a0 Mrookulane  Swioeped dupoeg V33430,

; NUMBER O3 PERSING, CYveeage
RV FIping R T e e L Lk TR irfrstation
{vears). ioWith 1. With B, Withmixed = Total, rale
o bancrofli. i madayi. mfection. iPer cent),
! S | A A ”_(r_ .
[ERE L} : h i | B 170
=1 2 . 13 h b 3T 2595
'I‘:'Jm.i. - o .I.I} . 15 o 3 .-. 21 ) 254 )
L2 AR L E %1 : ] B ; H 154
it ; EEY : 7 D62 t5°1
' . 1
M A0 ' i : 4 | I il 1+
‘{.10.{.;;]._.__. T gy T T T e e e

Phe incidence of filartasis varted in different wards of the town. The
highest discase rate of 10°7 per cont was rcorded from Ward 17, while there was
a0t a gingle person with flarial manilestation amoung 196 examined in Ward 22.
Phe infection rates in the wards ranged [rom 147 per cent in Ward 24 to 2:4 per
cent i Ward 1. The indices of filarial inlection and discase in the different parts
oF the town are shown in Map 3.

Both W, bancrofti and 117 maelapi inleciions were encowitered during the
survey of Ernakulam.  OF the 338 persons who showed microfilarie in  thar
aight-blood smears, 51} (916 per cent) were off . bancraft, while only 9 {16 per
cent) showed malayi infections; the remaining 38 (6'8 per cent} harboured mixed
mifection of both the Wuchererian infections.  All the infections of 117, malari were
recorded From wards i the peripheral part of the town, where semi-urban or
naral eonditions prevailed, and factors favourable for the breeding ol Mansoninides
iy, were present.

The filarial disease rate of the town was 35 per cent. The commonest
“Hnical manifestations noticed were swellings of the legs and hands and lymphangitis
o the groin and axillary glands; o fow cases of genital Tesions were also encountered,
able X,
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Filavial disease and infection rale wi lrnakulam.

Filariasts in Travancore-Coclun Slute.
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Tapre V.

Nverage sufectian vafe in the fwo sexes in different age proufis aimangsi i persony
sureeved e Frnakulam.

Alasys, Frmagins, O vlsbs,
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Fhe disease ansd infecton rates in the different age groups are vepresented in
Fables TIT and IV and Graphs [, 2 and 8. The infection rare was observed to he
o in the carly age groups and rose up o 20 years; it remained more or less static
th the bigher age groups.  'The incidence of the Alarial disease, on the other
hand, showed a progressive rise with advancing age.

The microfilarial infestation raie was 193 per 20 comm. This was analysed
aceoding to age groups in the two sexes (Table V and Graph 4).  No significant
viarmtion way observed in the microfilarial infestation in the two sexes,

MATEFANCERRI.

The survey of Mutancherrt wis conuncosed i January and was completed
v March, 1955, Public cooperation from the citizens was poor, and only 4,017
persons representing 6°9 per cent of the population condd be examined during the
survey.  Observations recorded in the different arcas of the town are presented in
Table VI Both [filarial infection and disease were prevalent in all the different
arcas of the town covercd by the sample survey, though their intensity varied.
The filarial disease rate ranged from 16 1o 135 {avcrage 7°6) per vent while the
infection rate varied from 10:2 to 289 (average 14°7) per cent in the different
wards. The overall filarial endemiciiy rate for the town was 217 per cent, The
distrihution of filariasis in the 26 wards of the 1own s shown in Map 1.
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TasLe VI,
Pilansts swreey of Mattencheni.,
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H i ! ! ]
" Number of 0 Numwher of 0 Neanber ol I"tlarial IPibariad iilecs Bndemicny
Visiens - persons 1 persons persons will) © discase rate tion raie rak
rmanbier, s examined, D wih disease, naderofilavike. . percent. ) peroent e eenl.
- i B IR y ;
i 285 t a7 48 : HED i = HUTH

1 : 24 : TS I © S S | 1

ST S 1 T S | - S S T 3 273

HE D 187

.. __.. L -
LS. < £ 24| e 277
243, ' 295 EAU I 13-3 ' 1%-9

Total ) 3,017



Jascwant Singh, N, 7. S, Raghavan and 4. . Brishnaswami.

Mar .

FIL ARIAL INFECTON
AND DISEASE RATES
1N MATTAMCHERI)
To g

REFERENCE
DISEASE RATE . @

INFECTION RATE ..

231



Filariests in Travancore-Cociin Stale.

FR.
-
o

Vi iniecuon and disease vates in the community, analysed according to the
age groups, are presented in Table VIT and Graph 5. The former shows a sharp
vise up o ten vears of age, reaching 15 per cent, and remains almost static at that
evel therealter, while the disease rate shows a gradual steady rise with advancing
age.  Neither of these indices show any significant variation in the two sexes,
though botl appear to be slightly higher in the male among the somple of population
cxamined {Table VITE, Graphs 6 and 7},

Both . hanerofli and M. malayi infections were encountered among ihe
melividuals examined from Mattancherrd, OF the 737 persons who  showed
wicrofilarie 0 their night blood, 666 [90°3 per cent) were of . bancrofli; 56

76 per centy were W, malayi and 15 {2°] per cent) were mixed infections. T
matart was caconatered in the peripheral wards, especially rowards the southern
st of the town,

The diseasc manifesiations of filariasis, recorded during the survey of
Manancherri, are presented in Table X. Incidence of lymphadenitis, genitat
iesions and combined lesion of leg and hand, were comparatively higher than in
Fonakulam.

The average microfilarial infestation in the town was 249, The mirolilarial
tradd at the different age groups and in the two sexes are analvsed and presented
m Table TX and Graph 8.

ENTOMOILOGICAL OBSERVATIONS.

Routine coilevuions from the different parts of both the fowns were made
during the survey, and adult mosquitocs of the following species woere recorded -

{ulex jadigans, Mansonioides unifornas,
¢ ‘ulex vishnui, Mansenigides indiana,
iGealbia chembertaini, Anopheles hyreanus,
Aedes albopretus, Anopheles jamest,

Aedes aegypli, Anopheles subpicius,
irmegeres ohturbans, Anopheles vagus and
Vlansonioides annulifera, Anoplales jeyporiensis. *

Drains vither stagnant or sluggish, cesspools and odd collections of dirty
water were the main sources of breeding of . fatigans. A number of ponds,
vovered with Pistia straliotes, were presenl especially in the peripberal wards of
the wown and in some of them breeding of Mansontoides sp. was detected.

Dissection of the mosquitoes revealed presence of developing filarial larver
iy in Culex fatigans, Mansonivides uniformis and M. annulifera. The details are
iresented in Table XT,

The favourite breeding places of Culex fatigans, the vector of the more
urevailing infection, W, bancrofli, in these arcas, are the dirty waiter collections like
domestic cesspools, drains, and ponds.  As mentoned ecarlier, drainage conditions
being very poor, culicine breeding is profuse in spite of the antilarval measures
mstituted by the municipalities.

* Recarded later by the Travancore-Cochin Branch of the Malaria Fastinate of Tndia,
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Tapry VL

Filarial ingeciion and disease rates among different age groewps in Mattancheir.
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Taprr VIIL
Filurial infection and disease rates among males and females at Madancherrs.
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Analysis of jlavial disease manifestations wet @il el fowakulam and Mattancher,

1
] 1 R
SNaunher  Nainber TYPrE of SANIFEY T O,
of X ol .- e . e e . S e
Area. porsons  persons (Lympha-  Leg 0 Hawdd Lo
Cxas with © denvis. - onlv. ¢ enly, and  cCGienttal. Chhers,
mrined.  disease. haned, i
s e I, o —
Yenakulam .. | 2T A [ /L] I 3 b4
Mattanchern LI ! LTI B I P | 15 Mo B "
i : i
EIrAPL B,
Figriol inprction amd disic tafes gmeng mafrvs 0 Moartane i
254
’ﬂ
-
"
”
4 7
Fa
s
-

2

(3]
Age groug.

$1-404

AL 50O
»50 4



YT v R e . . .
236 Filariasis v ravacore Coclin Stute.

Rate per cenr.

(rrarn 7.
Fitarial infection and fiseas: 1ates ampey fanales i Mwtunchor

A5 -

242
4

&

o
A

Vs
o [
@ ®

L]

o
-2
SrA04
A -S04

Age group.

Tanre X1,

Petaals of dussections ae Fnakulam and Matiancherri.

Species of Nunthey DowNumber Infestion caie
Are mosquito, dissecied. positive. her cet.
enakula UG fatiges . vest s . oaa
A wniformiy ; 357 . i 4381}
M. annulifera . 40 ; 1 ) £0
Viastainchorn L fatigans 2| (8 _' 35
M, anmdifera ETH | 1-5%

wAll atages ol infection,

7504



Jaswant Singhy N. (7S, Raghavan wnd 4. K. Krishwavicam. 237

Grarg 4.

Average miceapdarial infesiaton ratey in Matlewiien .

4()-]

Average mf. infestarion.

j

Age groug.

HE R

G~
2i-30
31-404
LAy -1
>50

A large sumber ol ponds in the peripheral parts of these two towns, and
espeosally in Mattancherri, are overgrown with Pistie stratiotes which are the
sanctuaries of Mansonioides sp. breeding,  With the advancing urbanised conditions,
this problem appears to be gradually on the dechine.

SUMMARY.

The findings recorded during o filaria survey of the two wns of frnakulam
ancdk Mattancherrnn in Travancorc-Cochin State, have been recorded.

Filariasis was found to be endemic in both the towns, the endemicity rates
jor the two towns heing 106 and 21-7 per cent vespectively,

Both the Wuchererian infeetions were recorded, the incidence of H. bancrefti
heing higher in the arcas surveyed.

The developing forms of flarial larvie were found in O fatigans, Mansonivides
wntformis and M. annulifera.
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FIELD STUDIES ON THE COMPARATIVE EFFECTIVENESS
OF D.D.T, BH.C. AND DIELDRIN RESIDUAL SPRAYS
AGATNST THI VECTORS OF WUCHERERIAN
INFILCTIONS.

By

La-Coroxen JASWANT SINGH, s, choesbiding, soeontng.),
oo, & {bondon?,

A K, KRISHNASWAMI, s,
N. G S0 RAGHAVAN, na, s,
B, S, KRISHNAMURTHY, ux
AND
ML MAMMEN, na
P Malarta dstctute of India, Dedhe
Lhune N, 18340

RasuLes of ficld studies on the relative oflicacy of residuad sprays of DLD,T,,
BL.CL, and diekdrin against anopheline mosquitoes have been reported by Pal
et al. {19585} and Viswanathan ¢ «f. (1955). Both the above reports recorded a
high degree of residual mxicil‘y of dieldrin as compared  with  the other 1wo
insecticides.  Pal et al. {1955} observed the duration of resicual toxicity of 12:5 mg.
of dieldrin per sq. ft. to last for seven 1o eight weeks and compared favourably
with 50 mg. DD.T, and 16 mg. gamma BH.C. Viswanathan of al. {1955} found
that a single application of dicldrin at 14 mg. /s [ cxtablished o high degree of
suceessful malaria control asg good as an application of D.DF. a1 112 mg. fsq. fi.
once or twice during the scason, while B.H.C, (1] mg, gamma isomer per sq, fi.)
did not last beyond six weeks.  Davidson (!9 52} i Africa observed that a
deposit of 50 mg.jsq. It of dieldrin gave lasting effeer Tor six to seven months
against culicine mosquitors,

"5 I
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Uhe present trials were undertaken 1 study the clficacy ol these three
msectictdes in the control of Mansonioides sp., the vecior of W. malayi; and of
BH.C. and diclkdrin against . futigans, the vector of W. bancrofli ; respectively, in
India.

VENUE AND PLAN OF OPERATION.

funakalan: Town and some villages in Sherwallal Talug, borh located i
the Fravancore-Cochin State in South India, were selected  for these trials.

Ernakulam {Map 1) is a small municipal town with a population of 63,000
according to the last census and an area of about four square miles. A recent
survey of the town (Jaswant Singh ¢f o, 1956) revealed filarial endemicity ratc of
1} per cent, majority of the infections heing W. bancrofti with (. faligans as the
vevtor.  Two areas, each about onc square mile in area, situaied in the northern
and souihern exiremities of the town,werce selected for the experimenial spraying.
‘The population in cach of these arcas was about 10 to 12 thousands. All the
structures in the area in the north were sprayed with dieldrin while those in the
southiern area were sprayed with B.H.C.  The spraying operations were carried
ouy during the latter hall of December, 1954, after making  preliminary
cintomological observations in the arcas for two weeks.

A third area in the cagtern part of the town, well separated from cither of
the experimental arcas, was taken up as the comparison area for check observations.

Shertallai (Map 2) is a highly filarious taluk in the coastal area of Travancore-
Cochin State. W, malgyi 35 the main species of filarial infection prevelent in this
area, the filarial endemicity rates ranging in the different parts from 20 o 50
per cent. Ip these parts, there is o demarcation between one village and
another, por are the houses grouped together to form a village.  The houses are
scattered, separated from cach other by 20 to 50 yards by fields or cocenut groves.
Administrative divisions called © Panchayats * and © Pakuthics ’ exist.  Axcas were
sclected in convenient blocks for the spraying operations (Map 2) . Four areas,
«ich about one square mile, with about 500 houses and two to three thousands
population were selected,  'The details regarding these arcas and the insecticidal
applications are given in Fable 1.

T"aBLE 1.

fYelails uf ihsecticidal wpplicalions wn Shertallai area.

1 |
i

Number of |

\reat, . houses i Population. ;fnscclicitlv.% Posage.
i the area. : : ]
“TE'ii;)-(i;!'llZ.l;;lg'a]&.ll?l _;;)'I'—___J,Tif;;_ _E-;'IC i 44 mg, gamma isuncer per sq.}t.
OV, Bhagam L RE l 1,564} :l DRIE, | 200 g fsq. A
andaharapalli l ERE) s ! Dieidrin | 9 g . fe
Vavalar Fast ' 130 2,240 I Nil ‘ Comparison arca,

1
L |
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‘The interior of alt strutures were sprayed veaching as far high up as possible
oi the walls and roof,  About 50 per cent of the structures sprayed at Enrakalam
were pucca masonry constructions with plastered walls, while in Sheralial areas
such structures formed a negligible proportion.  Majortty ol the structures in the
jatter area were thatched huts, with plaited coconut leaf roofing, and walls either
of the same material or of bamboo macing.
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METEOROLOGICATL DATAL

The areas selected for the wrials are Tocated on the west coast of peninsudar
India, noted for #ts heavy yainfall.  The snnual rainlall ranges between 120 and
150 inches, the main precipitation occurring between June and September, though
frequent showers continue up to micd-November,  Temperatwre remains warm
and humidity is high almost all the vear round. lyengar {1938) recorded in
sherwallal a low incidence of Mansemivides dunng the monsoon and a rise in their
numbers during the post-monsoon season.  The highest prevalence of thesce
mosquitoes was recorded during the months of January io March., A similar
nbservation has been reported for (. fatigans in Ernakalam by the local people.

INSECTICHAL FORMULATIONS AND DOSAGES ADOPTED,

Water dispersible powders of the three insecticides were used during the
present trials. Al the formulations nsed gave stable suspensions in spite of the
fact that only pond water was available in most of the places.  D.DVT. was applied
in a dose of 200 mg. sq. fr., B.H.C. in a dose of ++ mg.jsq. [t of gamma isomer
.nd dieldrin in a dose of 50 mg. fsq. fi

PREPARATION OF SPRAYS.

iy D.D.T--One pound of 75 per cent warer dispersible powder was
suspended in 1+5 gallons of water and sprayed at one gallon per 1,000 5q. fi.  Most
of the surfaces on which the spray was applied being of non-absorbant material,
11 was not possible to spray one gallon of spray over 1,000 sq. ft. without consid-
erable running.  The required dosage had, therefore, to be carried out by spraying
twice over, applyving half gallon per 1,000 sq. ft. each time,

{5y B.H.C~—0One and a half pounds of the B.H.C.. {ormulation was suspend-
v in one gallon of water and sprayed over 2,000 sq. ft. Here again a second
round of spray, applying a similar dosage, was carried inllowing the first to get the
required dosage of 44 mg, gamma isomer per sq. {k

{£) Dieldrin.—Dieldrin spray was prepared by suspending cight ounces of
the 30 per cent water dispersibie powder in one gallon of water and this was sprayed
over 2,000 sq, fi.

COLLECTFION OF DATA,

Repgular weckly coliections were made from lour caiwching stations in the
comparison areas, two of which were fitted with window traps.  Six catching
stations were fixed in each of the spraved areas, three of them sprayed and three
unsprayed; one cach of these was fitted with a window trap of the type described
by Jaswant Singh & el. (19531) while the others served for making total catches,
Collections of mosquitoes in the window traps as also from the rooms where they
were fitted, were made daily in the morning; total coliections were made at weekly
intervals. The window trap collections were kept in the lahoratory under optimum
survival conditions for 24 hours after which the mortality among them was recorded.
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in addition to the above obscrvations, survival was ajso studicd among
muosquitoes exposed in wall cages al weekly intervals in sprayed honses selected
as random.  Culex fatigans and Mansonioides sp. mosquitoes, hatched out in the
laboratory and kept on glucose feeds for 48 hours, were ntilized for rhose studics.
Ahout 10 to 20 mosquitoes were exposed at each time.  The above observations,
especially on Mansondoides sp., could not be carried out regularly as it was not
always possible to hatch oul the required number of these mosquitoes in the
taboratory. Specimens of (. gelidus were used when Mansonioides were not available.

RESULTS OF TRIALS AT ERNAKULAM,

v\ sharp fal}l in the prevalence of all species of mosquitoes followed  the
application of spray in both the arcas treated with dieldnn or B.H.CL; ihe residents
reported an almost complete ficedom [rom mosquitoes and other insect pests, The
iollow up in the different areas are presented below,

‘Y BHC area.—Total collections from the catching staltons in (his area
ravealed a complete absence of mosquitoes in the sprayed stations during the
week following spraying.  From the second week onwards, a low but gradually
mereasing incidence in the mosquitoes was recorded both in the sprayed and
unsprayed caiching stations (Table IT and Graph §). The collectons from the

TanLe I1.
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stations feit unsprayed within the sprayed wwea {Table HY. Degan tising sharply
from the fourth week following spraying and continued {0 remain av significantly
high levels, for the rest of the period.  In the sprayed catching stations, however,

treapn
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the collections were tow uil the tenth week, following witich a nise was noticed
which was sharp and persistent.  An analysis of these collections showed a total
absence of Culex fatigans ap to cighth week—the main bulk of collection being
. subprctus—--aficr which there was a gradual increase in their density up w 14
wucks followed by a sharp rise which persisted thereafter (Tables IV and VI-d).

Observations on the survival raie among the mosquitoes, found in  the
window traps and is the rooms fitted with she trap, are interesting. A 100 per
cent mortality within 24 hours of collection was noticed among these mosquitoes
ap to six wecks following spraying. A gradual increase was noticed in the number
of mosquitoes surviving the observation period, til it reached a 100 per cent
during the fouricenth week when these obscrvations were discontinued (Tables
1T and ITL-4).
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Tanix 1T1.

Uatehes jrom window traps and rooms {(total for the week} from spraved catching
stations— Ernakulam.
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Tasre IV,

Weckly toini mosquatoes wnd Iotad . Aavigans i spraved calching slaitons,
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2V Mieldrin area.- - Almost a complete mosquito vacuum was noticed in
the spraycd catching stadons for four weeks following application of insecticide
while an insignificant low incidence was recorded during this period from the
unspraycd observation stations within this area.  Total collections from both these
types of catching stations showed a low incidence of mosquitoes up 0 eleven weceks.
The twellth week’s collection vevealed a sharp rise of mosquito density in the
unsprayed houses, while a similar rise occurred in the sprayed stations during the
lollowing week,  The first specimen of Culex fatigans was recorded from the area



248 Field Studies of D.D.T., B.H.. and Dieldvin Residual Sprays.

during the cighth week from one of the unsprayed catching stations, and two
weeks laier from a sprayed station. A significant persistend rise in the vector
species occurred from the thirteenth week following the spraving (Table 1 and
Graph 2%,

Al mosquitoes collected from the window traps died within 24 bours of
collection during eight weeks following spraying. A gradual increase in the
number of survivors was unticed thcrm!l{‘r but did not reach 100 per cont up o
the fifteenth week when the window trap observations were discontinued (Table

T and Graph 4).
Tanre IV-A.

Fotal masquitoes and folal C. Yavigans in upsprayed catching station, Ermakulam.
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A1 Comparisen area, -Parallel obscrvations recorded in the comparison
area are presented in Table IT and Graph 3. The total incidence of mosquitocs
as well as of Culex fatigans (Table T\) remained high throughout the period of
ohservalion. A natural decline in the mosquito incadence was poticed from the
seventeenth week following the commencement ol the obesrvations. All observations
were discontinued at this stage,

Observations on the survivel ameong window (rap colleclions, were dis-
couraging in the carly stages, as a high mortality was noticed cven among the

GRAPH 4.
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collections fromi the comparison arcw :Table ITHL This was obviously due 1w

contamination with some insccticide. .\ complete replacement of the collecting
equipment and cages was followed by o high survival among these collections.

anpE V)

{otal nupiber of mosquitoes caughi jrom the sprayed and the wsprayed cefcling
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152 Ueld Studies of D.D.T., B.HAC. and Dieldrin Residual Sprays.
RESULTS OF TRIALS AT SHERTALLAL

he observanons recorded i the spraved and comparisan areas ire presenied
helow

(b BHLC area-~{Kokodamangalam Village): Mosquitoes stareed appearing
in the sprayed cailching stations from the sixth week following spraying and from
fie fourth week in the unsprayed station.  The density increased gradually up to
the c¢leventh week following which there was a sudden rise in the density, which
continued up to the seventeenth weck, after which there was a natural recession
‘Table V', Graph 4), as shown hy collections from the comparison area {Table V,
Graph 7).
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Total irecedom from mosquitoes as refected in the wisdow wrap collections
was observed for a period of two weeks lollowing spraving, A steady increase
i the incidence of mosquitoes was recorded from the seventh week  onwards,
thowgh survival was negligibly low among them {Table VI3,

2y DT wea ~{P. V. Bhagam Villagei: Following application of a
duse of 200 me. o ILDUT. per square font, absenee of mogquitoces as determined by
1atal catches from fixed catching stations, was noticed for a period of one and three
weeks respectively in the unsprayed and sprayed catching stations.  The number
ni' mosquitoes collected, however, remained low up to eight wecks, following
which there was a sharp persistent Increase in the mosquito density {Table V,
{yraph 5).

FEfforis at hand-collections from the rooms, and  daily  examination of
window traps for any mosquito wapped therein, showrd a complete absence of
mosquitees up 1o cight weeks, after which mosguitoes were [ound  coming in
regalarly,

[3)  Dieldrin— (Kadakarapalli Village): Complete absence ol mosquitoes,
ay revealed by total collections, was recorded for two weeks Tollowing  application
o dickdrin ar 50 mg. per s ft. The density, however, remained low for a period
ol 12 weeks, lollowing which an abrupt rise was noticed which perststed during the
rest of the observadon period {Table V and Graph 6) up to twenty weeks follawing
spraving.

Records of mosquitoes coming into window traps, and survival rate among
the mosquitoes collected showed that thowgh varying numbers of mosquitoes
continped to appear in the house, survival rate among the mosquitoes entering
the spraved houscs was negligibly low up to at least 14 weeks following application
of spray,  Observations bad o he discontinued ai this stage duee to onset ol
monsoon,

Analysis of mesquitoes colfccted in the three areas showed that the main
hutk (70 per cent) of the housc-frequenting mosquitoes consisted of Culer gelidus
and Culex rishumi while a good proportion {25 per cent) consisted of 4. subpictus.
The other speeies met with in the collections were A, vagus, 4. jamesi, 4. barbirostris,
¢ Ahrtzia) oseanus and Armegeres obturhans,

Total collections and window trap collection from the companson area
Navalar  Bast) were satishactory (Table VY. Survival rate among mosquitoes
collected from houses and from window traps was comparatively ngh, and ranged
fromn 11°3 to 772 per cent {Fable VI,

DISCUSSTON,

Observations oh the aflicacy oi the modern synthelte insecticides, in con-
trolling vectors of filarial infections, have not heen carried out on any large scale.

Indoor residnal spraying with D.D.T. as a water dispersible powder, sprayed
at a dose of 167 mg. per sq. ft., was foliowed up for threc weeks by Iyengar (1951)
in Thailand, The mosquito density fell from 354 to 54 per man-hour, while the
density of AMansenioides sp., the local vector, fell from 44°8 o 13 per man-hour,
Priov to spraying, the infection rate among the vectors was 76 per cent, while
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three weeks alter the spraying, the mdection rate i the same arcea was zer0. Studies

nr Orissa (Tndian Council of Medical Research, Report, 1953) showed that DUDVT. way
suitable for the control of C. fatigans when spraved at a dose of 200 mg./per sq. 1L

Lrleala o,
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Davidson 1832) reported bughiy favourabde resufis with dicldiin againss
(.. faiigans ; he recorded a mortality of 60 to 95 per vent fasting over six 1o seven
months with this nsecticide sprayed at 30 mg. per sq. [t

At the dosages apphied in these wiads, BAH.CL and  dicldrin appear (o be
cquily cffective against the vector of W. bancrefti infection.  The absolute ax
well as relative density of Mansonivides mosquitoes continued (o remain signiicanily
low, as compared with those in the comparison arca of Vayalar, throughout the
abservation periad of twenty weeks following spraving,
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Dhssections o mosquitoes collecied fromr the sprayed and companson areas
iisu bear out the above observations.  While 80 (66 per cent) of 905 specimens
A Mansonipides amnulifera and M. upiformis from the unspraved uarcas were positive
wr Alarial infections, not a single specimen was positive ont of 634 that were
dssccted from  the sprayed areas during the same period {Table V1. Thesc
abservations would appear to indicate that the residual toxicity of an undisturbed
deposit on thatch and bambeo malting might fast as Jong as or longer than 20
weeks under experimental conditions.  Bul under rural conditions in India, some
kind of interference is bound to take place cither by remewal of the thatch or
veplastering of the wall with mud or cowdung. Actually in the area where the
sprays werc applied, the residents appreciated the freedom from insect pests so
much that they delayed replacement of the thatch which was an annual fearure
with the approach of the monsoon.



Jwswant Simgh, LK, Krisimasicame and Olfers. 257
Tapra Vi

Resudis of musqusty disseetions,

i
Species | BRFORE SERAVING. | AFFER SPRAYING,
Nreit, mrmquf(o. :F. I L R .‘:. e et w o ma—————
¢ Numeber ; Number  Number | Number
lissected, o posikive.® © dissected. | positive.®

Fenakula m . : !
}dikedbrin eon AL jabioams T I 3 - My 1"
B - ) 3id :’ 4 : it 14
Camspratisenn 1,445 E 3t e 6

é_i:e;;,tan_;l_i_..., . e e e ;., e
Kokodanugakan B H. Mansoiipides [22 i ! 232 Nl
POV Bhagam (LD L . vy z 1499 i
roadakarapail BDickleind L 344] % s Ky A
Ny alar Hat §Comprarison: E . EH I 2 : s Gt

* All stages at development.

* 15ih week loilowing spraving.

Residual toxicity of dieldrin (30 mg. per sg. {t.} and B.H.CL (44 mg. gamma
soiser per sy 1.} lasted from 13 0 14 weeks against  fatigans, the vector of
hancroltian Alariasis.  Mawmsoninides sp. would thus appear 1o be more susceptible
than €. fatigans 10 the different insecticides.

‘The duration, for which mosquitoes other than the vector were conirolled,
vried with the insecticide, being towest {eight weeks) with D.DUT., 10 to 11 weeks
with B.H.C., and 12 10 13 weeks with dicldrin.

With the formudations of the diffierent insecticides made availabde lor these
trads, the procedure had necessarily 10 be modified for cach preparation in order
i apply the required dosages on the surfaces sprayed. It has been mentioned
carlier that the structures treated were mostly of non-absorbent material, and the
ruantity of spray applied had 10 be yestricted (0 an optimum of one gallon per
1,000 sq. (i of wall sarface-—with a view te avoid running as also to maintain
convenetnt speed by the operator,  Ta the case of B.H.C., the spray suspension
contained §+5 1h. per gallon-—higher concentration becamne too thick to go through
the nozzle - -and in order to deposit 44 mg., gamma isomer it was essential 10
distribute 1two gallons of the spray over 2,000 sq. ft, This was done by first
applying one gaflon over the area, and again repeating the same dosage after a
jew mimles.  This technique enabied the application of the required dosage
without anv wastage n runping. A similar procedore was adopted 1o apply
200 mg. D.DUT. per s, . using a five per cent spray and applying 1wo gallons
mer 2,000 sq. ft. This double application of the spray in the case of D.JILF. and
BL.CL, necessarily vesulted in considerable increase in the time of spraying, and
wost doubled the cost of operition and supervision.
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In the case of dieldrin, however, it was posstble to apply the required dosage
21 30 mg, per sq. fi. with a single application of one gallon of a 2°5 per cent spray
aver 2,000 sq. {1,

TOXICIEY 1O HIGHER ANIMALS,

A varety of domestic pests and verming were dound  succumibing o the
inseeticides, especially during the spraying operations; lizards, scorpions, cockroaches
and crickets were killed by hundreds, especially in the rural areas ol Shertallas.
The inmates of the sprayed houses veported relicl [rom these pests fov considerable
veriods following the application of sprays. The residents were warned to sweep
»ff and bury the vermins, and not to feed their poultry on rhe dead insects,
1 spite of this, one or two accidents bappened and 1t was not possible to ascertain
whether the reported deaths among poultry were due 1o the direct toxicity of the
msecticide or due to thetr having fed on the dead insects.  In one area, targe scale
Jdeath of fish was reported in one pond but this was duc to the workers having
washed (he buckets and puraps in thit pond after finishing their work die previons
cvening.  Except for this, there was no other such accident reported.

SENNARY.
. Results of feld trials with B.H.C. and dieldnin agamst 1. jongens, ihe
vector of ¥ banerafti, and of D.D.T., B.H.C. and dicldrin against Mansonioides spr.,
the vector of . malayi, are reported.

2. Water dispersible powders of all these insecticides were wsed. applving,
A sdosage of 200 mg., 50 mg. and 41 mg. gamma somer of P.IVE. dicldrin and
B.H.C., respectively, per sq. fL

3. Applied at the above dosages, B.H.CL and dicldrin were egnaiby effective
against O, fatigans, the residual eflect lasting for 18 to T4 weeks.

4. In three arcas sprayed with B.H.C,, dicldrin and D.D.T. in the rural
agcas of Shertallal, the density of Mawsonisides sp.  remained significantly low
throughont an observation period of 20 weeks lollowing spraving.  The cfiecs
of B.HLGL, dicldrin and D.DUT, appeared to last for 11, 12 and 8 weeks respeetively,
against the other culicines in the same arca.  The vectors of 11, malayi, appeared
comparatively more susceplible to these insceticides than C. fatigans.

5. The pracrical difliculties in the application ol the required dosuges of
9.0F and BUHLCL, using the formualations made available, bave been discussed.
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MEGROFILARLAC AN DOMESTIC FOWLS,
BY
5. PATTANAYAK,
N. G, 3. RAGHAVAN
AND
A KL KRISHNASWAMIL
 Malaria Insibute of India, Delin.:

S TTRLTE W L T

Froartan imiection in domestic fowls has heen desoribed bodh from India and
abroad.  Ramanujachari and Alwar {1953} described a singte microfilaria found
on postmories of a Desi fowd in Madras, Tndia.  Kuppuswamy {1936} reported
the presence of miceofilaria: in [7 out of 237 lowls examined in Malaya.  In the
Philippines, 1}y {1855} and Roxcboom {1936} also neted microfilayix in some of
the local towls,

This note deals with a description of three types of microfilaria: enconntered
i the peripheral blood of domestic fowls in Ernakulam and Shertallal of
Travancore-Cochin State (Pattanayak, 1953).

Blood smears trom filteen country fowls of both sexes from Ernakulam and
Shertallal were cxamined.  Nine ol themn showed microfilarie in their peripheral
virculation, cach containing one or more of three types ol sheathed microfilaria,
both in fresh drop and on staining by J.8.B. T {Jaswant Singh and Bhattacharji.
1944y, 'The delals of the above microfifariac and of those described by Ramanuja-
charl and Alwar (1933} as also by Kuppuswaray {1936 are set out in Fable T

The messurements o the forms described now are the average of ten
microfilaric of each type.  Apart from the dilerences in measurements, the lollow-
ing morphological variations were noted in the three types of microfitarize.  Camera
{.ucida drawings «f the three forms are appended {Plate 1V),

The cephalic end of the nuclear column in the largest {Fype 1 of the
microfilaria, terminated in (wo elongated oval nuclear masses which enclosed a

.l



2od Microfilarie tie dowmeite fouds.

Veshaped space with the wider end pointing asteriorly,  This clraracter as well
ay conrse nuclel of the nuclear column with a tapering poswrior end with a clear
caudal spice, was i distined feature of these targe microfilaria,

anta §.

Phe swaswiements of nucrafdaree fawnd in fowls,  LH0 measwiementy are i
microns,

Microlifara:
deseribed by Microlifio e
CHaraciiialaes ol e Type 'I‘)'i!n: Ramanuga- - deseribed by
microfilarie, i*, 1=, Hi*,  chariand Al- Kuppuswanie
war {1953} 11938+,
fength L Loligees o o0Tse b wae20 1 Tren IR seE-1)
Bevadtit, hegd-emnd G652 4R 450 300 FRE Ty}
Uiniarec srom the: gnievior
sach e the nerve vingg L 0 2000 Ny 11130 L I | AL
Hhispanee frotn the anterior X :
atd of the excretory pore 1 5745 4.3 0 UY-T 2704t §7-2 oo
Haianee Sron Whe anterior
nel g theanad pore ] L HENLL L Al
1

Tagigth o i cephadic

~{3ALT B sl L

i
-
|
b

e L RET as t.li.?sl’,'i‘ii.]l‘f{-{“ill'l. th Ih i’;a[.).t‘.r.

Pl medinm gized microfilarie {Fype FE) also had coarse nuclear bus, with
i skl cephalic space, and a blunt tail end which was packed with nuclear material.
Fhe sheath enuld be easily made out in a majority (nearly 8) per centy of this
tpe of microfilarie, This microfarin compared well with diat deseribed by
Kuppuswamy 11936) Trom Malayva.

The sinallest sized microfibaria (Type 111} had very Bude cepludic space, and
e auclear  column  biturcated a Jittle behind the proximal cnd and ran
- ewe parallel Hnes along the edges on either side. . The eandal end was
aniformly tapering and packed with nacleli,  This type of microfilaria appeared
o be simifar 10 that deseribed by Ramanujachari and Alwar £1933).

Two fowls, shawing all the three types of microfilarke, were sacriticet] b
noaidt worms were recovered in spite of carelul examination.  In the absenve of
s adult worms, it has nol been possible (0 identily the species of microfilaria
socousitered in these fowlds,

Kuppuswamy {1936) surmised that mosquitoes would be the vectors, Dy
1835 and Rozeboom (19568) reported unsuccesslnd attempts to infect mosqaitors
with fowl {ilarie in the Philippines.
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The Jolowing species of lahorarory-bred omsquitoes have so fae been utilized
without success 1o study their ahility to transmir the filarial infections reported in
‘his paper.

Species. Number dissected,
RTTIT . 35
(. fatigns . . 1O
0. sitiens . 25
todes wg rpti .. . RIY
M. annulifera ... 4
Nooswbprets L 1

The possibic role o cctoparasites of ihe lowl e ticks, Heo and mites as
veelels, 1§ heing imvaestigated,

SUNMARY.
A deseription of three vy pes of sheatdhed rucroftharia found e domesue fowls
e Imakulam and Sherablai (Travancore-Cochin State} is given.
Attempts (o infect experimentally diflerent local species of mosguitoes have

proved unsuccessiitl, The possibitity of cotoparasites of the lowls being the vectors,
is heing investigated.
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STUDIES ON REPRODUCTIVE SYSTEM OV CONISPICULUAM
GUINDIENSIS.

1. Production of microfilariz ‘in vitre®’ by (. guindiensis.

ay

N GoS) RAGHAVAN,

DALIE SINGH

AND)

V. N, BHATNAGAR.

“Malaria Institute of India, Delta.’
{ Jane 8, 1956, )

Panpry ef wd T1R2: descrvibed o the garden Yeard, Gadores cersicolor, around
Guindy, Madras, a vaturally occurring filarial infection with a non-periodic
shwathed microfitarie. Webber {19544 19346) and Hawking (1954) reported
their studies on the reproductive syseem of Litosomoides carinii {rom cotton rats,
Hawking (1954} reported the number of microfilarie produced “in vitro® by
female adult worms . carimi and rvesahs of similar stadies on adult females of
{2 wwindiensis are recorded in this powe.

MATERIAL AND METHODS,

Adult femade worms of (0 pugwdiensic were collected from imnlected Calotes
vensienlor, obtained through the conrtesy of the Divectoy, King Instituie ol Preventive
Medicine, Guindy, Madras, The adide fomales were  identified  from  the
deseription by Menon of ol (194, and for their parturnition by examination ip
normal saline under the binocular dissecting mcroscope.  Individual worms
were kept in small recepracles with 25 per cent animal serum and 75 per cenr
Ringer solution conining -2 per cont glucose and incubated ar 75°F,  After
2.5, 4,19, 22 and 48 hours, 30 c,mm. of the flutd was withdrawn and the number
of microfilarte were counted.  After withdrawal of Hloid each time o similar
amount of flind ooly, from a separaie containey, was replenished,  All possibie
aseplic precautions were observed.

©hih



206 Studtes on Repraductive Systen o) Conisplenium guindiensis,

Five sews of observaiions, using cleven worms, were carmed oug, O these,
cwar seis (Serial |t 4, and 8 and 1€ of Table 1Y using four and 1two wormns, respee-
nvely, were normal; e, incubated in serum and Ringer’s solution alone, while
iy anather experiment three worms {Serial 3, 6 and 7 of Table It wore incabated
ipr three hours in the pormal manner, whercalter 60,000 units of penicillin were
added ro study the effect of the antibioiic on the production of microfilaria,  In
the fonrth experiment, o g receptacle containing one worm (Serial 9 of Table 13,
asimitar amount of penicillin was added alter only twa hours of incubation 1o
serum alone.  The last experiment was o study the action of dicthylearbamazine
ter twe hours of tncubation in normal serum {(Serial 11 of Table {1, Resuls
are seC in Table T helow,

Tanre §.

Vumieis »f miomfilarie preduced oy adull qoormes of G guindiensis o e
differeni experimenis.

Seiki O3ty SUMBER UF SHOROFILAKIAR PRESLNT AFTER.
dienber ol af Auid Lo - B I TSI P e e e Renmrks.,
ceeeplacte ased . . i

sontaining o ovec o 2 hours, 3 hours, 4 Dreserrs, : 15 herres. l HALN ETYITIN SR Nouirs,
adulir ' ; :
RO TR : !
1. 2 LMILY %480 Snake secruny in
‘Ringes's wndntion.
2 8 j . [ | - L T3 .
1, 3 ERT) - 1,350 Hiuflale serpim in
' RO18 (owa - Ringer's snhution.
' 3 vy | .N80
i . Wit ’ - : o Plus Bi,008
smigs of penicillin
alter three hovrs
_in-‘_‘uhﬂri(m‘
g 4 . 1.7 b
j [l
5. 3 LR%] . 1,0 11340 s7.600 Buffalo serum in
Ringer™s solution.
b 3 2R . .o plus 8OO0
wnily penieillin
alter wo hours
incubation o
agrmal seren,
2 H N 1Y) . . 2970 £,.576 fansr Buflalo scrum in
Ripger's sotution.
fi 1 240 .. . [N 44,730 TN L plus 25 nye

cdwthelearbama.
zine  afler  twn
hours incubation
o normal seram,
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RESULTS.

From a swudy of the worns meubated in 23 per cent serum as above, it is
noted that an adult female worm of C. guindiensts maintained i 75 F. “in vitvo
produces 1,350 10 87,660 (average 19,517} microfilaric in 48 hours, Most of the
nierofilarie are extruded between the sccond and twenty-second hours, though
the worms remain alive and motle for a longer period. The above observations
correspond. generally to those recosded by Hawking (19163 for the adull [emale
worm of L, carini,

In the series where pencillin was added, though the worms were actively
puriurating just prior to the additdon of the antibiotic, further extrusion of
microfilarie ceased immediately after the addition of the aniibiotic.  In all these
cases, the worms remained alive and motile for over 48 hours.  Further studies
are in progress on the effect of other antibiotics and production of microfitaria
v O, wandiensis © in vitre”,

As regards Serial 11, diethylearbamazine was found 0 have no effect on
the extrusion ol microfilarie, This result is in conformiry with those reported by
Malaria Iostitute of India {1953} on the lack of effect of dicthylcarbamazine
in vitro® against the adults or microftlarie of €. guindiensis,  Studies on the effect
ol anefitarial compounds againse the reproductive capacity ol O, yguindrensis * in vitro’
have been planned.  These studies, 1 is expected, will throw some light on the
wiliey of using the reproductive capacity of the whole worm " in vitre’ for the
screening of ¢ filaricides” as against screeming against MJ. . guindiensty ondy as
suggested by Hawking (1946},

ENUMERATION OF MICROFILARTAL AND RGOS IN AN ADULYT FEMALL
WORM OF €. GUINDIENSES,

Avempts o count nerotilarie and eggs in adult female worms in histological
sections gave unreliable results, as the microfilaria get cut into small pieces.
Avcordingly fresh preparations were used.  The female worms were cutinto | mm.
sections, cach of which was translerred to a separate shide in a drop of saline,
winced, spread, dried, stained and cxamined under the microscope. The total
number ol microfilariz and ova was coumed in cach slide. One worm 12 om,
fong showed 3,353,040 microfilariz and ova according to this wehnmique.  Another
worm 87 em. long showed 1,04,175 microfitarie and ova,

It appears that the wtad count of ova {all stages; in an adult female
(. 2uindiensts is of the order of 2,28,000,

SUMMARY.

1. An adult female Comispiculum guindiensis maintained ©in viteo " at 73°F.
produced 1,350 1o 87,660 (average 19,317} microfilarix in about 48 hours. The
parturition started in two hours and reached a2 maximum in aboul twenty-two
hours,

2, The possible inhibitory cfiect of penicillin on the parturition of C.
ouindiensis is set out.
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Y ! g

1. Phe possible rale of study of effect on parwsition of female O guadiensn
45 an o in vitre technigue for sereeming of fitaricides and related rompounds, t
hroughi oud,

. A mawure female O guondiensiy conuined abont 104,175 o 3,353,040 nva
cnerage 2,28,836) 1o all stages of develpoment up 1o the mawire microftiarie.
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DIVIDING VORNS OF PO FALCIPAREM IN THE PERIPHLIRAL
BLOOD QF ADULTS.

BY
B BASU L wo, nubwe |
WA
V.oP0 RAY, LB,
“Maiarea bastiinte of India, Deiiu.
e S 1956,
INFRODUCTION,

THE occurrence of schizonts and wenue forms of P, feleiparam ta the peripheral
hlood may be seent in some cases of malaria,  The influence, nnder which these
forms are detectabie in the peripheral blood, remains undetermined.  However,
the presence of the dividing forms in the blood smears is nsually associated with
very low tolerance of the patient and conseguently denotes grave implications
regarding the progonosis of the case { Jolly, 1936; Schwetz, 1938: Raper, Wilson
and Wilson 19431

This communication describes the appearance of the devcloping forms and
whizonts in two vases of P, faleiparnm infcction not in anv way seriously il Both
made uneventful recoveries with the standard treatment,

CASE HISTORY. *

ase wamder 1 Adult made, aged 23 vewrs, presumalby sem-immune, vistted
his village home in Aligarh Distrier, U.P. duning the fransmission period and
shviously contracted the mfection there.  Oun the third day of fever, the patient
was admitted into the hospilal, and his temperature was recorded as 103:2°F.
The following dav, the patent was afebrile, but on the fifth day the temperature
yuse up to 105K, The blood was examined al this stage and P. falciparum rings,

#Bath patients were from mnrongss the Poties Foree of te Delhi Stne and were treated at the local
oo Hospital,

RITI N
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irophuzoites and schizonss were seen. Nothing abvormal was detected 3n the
tungs and heart, The liver was not enlarged nor was the spleen paipable. The
general condition of the patient was good.

The patient responded well to oral dose of chloroguine.

Case mumber 2. —Adult male, aged 23 vears, was admired o the hospiial
withs 2 history of fever for three days assoctated with cough and cold. The tempe-
rature recorded was 1042°F.  Throat was congested.  The spleen was not
palpable. The blood was examined and P, faleiparum vings and schizonts were
detected.  'The general condition of the patient was good.  The patient responded
satisfactorily 10 intravenous chloroguine.

DENSITY OF PARASITES.

The maximum parasit@mia, observed in case number 1. did not cexceed
cight parasitized cells per 10,000 ervibrocytes while in case number 2, the highesy
narasitemia vecorded was 16 parasitized cells per 10,000 ervihrocytes,

MORPHOLOGY.

The inlected ervihroevies wore uniformly normal in shape and size, some
were stippled with Maurer’s dows.  Tenue forms of parasites were common in
vase number 1, while in the other the tvpical falciparum rings were present in
large numbers, Double chromatin dots and accole {orms swere cncountered
frequently,  Immature schizonts containing 4 to 1 merozoites were rocountered
in fair number in both the cases,  The morphalogical characrer has been presented
in Plate V {camera lucida drawings).  Gametocytes were not seen.

DISCUSSION.

Dividing forms of P. falciparwn in the peripheral blood have been observed
it voung children with marked splenic enfargements and arc associated with high
density of parasites {Jolly, 1936).  Such unusual cases are considered as indicating
cither low tolerance and grave prognostic consequences, or of indifferent significance
‘Schwetz, 1938},

In the cases under review, the patiemts were adults and presumably semi-
inunine from endemic areas.  Further, the low density of parasites {less than
13 per cent cell infection) indicates a fair amount of tolerance,  So, thie associarion
of the dividing forms with low tolerance (as in children’, splentc enlargement and
high parasile density, is not applicable in these cascs.

Raper et al. (1943) reported similar occurrence of the dividing forms of
. talaparum in Alrican adults who recovered with minimal treatment or no
rrearment at all, They suggested that there may be a race or siraan of P faleiparom
in which peripheral schizongony mav occar.  Probably a strain difference i
also applicable in the present infection,

Both the cases were ecasily amenable o antimalanal teaiment, The
pirenteral administration of chloroquine was more in nature of a saitabhe
therapeutic trial of the drug and bore no relation o the gravity ol the case.
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Tywo cimes of P Jadeipeaon inicenion e adelts, sty senmberal selnzogony,
aredeseribwd, The cages were without the grave implicatons. . The morphological
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MALARTA IN BURMA
A Review,
BY
M. POSTIGLTIONE, st vors & .
AND
V. VENKAT RAGD), rR.ES, wRsHY
fMalarie Section, {UVarld Tealth Organe zation.”
{ September 9, 196, ]
INTRODUCTION.

Burmia being generally w highly walarious country, a number ol aitempts
were made in various localities by different authors to study the problem but
very little of it is known outside the local official circles as the bulk of the informa-
rion has not been published. No atrempt has been made to collate available
information from various sources and present a picture of the malaria situation
of the country as a whole.  Following the assistance afforded by the World Health
Organization and other allied internatiopal agendies, in the dernonstration of
modern methods of malatia control and in the training of malaria workers of
different categories, the Government of the Union of Burma have Jaunched a
five-year country-wide programme of malaria control which is soon expected to
cover all the malarious arcas of the country,  There is also the distinet probability
nf this programme being developed into a malaria cradication project. It is
thus desirable, and perhaps cven necessury, to take stock of the position as it cxisted
prior to the inauguration of the malaria control plan and sum up the available
information within the compass of a single paper in order that a proper comparison
might be possible with conditions prevailing at a Jater date when malaria is
brought under control, or has heen eradicated, as the casc may bey

% Pl authors wish to express their thanks ta the authorities of the Won [d Health Organizaiion, South-
tast Asia Region, aned the Deputy Birector of Healih Services {Public ITealihi, Burma, for ibeir permission
1 pubidish this paper and to De. B J. Pampana and D, B, Brurford Weeks of the Malaria Section, Warkd
flealth Organization, for belplul eriticism and suggestions.

1A mataria control demsnsiration peaject, assisted by the World Health (Organization, was in operation
in the Lashio area of the Notthern 8han States form October 1931 10 Mareh 1954, during which period
Adetailed studics were made ai the epidemniclogy of malaria in the arez anid en the bionomics of the Jocal
vector, A, minimas, Fhese studies are not included in this paper, as a complele report on the aciivties of the
project is likelv to be published chewhere. A hriefsnmmary of the resulis of these operations has, however,
hren furnished Ty The (10541,

( 273 )
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Burta is sitwated in the Oviental Region and is a rather sareow strip of
couniy, its greatest length form north to south being about 1,300 miles and the
areatest width cast to west 600 miles.  The area of Burma is about 2,62,000 square
riies.  Its population, according to the census of 1941, is about 17 millions hut
detailed records are not available. The density of population over the whole
area is 65 per square mile but it varies from about 30 in the hill tracts 1o over 500
i certain parts of Southern Burma.

The country s largely made up of a scries of moantains and valleys running
trom north to south, some of the mountain peaks rising to ahout 10,000 feet above
the sea level while the valleys hardly reach the 1,000 feet level, Each of the valleys
is traversed by a major river, which is fed by numerous tributaries. Ounly one
part. of Burma is really fiat and that is the main valley of the River Trrawaddy
constituting a large part of Central Burma. Many of the mountains consist of
tard crystalline rock but there are also a few newer sedimentary rocks, specially
in Central Burma, where ol occurs. A large part of the Shan Platean, however,
comsists of lime stone, where grass lands, rather than cultivable solls, arc formed.
Several valuable minerals are {ound in arcas covered by hard rocks, such as tin
at Tavoy, lead and silver at Namtu and rubies and other precious stones at Mogok
Trench and Dudley Stamp, [941).

According to rainfall, the country has heen divided into three zones, siz.,
the coastal zone having an average anmual rainfall of about 200 inches, the
northern zone, mainly consisting of hill tracts, having an average annual rainfall
of about 80 mches and the dry zone in Central Burma, where the annual rainfall
ranges between 20 and 40 inches.

The Tropie of Cancer passes through Burma just north of Mandalay;
therclore, a major part of the country lics in the torrid zone.  However, the weather
is generatly very pleasant in the hill tracts (which constitute about 60 per cent of
the whole country) but the dry zone is very hot in the summer months, the
remperature in shade sometimes rising beyond 113°F.

The aotochthonous races inbabiting Burma are the Burmans, Mons, Karens,
Shans, Kachins and Chins, the last-named three peoples being confined mostly
13 the northern hill region and the Shan Plateau. A large part of the area, known
as Tenasserim, is claimed to be the territory of the Mons, while the delta region is
populated by a large number of Karens, At the southern tip of the Shan Plarcan,
there are Kayahs, who are not-more than a million in strength.  Tn addition,
there are, specially in the hill tracts, several tribes who appear 1o he different from
the ather racial groups mentioned above. The largest tribe among them are the
Pataungs inhabiting mainly the Northern Shan States. The Wa Tribes inhabil
the extreme north-eastern avea called the Wa States.  This area 1s covered with
mowttains and forests and is very inaccessible,  This is a poorly developed area
and the people are extremely backward., The Burmans constitute zhe majority
nf the population, outnumbering all others put together.

None of these, however, are the original inhabitants of Burma (Harvey,
1947) with the possible exception of the Wa tribe.  The earliest inhabitants were
indonesians but they are nowhere it the country now and have left not even a trace
ob their existence here.  They were displaced by various Mongolian tribes, who
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are the forerwaners of the present inbabilanty and who migrated o Burma in
successive waves, beginning only o few centuries before Christt The latest
immigration was that of the Shans, who are of the same stock as the people of
Thaitand, in the (wellth and thirtcenth centuries AD.

There are also appreciable numbers of forcigners at present in Burma,
mosily Indians, Chinese, Nepalese and Pakistanis, their tofal number probably
not excecding one million,  Many of them have been in Burma for over five or
six decades and are hkely to be gradually absorbed into the local population,

For the purpose of the present study, the couniry is divided into four regions
instead of the seven * natural 7 regions described by French and Dudley Stamp
idoc. cit.). The four regions are;—

1) The Hill ‘Fracts, comprising the western and northern hill ranges and
the Shan Plateau:

n~

i) The Plains, comprising the Dry Zone formung Central Burmag
iy The Dedta consisting of south central Burmaj and
‘ig) The Coastal Tracts consisting of Arakan, the coastal arcas of the Delta
and the Tenasserim Coastal Strip,
Map | shows the houndaries of the reglons.
Mar L,

Vhe jour malaria regions of Burma




Malaria in Burma.
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SOURCES O STUDY.

‘There are, Tor the whole pre-war period, only a few published records of
majaria in Burma, One of them deals with the malarisz in the mining arca of
Mawchi by James (1929), another relates 1o the study of the anopheline fauna of
he Arakan Region by Grewal {1937} and the last deals with the clinical aspects
of malaria among troops hy Stott (1916). However, there arc many unpublished
vecords of investigations in several localities of Burma which are available in
oflicial records, all of which are referred (o in the present study,

Fhe most important among recent reports is the thesis by Fox {1948}, in
whichh he not only summarised the existing information on the anophelines of
Burma but also recorded his own obscrvations on them. A few other records of
war-lime work in Burma by other authors have since been published,

THIL HLILL PRACTS,

A number ol investigations were carsied out in the hill waces by various
workers ai different times. They were mostly undertaken in isolated localitics
when specific reasons necessitated the studies, such as the posting of army or police
personael in any hill station or the occurrence of an unusual amount of sickncess
among government officials.  The studies were, thercore, restricted 1o towns and
covered only limited periods, the longest not exceeding five months. A few villages,
situated close to towns, were studied on a few occasions, Only 10 a [ew cases, these
studics wore followed by control measures as at T.ashio m the Shan States.
In spite of thesc Hmitations, the reports contain interesting observations on spleen
and parasite rates and, o a lesser exteni, on malarial morbidity and mortality
as well, from which it is possible to gain some idea of the malariasituation as a
whole.  In certain cases, dissections of the local anophelines were made and vector
spedies indicated, which enabled the workers to make a bricf study of the bionomics
of the veetors,

Spleen rates, - Some of the investigations were made during the rainy scason,
while others were made either before or aflter the rains. | s will be shown later,
the bulk of transmission occurs during the monsoon period {May-Ociober), the
figures obtained before the commencement of rains, and even during the rainy
scason, may not afford a true picture of the sitwation and may tend to minimise
the actual hazard.  The ages of the children examined are not always furnished.
Only Lalor {1912} and Feegrade (1926} specifically mentioned that the children
examined by them were under ten years of age, while Maung Gale (1927} siated
ihat he examined children who were not more than twelve years old.  The method
of palpation has not been mentioned cxcept by Maung Gale (loc. rit). He
measured the enlargement by the finger-breadth, a practice common at the time
and the same rnethod was most probably adopted by the other workers too.
Sentor White {1930} alone recorded the different sizes of enlargements,

Table T shows the spleen rates recorded by various auwthors in this region,



M. Postiglione and V. Venkat Rao. 277

Tasie i,

Spleen rates amemg childyen under 12 years of uge recorded in the Hill Tracts of

Burma.
Number of ¢bild- - Splecen rate per
Authior, Year, - Lacality.* ren examined, cent,
Labor .: (198 : Wuntho Fown .; ! : 71
- {1913 I Villages near ? I 806-93
' Wauantln
Fevgrads _ {23y Bhatio ? LR
. {19263 ! Lashio Town : ? - 34-54
127 i Flsipraw Town R38 : 23-54
(R Mong-Yai f EL7 52
Manpy Laie : b g Papun 2 52
Tolty (28 Mawlaik : ? 4
1 Tin : {1937} . Wunthy : 2 n
" ©{mmm) ] Lauksawk ‘ > 50
Seainr White {19300} Villages near : 3 I 4
) i Nannu : .

fixcept at Bhamo, spleen rates above 50 per cent are recorded from all other
localitics of this region. The varying splecn rates in certain towns are explained
by the authors as being due to the proximity or otherwise of the breeding places,
those living on 1he outskirts of the town or close to running streams showing more
splenic enlargements than those fiving in the heart of the town.

That the spleen rates in the villages were gencrally higher than in towns,
was specifically mentioned by Lalor {1912} who found higher rates in villages
ncar the town of Wuntho than in the town itself,

There is only one record of adult spleen rate by Feegrade {1925) from Bhamo.
‘The very low rate {2 per cent) recorded here cannot be of any special significance
as the spleen rate among children was also very low, being just above the
hypo-endemic levcl,

Considering the extent of the region, which is very large, the spienic examina-
tions made may appear to be very meagre. Also, the fact that most of the
examinations were restricted to towns, limts the usefulness to a certain extent. It
may, however, be justifiable to postulate on the basis of avaitable information that
the hill tracts, as a whole, are hyperendemic for malaria, an observation which is
shared by Fox (fec. ¢it.) and other authors,

# Reference is iavited to Map 2 for the focation of 1he towns referred 1o in this paper.
p
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AMar 2,

Towns meniioned in the lext.

t Akyab

2 Kyauk vy
3 Bun Do Way
4 Dassein

3 Pya Pon

f Rangoon

7 Pegu

4 Moulmein
y Prome

wat Tyin Ma Ka
1 Min Bu

tz Pwin Byn

13 Mancdalay
54 Madava

y,g Amarapura
16 Maymyo

oy Ha-Taw

1& Lashio

n Namin

200 Mong Yai
21 Bha Ma
sz Myit-Kyi-Na
45 Wun Tho
u4 Favoy

Parasite rates.-—Most ot the above-mentioned authors recorded results of blood
examinations made by them. Lalor (1912) and U Tin (1937) found a parasite
rate of over 50 per cent in Wuntho, U Tin {1953) rccorded a 60 per cent rate in
f.auksawk, Maung Gale {1927) found the parasite rate ranging between 2{ and 33
per cent in Papun, and Feegrade (1926 a) found a 30 per cent rate in Lashio and
between 20 and 30 per cent in Hsipaw. U Tin (1937) rccorded a 74 'per cent
gamctocyte rate among 101 children examined in Wuntho, These figures, which
were recorded in widely distributed localities at different times, are more conform-
able to endemic than to epidemic conditions.

The three common species of malaria parasites, vz., P. falciparum, P. vivax,
and P. malarie were encountered cverywhere during these investigations, The
first two ;Fccies were much more prevalent than the last but there appears to be
some conflicting information about the relative prevalence of the first two species,
P. vivax was observed to bc the dominant species in Wuntho (U Tin, 1937), in
Papun (Maung Gale, 1926) and in Hsipaw (Feegrade, 1927). However, Feegrade
{1925:19264) found that P, falciparum dominated the picture in Bhamo and Lashio
throughout the transmission season. These -disparitics might be due to the small
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number of subjects (xamined in certain instances.  The difficuliies experienced in
collecting children for taking blood smears have been fully deseribed by Feegrade
(1930); he cites an instancc where among 469 children cxamined for splenic
enlargement, only 82 blood films could be collected. The best evidence, as to
the relative prevalence of these two species, has probably been adduced by Scnior
White (1930) from Namiu. He reviewed the results of blood examination of
34,525 malaria cascs admitied into the Burma Gorporation Hospital during the
vear 1929 and concluded that the dominant species during June-December was
P. falciparum and that, daring the rest of the year, P. wvipax predominated, This
indicates that a large majority of fresh infections oceur during June-December
and that the bulk of the incidence in January-May is due to relapses,

Feegrade {1923) casually mentioned in his report on malaria in Bhamo
that ** cases of P. ovale and P. tenue were included under P, faleiperum ™. This is
indeed the first time that P. gvale is recorded in Burma and it would be interesting to
ascertain if there arc any further records about this species, However, why
P. ovale came to be included, along with fenme, in falciparum has not been
explained.

Meieorological records.~-Observations recorded in Lashio from 1922 to 1926
show that the average annual rainfall there is 628 inches and that most of it is
precipitated between June and September,  The mean dailly maximum
temperature is 85°F. and the mean minimum 63°F., the highest being 101°F.
in May and the lowest 43°F. in Janvary. The average relative humidity is 89
per cent, the maximum being 96 per cent and the mintmum 77 per cent.

Cionditions in other parts of this region arc not dissimilar, though in places
like Kutkai and Taunggyi, which are situated at an clevation of about 4,500 {feet
above the sea level, the rainfall may be heavier and the temperatures lower.,

Though the relative humidity remains favourable for malaria transmission
practically throughout the year, the temperawure appears to be definitely un-
favourable during the cold months of December and Janwary, The distribution
of rainfall renders the streams and other running waters unsuitable for anopheline
brecding in June-August, whereas optimum breeding conditions cxist in the post-
monsoon months and in the carly monsoon period when the flushing cfeet of raing
is not very cflective. However, as Fecgrade (1926) has observed, a certain amount
of vector brecding goes on unchecked during June-August in the terraced
ricefields of the valleys, which thus become the temporary breeding places for the
vector.

Transmission season.— Though no specific mention of the transmission scason
was made anywhere, most workers have agreed that the people suffer from
malaria morc during the rainy scason-—-May to October—than during the rest
ol the year. U Tin{1933), however, suggested that transmission is perennial in this
region. Feegrade (19264} obscrved that, though the bulk of transmission is
restricted to the rainy season, therc are two peaks, the fisst in May-june and the
sccond in Spetember-Octlober, and that the morbidity of later months is made
up largely of relapses. Except Scnior White {foc. cit.), other authors based their
arguments on morbidity figures from hospitals and dispensaries where malaria is
diagnosed on clinical grounds alone. However, in highly cndemic arcas such as
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ihe one under siudy, chinical diagnosis may be accepred as faitly correct and
authentic.

Since dissccuions of vector  Anopheles were not continued to cover one
vear or ‘scason’ in any locality, the conclusions about the length of transmission
scason based on morbidity cannot be verified, 1t was, of course, not feasible to
obtain blood films from infants to determine the lengih ol the period ol transmission;
i has already Deen shown that collection of blood films e¢ven {rom grown-up
children was very difficult.

Tt may be stated on the basis of available information that transmission
probably lasts throughout the year, with a very lowintensity during the cold months
and with two peaks, one immediately afier the onsct of the south-west monsoon
and the other towards the end of the monsoon period, the latter being invariably
the highcr,  In spite of enviromental conditions being favourable, there is a reduced
incidence during the heavy monsoon rains; this is obviously due tn the flushing
ofect of the raing on streams and other Jotic waters where the local vector, A, minomus,
breeds.  The very Jow incidence observed in the dry months of March and April
mity be due to the reduction in vector outpul as a result of their breeding places
hecoming dry.

Morbidity and mortality,—There are clear indications in the reports of vinious
authors that a large proportion of the adult population actuaily suffers from
malaria cvery year. Feegrade (1926) has shown from the hospital fi figures of Hsipaw
that about 80 per ceat of the total population, scxrved by that hospital, suffered
from the disease during 1926. Referring to the hospital records of Namtu, Senior
White {loe. eit.) stated that onc-third of the total admissions in 1929 were malaria
zases, diagnosed miroscopically, among whom there were many adults,

The splecn and parasite rates among children, already furmshed, show that
snany ol them are exposed to the risk of malaria rather carly in their lives and
continue to sufler from it afterwards. Malaria is probably their main health
hazard.

Data on vital statistics are available in only a few reports. U Tin (1937a)
says that, during 1931 and 1932, deaths from * fevers ” in Kalemyo accounted for
more 1ban 73 per cent of the total mortality. Maung Gale (1926) bas shown
that about 60 per cent of the mortality at Papun, in 1926, was duc to malaria.
Both these localities arc endemic for malania,

Blackwater fever.—Lalor (1912) alone makes specific memion of biackwater
lever at Wuntho, The fact that other authors made no mention of it, may not
mean that it had not been a problem.  Several medical men, with whom the
present authors had discussions, arc agreed that blackwater fever, though not very
common, was prevalent in parts of Mytikyina, Namtu, Lashio- and Loilem. T,
however, appears that, since the ncwer synthetic drugs have practically climinated
the use of quinine, blakwater fever has tended to disappear.

Economic effects of malaria.—The effects of endemic malaria on the people’s
economy has been studied only by Senior White {loc. ¢it.), whe made a detailed
valculation of the amount of money lost by the Burma Corporation at Namiu
in 1929 on account of malaria. In this study, he took into consideration {g) the
ioss of working days among the Asiatic and non-Asiatic stafl employed; (6) the cost
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of hospitalizaton of malaria cases and {¢) the cosi of medication of out-patents
and came to the conclusion that, for a population of abour 12,000, the Corporation
had lost Rs. 88,780 during that year. Thus, the loss per capila was Rs. 6.56. He,
however, added that the indirect cost, due to practical ineflicicncy of employees
having quinine treatment {which was the only treatmens then available) and
recovering from attacks and of absence of key personnel from time to time, was
not 1aken into account in the above calculation and it was aAlmost “ unestimable *,

Namtu is an industrial seitlement, where medical aid is always available
and the wages of stall members are casily ascertainable, thus simplifying the process
of estimating the financial loss due to malaria.  Its cconomic effects in rural areas
cannot be computed with the same degree of accnracy, inainly because ol the
difliculty in assessing the actual number of man-days lost. It has heen stated by
some workers that, in such areas, the agricultural operations are carried out in
the absence of the sick adult members by other members of the family who
otherwise have no work to do and there is, therefore, no actual loss in terms of
money. It is, however, doubtlud if this somewhal camplacent view is applicable
to thinly populated areas like the one under study. The density of the rural
population in this region is only about 32 per squarc mile and there is very littie
likelihood of the loss of man-days being casily made up by surplus population.
The sickness among the people must, therefore, operate adversely on  their
economy. Here too, the indirect effects of a large part of the working population
being frequently sick and physically poor remains * unestimable ™.

FEndemictly and immunity,—There is not much information in the available
records to show whether the hill region is hyperendemic or helo-endeniic for malaria.
The only adult spleen rate taken by Feegrade {1925) was in Bhamo Town, where
the child spleen rate was itself very low, being very near the hypo-endemic level
and a low spleen rate among adults does not, therefore, signify anything, Vital
statistics are virtsally absent. The following recorded iacts may, however, be
constdered in this respeet:—

{a) The spleen rates among children are not constanty above 75 per cent;
in fact, in a number of cases, they are not far above jo per cent;

th) The information on morbidity furnished by almost all the auihors shows
that there is an appreciable amount of sickness among adults;

(¢} The available data on mortality show that malaria is an imporant
viause of death in all age-groups; and

id} There is evidence to indiate that transmission is not continuous; even
during the monsoon period, which is deseribed as the active fransmission
scason, there is reduced incidence between the two peaks, whereas the
winter months are markedly healthier,

YThe hill tracts of Burma, thercfore, appear to be hyper-endemic for malaria,
Probably, there is no area in this country where holo-endemic conditions are known
to prevail.

Anapheline vectors.—Table 11 shows the results ol dissections carried out by
different authors in this region.
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Results of dissections.
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*Disscetions of these two speeies carried out in the Southern Shan States by U Tin
L 4928; and Singh {1910} are nol included in this Table as gut and ghnd infeciions were
nil shown sepavalely.

tinfections were, however, found in the Arakan region and Burma-Yunnan berder,

Al the authors are agreed that, of the above mentioned spectes, d. minimus
i3 the most important vector of malasia in the whole region. Tn summing up the
nosition in the hill tracts, Fox (loc. ¢it.) said that A. minimus is chicfly responsiblc
ior the intense post-rnonsocon {ransmission that occurs in all highly endemic foot-
hill areas and i the cqually imporiant mountain valleys of the western hill
range and the Shan Platcau. In arcas where breeding exiends through the
pre-monsoon months, he suggesied, it is probably responsible for pre-monsoon
rransmission as well,

The adult bionomics of vector Anopheles arc of great importaree in malaria
vontrol through the use of residual insecticides and it may, therctore, be profitable
lo discuss the subject here in some detail in respect of the above mentioned
SPeCics.

Most of the work referred to above was done before the advent of D.I.T.
and ar a time when anti-larval operations were the only method available for
malaria control. It is not, therefore, surprising that some sindies were made on
the ecology of anophcline larvae but none on adult bionomics which, therefore,
imerits some discussion here.

(i} A. minimus—Macan (1948) has stated that minimus caters houses at about
9 p.m. and the peak is reached at midnight, but most of the feeding takes place
after midnight. He also made the interesting observation that, in Scptember, the
blood-fed percentage collected at night was only 10 but, in October, the pereentage
increased to 39 under identical conditions, which is an indication of the increasing
activity of the mosquito in the latter month.

1t may, however, be emphasized that these collections were made in army
camps where the use of mosquito nets was universal and, therefore, ithe number
of unfed specimens must be high.
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Fox {loc, cit.) found likewise that the invasion of houses by minimus started
between 9 and 10 pon. and the peak was reached at about midnight, after which it
1ailed off. But, leeding continued throughout the night, as caiches made before
midnight always contained 60 to 70 per cent of unfed specimens.

The same author has alse observed that, when minimus enters the houvse for
feeding, it rests on the inside wall for a long period before feeding,

The day-time collections in houses made in Burma by various authors are
shown in Table IIT1.

TapLr ITL

Day-time collections of anophelines in houses in Burma.

i ! ;
Number of  © Percontage of

! :
. Total anuphelines _
Auther. Year, ; collecied. %minimus eollecied. | mindmus to total,

loegeade .. i (1926) | 925 | 525 L T80
U Tin i (1928) X e 2868 . 92°0
Iden b oumn 270 | a7y | 99-3
Fox L s 422 | a4 | 93-3

|

A. minimus is thus shown io rest in houses for a few hours before feeding
and for a much longer period after feeding. Muirhead-Thomsen {1940} stated
that, in Assam minimus feeds and rests entirely in houses and is thus a thoroughly
domestic mosquito but later he modified this view and remarked that, if window
traps and such other methods were available in his Assam work, he would have
been able to show conclusively whether the mosquito is as highly domestic as he
had imagined (Muirhead Thomson, 1951}, Macan (1948} in Burma said that
‘“ a proportion, possibly a large proportion, of minimus lcaves the house after
fecding and seeks resting places outside ”, though in villages situated in open
country with no jungle in the immediate neighbourhood, it is common indoors.
By examining the digestion stages of individual specimens, Fox {foc, sit.) concluded
that, in the Mandalay-Maymyo foot-hills, a large majority of minimus that had
fed on onc¢ night lelt the house the following night to rest out-doors, thus corro-
horating the findings of Senior White and Venkat Rao {1944} on the same group
of anophelines in India,

Tt is thus shown that, during cvery gonotrophic cycle, minimus spends at
least 24 hours resting in houses.

A. minimus is generally recognized to be a highly anthropophilous insect;
however, there are no precipitin test records in Burma to prove this, Instead of
precipitin tests, facilities for which are not casily available, Fox (loc. ¢it.) carried
out extensive night collections in houses and cowsheds as the mosquitoes came to
feed and, from the information so gathered, estimated the anthropophilism of
various anopheline species. He considers that, provided the numbers are large,
this method is just as rcliable as the other and has the added advantage of no
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special cquipment being necessary. In this manner, he collecied 846 minimus in
houses against 51 in cowsheds and concluded that this species feeds predominantly
ot man and that, even when cattle are present, only a very small proportion is
deviated from human beings.

‘The main breeding places are shallow sluggish streams, seepages and other
running waters but Feegrade (1926e) has shown that during the rainy season when
these waters are frequently flooded and flushed, larvae are found n low-lying
ricefields and, to a limited extent, in small ponds and burrow-pits containing clear
willer,

(i1 A. leucosphyrus.—This Anopheles is usvally associated with jungle
conditions and had tll recently beern supposed to be somewhat a rarity,
Christophers {1933), therefore, stated that it is not thought to play any part in
malaria transmission in the Indian region. Clark and Chaudhury (1941) were the
first 1o demonstrate its importance in Assam. They dissected 859 specimens and
tound 8 gut and 19 gland infections, giving an infection rate of 3.4 per cent and
4 sporozoite rate of 2.2 per cent,  Subsequent observations made by workers during
the war have shown that leucosphyrus is definitely important in the nortbern hill
region of Burma (Macan, 1948; Kuitert and Hitcheock, 1948), though its status
in the castern hill region and the Shan Plateau is siill uncertain.

Of the various races or varieties constituting the lewcospiyrus complex, only
the type form and balabacensis have so far been recorded in Burma. McArthur
1950} quoting Reid has staied that the form found in this country is the type form,
which is by far the most widely distributed. Colless (1950) has, however, stated
that he had seen spcimens from Burma collected by Macan and Kauitert and that
they were all balabacensis. Both forms are probably present in Burma, or Reid
may have identified the specimens as the type form because he considered
balahacensts as a synonym ol the type form and not as a distinct vartety. The
wlentity of the form or forms present in Burma is thus left in some uncertainty
hut both the forms are known to be vectors in the arcas of their distribution and
may be considered together in the present context.

The day-time resting habits of leucesphyrus have not been studied in detail
amt the meagre information so far obtained is somewhat conflicting. Macan
:1948) observed that it is mainly a jungle rester, though some specimens could be
collected {rom tents occupied by troops. Clark and Chaudhury {fec. cit.} on the other
hand found many specimens in houses but none in cowsheds. There is, however,
2 good deal ‘of unanimity on the anthropophilism of this mosquito, all authors
having agreed that it feeds predominantly on man but it appears to be a lazy
insect, flying for not more than a hundred yards or so in search of a blood mcal.
The feeding time, according to Maecan, is between 9 p.m. and midnight but other
authors {Copless, 1956} have shown that more feeding occurs after midnight,

The behaviour of the mosquito in the house, when it comes ro feed, has
also been studied in detail by Colless {1956). He has stated that, though the
mosquito does not rest in houses during the day, it rests for a littie witile on the walls
hefore feeding and for a longer time, possibly till about day-break, after feeding.

The breeding places are stagnant collections of water such as burrow-pits,
pools and swamps under thick cover or overhanging shade.  Clear water pools in
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the beds of jungle streams, also serve as good breeding places.  When, however,
the shade is removed, the breeding largely disappears.

(¢i1) A, culicifacies.—Feegrade {1926) found only one guv infection out of
113 dissected at Hsipaw. But U Tin {1928} and Singh (1940) dissected altogether
29 specimens in the Southern Shan States and reported an infection rate of 7 per
cent. Whether these are gut or gland infections, has not been stated,

A. culicifacies i3 pre-eminently a vector of plains areas, specially irrigated
tracts, and has not so far been found to be a vector of practical importance in
hill regions. Fox {lec. ¢it.} considers that its imporiance in Burma is restricted to
Central Burma and that elsewhere, it is virtually harmless. Discussion of this
species will, thercfore, be resumed in the next section when Central Burma will
be considered.

{iv) A. jeyporiensis.—Both the forms of this complex are recorded in Burma.
Christophers (1933} stated that he cxamined some specimens {rom Mandalay
District and confirmed them as the variety, candidiensis. However, when dissec-
tions were made by various authors in this country, they did not maintain the
¢histinction between the two forms and designated all specimens as jeyporiensis on
the plea that the morphological differences between the two forms are too ill-defined
tor precise identification.

The evidence on the day-time resting places of this species complex appears
1y be somewhat conflicting, Macan and Watson (quoted by Fox {loc. cit.} failed
1o find adults in houses and cowsheds in Arakan whereas Ieegrade (1925) was able
to find them in some numbers in the Bhamo area.

In India, jeyporiensis can be found in houses and cowsheds but some specimens
are also found in outdoor shehers {Sentor White, 1947).

The jeyporiensis complex in Burma appears to be more anthropophilous than
rouphilous, unlike in India where it is mainly zoophilous, More feeding takes place
in the second part of the night than in the first. Its behaviour in houses during
the short period of its stay there, has not been studied owing to paucity of numbers.

Larvae of jeyporiensis have been found in shallow waters in valleys and other
stagnant waters, and at the edges of slow running sireams under shade,

v} A. maculaius.—The only gut infection found in this species wag at Lashio
by Feegrade {19264}, who considered this as a secondary vector in that region.
However, alter scrutiny of all available information, Fox (lec. ¢it.) concluded that
macnlatus cannot He regarded as an important vector anywhere in Burma,*

There is very littde information on the adult bionomics of this mosquito. It
15 rarely seen leeding on human beings and is absent from both houses and cowsheds
diuring the dav,  Very few specimens are seen actually feeding on cattle too and
Macan (loc. i1} says that he was absolutcly unable to find where maculatus was
feeding.

(of) A, philippinensis.—This species has a very wide distribution in Burma
and is present in all regions, from Bhamo in the north to Moulmein in the south,

*Jader the heading **The Dela Region®, sme evidenee on the vectorial status of this species is
tucnished,
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and from Kengiung in the east to Akyab in the west, but the only infection found
was in the hill region at Bhamo.

Generally speaking, philippinensis is associated with the plains where weed-
choked tanks arc plentiful and is properly not an important mosquito of the hill
tracts.

Obsecrvers in Burma are agreed that, in spite of prolific breeding, it is some-
what difficult to find philippinensis adults in good numbers in houses and cowsheds
during the day. Its out-door shelters have not yet been ascertained,

There appears to be some diversity of opinion regarding the feeding habits
ol this mosquito. Macan (1918} observed that, in the Kabaw Valley, large
numbers were scen to attack people sleeping on the verandahs of housesin the
immediate vicinity of cattle. Macan and Watson (quoted by Fox, loc. ¢it.) stated
that this species was the most abundant biter of man out of doors in certain arcas
hefore the rains and during the rainy scason, it began to exceed minimus biting
under cover. On the other hand, Fox (loc. ¢it.}, in his night collections, was able
to find only 84 specimens in houses as against 11,938 near cattle, denoting almost
exclusive zoophilism, He, therefore, concluded that philippinensis cannot be
regarded as a major vector in Burma. Probably, on account of certain peculiar
conditions obtaining in Bhamo, philippinensis is a vector of purely local importance
there.

The breeding places of philippinensis in Burma, as in India, are tanks and
ponds with a fairly thick cover of vegetation like Ceratophylium demersum and Hydrilla
verticilata, In India, Iyengar (1944) found that Eickhernia speciosa, on the other
hand, inhibits the breeding of philippinensis.

THE PLAINS REGION (DRY ZONE).

It has been agreed by various authors that a large part of this region is
pracacally malaria-frce and that the disease assumes importance in (g) the
neighbourhood of foot-hill arcas both in the east and the west and {h) in areas
where extensive irrigation systems exist, malaria being hyperendemic or nearly
so In both cases. In dry un-irrigatd areas, interest centres around periodical
localised epidemics of a more or less severe nature. Malaria in the {oot-hills is
similar to that in the hill region with the same vector problems, which have
already been described in the preceding scction. The problem in the other two
tvpes of localities, is discussed below.

Spleen rates.—Feegrade (1930) carried out a detailed survey in nine villages
constituting the *‘ village tract” of Mezali in Minbu District. These villages are
situated in latitude 20° 19 N and longitude 94° 30 E on the banks of Mon River
and have a total population of approximately 4,000. He examined 469 children
{age group 0-10 years) and found an over-all spleen rate of 41.6 per cent. He
attributed this rather high spleen rate to * poverty, nearness to the river and
heavy foliage ” charactersitic of the area.

Other data on spleen rates in this region are found in the old records main-
tained in the Harcourt Butler Institute of Public Health, Rangoon. The spleen
examinations were made in most cases by sub-assistant surgeons on epidemic duty,
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but in a few instances senior public health inspectors, without any special training
in malariology, were also entrusted with this work.

According to these data, the small town of Madaya, just north of Mandalay,
was shown to have a child spleen rate of 25+3 per cent among 87 children examined.
In the Madaya Township, 45 villages were visited, in 30 of which the spleen rate
was well below 50 per cent and, in the remaining villages, above that level. In
Amarapura Township adjoining Mandalay, 36 villages were visited, of which 30
showed splecn rates below 50 per cent and the remaining villages above that
figure. It is not known whether these spleen examinations were made in post-
epidemic periods or during inter-epidemic years. The area as a whole is probably
meso-endemic but this view cannot but be of a very general nature,

Parasite rates.—Fecgrade {1930) found a parasite rate of 15.8 per cent among
the children of Mezali Village tract. He encountered the three common species
of malaria parasites and P. gvale ** in almost equal proportions ”. U Tin {1933),
however, says that, at least in the irrigated tracts, M. T. is much more predominant
than B.T,

Meteorological records.~The main metcorological featurc of the dry zone
is its Jow rainfall, which ranges between 20 and 40 inches annually, The Mezali
area, however, seems to be better (avoured in this respect.  Feegrade collected
rainfall records of this area for the years 1911 to 1928, which show an average
of 47.8 inches per year. This is perhaps duc to its being situated near the Arakan
mountain range {on the western side of the same mountain range, the rainfall is
200 inches per year). Around Mandalay, the average annual rainfall is only about
30 inches. Hot summers prevail in the whole region, the maximum temperature
during summer being over 113° F.  The winters are often mild and pleasant, the
minimum scldom falling below 42" F,

Transmission season.—Only a brief mention of the transmission season is made
in the available reports. Fox {loc. eit.) has stated that the transmission season
extends from  July to March, with a peak in December or January. Other
authors arc in general agreement with this view.

Morbidity and moriality—Records of morbidity are not available in this
region chiefly because of lack of hospital and dispensary facilities. Even where
there is a dispensary within a reasonable distance from a village, cases of malaria
are not always reported there.  Only cases of serious injuries are brought to
hospitals and, in the words of I'cegrade (1930), *“all other ailments and minor
injuries are left untreated or treated by the local “sesayas”™ (practitioners of
indigenous system of medicine) who do not maintain any records.

As regards clinical forms of malaria, U Tin (1933) says that cerebral malaria
is fairly common in certain parts of the region but blackwater fever is rare.

Records of mortality in the Mezali area during ** non epidemic ™ years of
1918-1928 furnished by Fecegrade (1930) show that, with a {few exceptions, the
mortality from ** fevers ” exceeds that from all other causes put together. Com-
menting on these figures, he says that, even allowing for grave errors in the
classification of the causes of death by village headmen, the fact cannot be denied
that fevers, chiefly of malarial origin, account for the largest proportion of the
rotal mortality.
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There is no information {rom other areas ol the dry zone on this subject.

Fpidemics of malaria.—The factors responsible for epidmics in tiis region are
somewhat obscure; in some years they appear to have been associated with failure
of the monsocon while in others cxtensive flooding has been held responsible,
Occasionally, an extension of the irrigation system has been a precipitating factor
Tox, foe. ad).

Tt has been emphasized that epidemics are likely to be superimposed on
hyperendemic conditions in some of the irrigated tracts (U Tin, 1933).

Frrigation and malarie,—Malaria in wrrigated tracts of Burma appears to have
tollowed the same pattern as it did in India, as is shown in the area covered by
ihe Mon River irrigation systcm, In this particular instance, the factors respon-
sibje arc stated to be a radical interference with the natural drainage of an endemic
area together with the introduction of new sources of infection in imported labour
{ Jolly, quoted by Fox, loc. edl.). In India, it has been shown that, as a result of
unrestricted supply of irrigation water, the sub-soil waler rises practically to ground
ievel,  The houses become damp, unhealthy and almost uninhabitable.  Lack of
proper drainage channels results in tanks and ponds remaining always full, and
the scepages, arising out as a conscquence thereof, ereate conditions favourable
tor the breeding of dangerous anophelines {(Rao, 1945). The cffects of irrigation
on. agriculture are at first favourable, bumper crops being harvested in the first few
vears but subsequently progressive deterioration will be observed, as the effects
of water-logging, preventing soil acration, begin to be felt (Covell, 1946). These
remarks apply to this part of Burma in almost every detail.

Anopheline vectors.—~Table TV shows the dissections made in this region by
vartous anthors:
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*All specimens are from foot-hill arcas of this region.

In spite of negative disseciions, A. minimus may be regarded as the principal
vector of foot-hill areas. So far as the irrigated and unirrigated areas are con-
cerned, the only gland infection found was in A. cuficifacies which should, therefore,
he strongly suspected and contrel measures applied accordingly unless, of course,
turther work shows up another and more powerful vector species. It may be
remembered that, in Tndia, eulicifacies has shown to be the vector in many irrigated
racts, specially those which have bheen newly brought under irrigation,
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A culicifacies appears to be a highly domesticated Anopheles.  In Pwinbyu,
Feegrade {1930) recorded that this species made up 97 per cent of the day-time
catches in houscs and cowsheds, and adults werc seen resting even in food store
haskets in the smaller bambeoo huts. Fox (loc. ¢it.) found more adults during
day-time catches at Shwebo than ip his might collections,  He was always able to
collect adults “ corresponding in numbers to the larvae in hreeding places ”. No
speeimens were collected  from outdoor sheliers.  These  observations are in
complete agrecment with Senior White ¢f af. (1945) who observed in India that
cultczfacies spends all but a very short part of its gonotrophic cycle in houses and
cowsheds and that, in this respect, it differs entircly from the minimus group of
mosquitoes.

Many workers have observed that cudicifacies is mainly a zoophilous Anopheles.
Fox refers to precipitin tests made on 14 blood smears of culicifacies by an army
unit, which were all positive for cattle. Macan (1948) observed that, in the
Kabaw Valley, eulicifacies fed on men only when cattle were absent. The personal
observations of Fox were very few and did not admit of generalization but he stated
that the specimens, found resting in houscs by day, had probably [ed on catile
the previous night,

The precipitin tests obtained in India are somewhat disappointing. In
South India, where culicifacies is the only vector, its anthropophilic index is only
25 per cent.. In the Delhi area wherc it is a vector, the anthropophilic index ranged
between 0-9 and 3-2 per cent according to the absence or presence of a suflicient
sumber of caitie.  On the other hand, in the Jeypore Ilills where it does not play
any part in transmission, the anthropophilic index is four times higher (Senior
White, 1947).

In spite of a low anthropophilic index, this mosquito is capable of assuming
e role of a major vector in certain areas owing mainly to its numbers,  (Russell
and Ramachandra Rao, 1942}, '

Its hreeding places are shallow pools, butrow-pits and slow running streams
containing clear water but no vegetation. Whether it is also breeding in the
riceficlds of irrigated tracts and, if so, whether the breeding is restricted to the
first two months or so of the plant growth, has not been shown anvwhere.

THE DELTA REGION.

Very Jitde information about this region is furnished in the available records.
Only some general observations are found in the reports of U Tin (1947) and
Yox (lec. eil). ' -

Malaria incidence.~The distribution of malaria in this region is very paichy
and the degree of endemicity varies from one locality to another, though the
region as a whole is either hypo-endemic or only mildly mesoendemic.  Towards
the Pegu hills, bowever, thereis a higher degree of endemicity but the arca is rather
sparsely populated. The scaward margin is mainly mangrove swamp but this
area will be discussed in the next section dealing with coastal tracts.

A peculiar feature of this region is the occurrence of sharp localized epidemics
at somewhat irvegular intervals, ofien associated with failure of the monsoon.
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As an exampie, U Tin (personal communication} has stated thal a severe epidemic
occurred at Insein near Rangoon in 1929, The spleen rate recorded, when the
epidemic had subsided, was 100 per cent. Regarding the transmission secason,
Fox said that the seasonal incidence is not clearly defined bat is * probably mainly
post-Tonsoon, from September to December ™.

The rainfall in this region is about 100 inches per year. The climate is
mildly temperate, extremes of temperatures being pratically unknown,

Anopheline vectors.—The meagre information available indicates the presence
of three vector species in different localities, viz., 4. minimus, A. maculaius and
A. culicifacies., Probably, as elsewhere, foot-hill malaria is transmitted by minimus.
No dissections of culicifacies are made and thus its complicity in epidemic outbreaks
has not been proved. According to a personal communication from U Tin,
three hundred maculatus were dissected in Insein during the 1929 epidemic, and
two specimens were found with gland infections, giving a sporozoite rate of 0.66
per cent, This is, in fact, the first record of gland infections in maculatus in Burma.
Whether maculatus is responsible also for outbreaks in other parts of this region,
1s not known.

THE COASTAIL REGION.

For the sake of convenience in discussion, this region may be divided into
three areas, »iz., the Arakan arca, the coastal areas of the Delta and the ‘Fensaserim
coastal strip,

The Arakan area may be further sub-divided as follows: -

fa) A series of small mountain ranges, running parallel to the ceast and

covered by bamboo jungle and dense forest. This locality is sparsely
populated.

{6} A hillock area formed by clay and shales, where perennial streams are
abundant and the population larger in numbers; and

‘¢) The coastal strip, which narrows down from north to south and is cut
into by numecrous tidal crecks. The Ramree and Cheduba islands are
also included in this locality, The largest and the most densely
populated villages are found in this locality, where rice is grown whercver
salt water can be excluded by drainage of tidal crecks.

MALARIA INCIDENCE: (i) Arakan Region.—There is not muech information
about the arca covered by low mountain ranges, Malaria is probably hyper-
sndemic there, as in similar areas elsewhere in the country. The hillock area,
where there are many perennial strcams beyond the tidal influence, is also
probably hyperendemic but the incidence is stated to be higher in the rural areas
than in towns. Th coastal area and the islands off the coast, are known to be highly
malarious.

In certain localities like the Ramree Island, malaria appcars o have been
introduced in recent times. Tyssul Jones (1950) observed that, in this island,
malaria did not probably exist before the second half of the last century.  Arvakan
was ceded to the British in 1826 and they established a military station at Kyaukpyu



M. Posiiglione and V. Venkat Rao. 291

(the chief town of Ramree Island) but later abandoncd i lor purcly military
reasons. There was no malaria among the troops. During the second half of
the century, systematic working of oil wells was started, a road was built and the
embankment already existing was repaired and raised in height.  For these
works, labour was imporied In great strengh from Bengal, Orissa and Madras,
scveral parts of which were notorious for malaria, The malaria history of the
island begins al t(his time. Whether gamectocyte carriers were introduced or
vector Anopheles was transported in the process, is not known. In any case, the
situation was so completely altered that, towards the end of 1893 the town of
Kyaukpyn became highly malarious and the military police, who were brought in,
were all stricken with the disease and had to be repatriated.

As the malaria sitnation deteriorated, investigations were carried out first
by Lalor {1913) and subsequently by Williams and Jolly (quoted by Fox, 1949}
and Feegrade {1924). All these anthors found hyperendemic conditions and
suggested, as remedial measures, reclamation of swampy arcas around towns and
villages and substitution of rice cultivation by vegetables and fruits. A limited
drainage scheme was also recommended.

The last survey made by Tyssul Jones (loc. eit.} has shown that the situation
has remained pratically unchanged, at least in the Ramree Island, for the last
thirty years.

There is virtually no information about malaria in the coastal areas of the
Delta,

The 'Fenasscrim coastal area is a very narrow strip of land, projecting
southward and lying between the coast and numerous jungle-covered hills running
from north to south. It also contains the small delta of the Salween River, Being
nearer to the equator than the rest of Burma, the climate is a little hotter but the
rainfall is very beavy, usually excecding 200 inches per year. There is a limited
amount of rice cultivation, but the chief importance of the area lies in its rich
mineral resources which are assoctated with the granitc intrusions of the hills.
Rubber is also grown extensively.

The only report about malaria in this area is made in a general way by
U Tin (1947). He says that malaria is wide-spread in the whole area.

Spleen rates.—Lalor {1913) who carried out the first investigation of Arakan
arca, found spleen rates ranging between 60 and 87 per cent in the Ramree Island.
About thirty vears later, Tyssul Jones (loc. cit.) visited the samc villages and
examined 541 children. He found an over-all spleen rate of 46-8 per cent, the
range being beiween 24 and 70 per cent.  Qut of c¢ight villages cxamined, spleen
rate excecthng 60 per cent was found in four villages and lower than 50 per cent
in the others.

U Tin (1936) visited Sandoway town and examined a total of 804 children:
The over-all spleen rate was as low as 139 per cent hut he pointed out that, in
certain parts of the town which are close to the breeding places, the spleen rate
was 64 per cent. He extended the investigation to villages in the immediate vicinity
of the town and found an over-ali spleen rate of 33:1 per cent among 278 children
examined. Of the six villages visited, the spleen rates were above 50 per cent in
three {two of them showed 100 per cent) and below that figure in the other
villages.
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Parasite rates.—Data on parasite rates are available only for Sandoway.
Altogether 187 blood smears were examined from the town, of which 7.3 per cent
were positive. Of the 131 smcars taken from the surrounding villages, 24.4 per
cent were positive. There is no information about infant parasitc rates in any of
the available reports,

The species incidence shows a preponderence of P. virax, followed i order
of prevalence by P. faleiparm and P. malarie.  Mixed infections were also observed
on a few occasions,

There are no spleen and parasite ratc records for the coastal areas of the
Delta and the Tenesserim coastal strip,

Meicorological records.—The Arakan and Tepasserim areas arc the wettest
in the couniry, recciving an annual rainfall of over 200 inches. On the Delta
{loast, however, the rainfall is less, being about 120 inches. The distribution
tollows the usual pattern of arcas affected by the south-west monsoon. The first
four months of the year are practically dry and the next five months receive over
150 inches, the rain then petering out gradually to the dry month of December,

The maximum temperature at Sandoway is 99° F. and the minimum 44° F.
whereas the relative humidity ranges between 74 and 93 per cent.  Similar
conditions probably prevail in the other parts of the Arakan area*; thus beth
‘he temperature and relative humidity are favourable for transmission throughout
the year. There are no records for the other two arcas of this region, but there is
no reason to suppose that conditions therc are far different.

Transmission season.—Referring to hospital records in Sandoway, U Tin
11936) said that, besides the dry months preceding the monsoon, October,
November and December are the most malarious months in the year. Fox {lac.
¢it.) bas said that transmission is probably perennial, though it is very much
reduced during the monsoon period. Summing up the records, Macan and Waison
.quoted hy Fox, (lec. ¢it.) have postulated as follows:—

{a} Mountain area.—A dcfinite pre-monsoon season (April-May) with
possibly some transmission during the monsoon;

by Hillock area.—A long pre-monsoon scason {February-May) with a lower
peak in the post-monsoon period till the cold weather sets in; and

ie} Coastal area.—Sporadic transmission at any period but there appears
to be a definite increase associated with the spring and autumn cquinoctal
tfides. The intensily of malaria varies from year to year and isolated
cpidemics are liable to occur.

Morbidity and mortality.—Accuraic information is available only in the report
of U Tin (1936) for Sandoway. The figures furnished by him relate to the years
1933-36. According to thesc figures, the number of cascs, hospitalized for malaria,
was never less than 20 per cent of the total indoor patients, During 1936, altogether
129 persons were admitted as in-paticnts, ol whom 141 or about 33 per cent were
for malaria,

‘;'I’hc nsipimum temperature in Ramree Tstand is definitely higher, being about 76" F. {Tvssul Joncs,
1), .
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The mortality figures are also significant,  The percentage of deaths due to
malaria, during the years 1927-36, cxceeded ten.  During 1936, which was most
probably an epidemic year, the mortality was about 70 per cent.

Anopheline vectors—Table V shows the resulis  of dissections of some
anophelines carried out in this region,

Tanrr V,

Dissection of angphelines.

; ! i

; B | g ’gf S
. : : ! = ! = ;
Species. : Author,  : Year. Plare, EHT] G o+ |3 25 §°§ 5
: i ; '_:s;é - : ndd w E'J ER
i 1 i W P A o
| H =
AL mdnivis . L Tin fl {138) ¢ Sandoway i 36 l
i ‘ ; !
0 imdrpntuy —oo i Macan and P4y Akyabarea iOTE | SR A AL
¢ Wakson : i i !
A, cannnlaris e Lalor | (1910 ' Kyaukpyu E A P8l 57
H : ! i i ! i
A, annlaris o3 Peegrade D101 | Akyab Pszs © 3 0 20 ea) o
[ : . ’ o
AL amdeicus® - lLaler DB G Kyaukpya i 380 g
. sadaitus Feegride [ (194 1 Akval T i e
. vndascns .. Macan and i (134 - Agakan f 37 I !
" Wadson : : : :
b iy pnrfensiy o . Macan Pau) - Bengal-Burma 124 5 L 0 2 1'% J 174
: i Border : :

1 will be noted that no disscctions were made cither in the coastal area of
the Delta Region or in the Tenasscrim couastal strip.

(& A minimus is probably the main vector in the montane and submontane
arcas of the region as a whole though 4. lewcosplyrus may also be suspected as a
cagrier of at least secondary importance in certain limited localitics, The bionomics
of these two species have been discussed in previous pages.

i) . annwlaris cxists all along the coastal arcas of Arakan along with
A, sundaicus and, as shown above, infections have so far been noted in the former
but not in the latter species,

A. annidaris has a very wide distribution in Burma, having been found in
targe numbers in all regions haut it appears to be a vector only on the Arakan Goast
and not elsewhcre. This Anopheles is highly zoophilous and feeds mainly on
catile.  In his night collctions, Fox (loc. ¢it.) obtained 49 specimens in houses
and 319 in cowsheds, the proportion being [ :6'5 . Rlsewhere the proportions

£ ccurding 1o wnpublished reports, o few gul infections were recorded in this species at Akyab by an
Amcrican team of workers during 195 1-53.

tOaside Barma, infections are reported rom {a) certain localities of Assamn aud Orissa in India and
¢4 Yunnan in China near the Borma bocder.



294 Malaria in Burma.

are different, varying from 1 : 6 at Toungoo 1o 1 : 50 in the Mandalay-Maymyo
foot-hills. The precipitin tests made by Senior White {1947) in India have shown
that its anthropophilic index there, is only about 1-3 per cent.  There i3, however,
evidence to show that, when cattle arc scarce or under certain other conditions
described Delow, annularis is casily diverted to man,

The resting habits of annularis deserve some mention. Unlike in India where
it is a domestic insect, antularis in Burma has beent observed to be largely an out-
door resier.  Feegrade (1930) noted adulis feeding on cattle at night in Pwinbyu
but did not find them in houses or cowsheds by day.  In the Mandalay-Maymyo
toot-hills, Fox (loc. cit.} obtained 298 adults in night collections, but not a single
specimen was found duoring the day.  Only small numbers were found by him in
houses at Tamu. Tha Gyaw (1927) has recorded that adults could be seen during
the day, resting in scrub jungle around their breeding places but not in houses.

The brecding places of annularis are tanks, ponds and burrow-pits overgrown
with certain types of aquatic vegetation. During the late rainy scason, when its
maxiroum density is reached, breeding overflows into ricefields.

How such a markedly zoophilous insect could become responsible for highly
cndemic conditions, has not been properly understood. Commenting on his work
in India, Senior White {1947) observed that, in areas where it is a vector as well
as in areas where it is not, the anthropophilic index is about the same and is so
low that it is inconceivable that the mosquito should play any part in malaria
rransmission at all.  Probably the lactors mentioned below will serve partly to
sxplain the position:—

fa) In India, Scnior White ¢ al. {1943) postulated, on the basis of relative

prevalence of larvae and adults, that the longevity of this mosquito
increases during Septembr, October and the first hall of November,
during which period the surplus population overflows into houses rather
than cowsheds, At this time, there scems to be an increased urge to
fecd on man,

:b) During the Jater part of the rainy season and in the autumn, a certain
proportion of the annularis population, usually about 20 per cent, enter
into a condition described as * gonotrophic discordance ', whereby
the mosquitoes arc fixed in houses or cowsheds as the case may be for
prolonged periods, as the ovulation period is greatly extended. Those
specimens which are fixed in houses establish greater contact with man
and are thus enabled to fecd during the short periods when the parasites
in human carriers rise in numbers (Venkat Rao, 1947).

‘There is some evidenece of increased longevity in annularis of Burma during
certain periods.  Fox (loe. ¢it.) quoted Stott as stating that, in Mandalay, adults
were more prevalent in houses during December-February although breeding took
place throughout the year, Whether annularis in the Arakan is alse dependent
on the phenomenon of gonotrophic discordance for its ability to transmit malaria,
requires investigation.

(ti) Besides the Arakan coastal arca, A. sundateus has been recorded also
irom Mingalun (Feegrade, 1933) and Pyapon (Singh, 1939), both in the southern
delta region of Lower Burma, Dr. Ohn Pe, Senior Malariologist for Burma,
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has miorned the authors that he collecied a lew specimiens i Asain village of Ye
Township, just south of Moulincin on the Tenasserim Ceast.  Apparently sundaicus
exists all along the sea coast of Burma.

The siatus of A. sundafens in the Arakan arca has recently been discussed in
some detail by the present authors (Postiglione and Venkat Rao, 1956} and,
therefore, the question will be dealt with only briefly here.  Discussing the position
of sundateus, Fox (loe. cit.) stated that, though not a vector ol regular annual impor-
tance, sundaicus is responsible for “ sharp local outbreaks in different years at
diffcrent places ”.  In the course of an examination of the malaria situation in
Ramree Istand, Tyssul Jones (loc. it.) remarked on the basis of indirect epidemiological
evidence that sundaicus is the primary vector there, and not ennuleris as previously
observed.

As no sporozoite infections have so tar been found in surdeicus in this arca,
the observations of Fox (lee. ¢it.) and Tyssul Jones {loc. ¢it.} are obviously bascd on
the notoriety of sundaicus in other regions, and cannot be regarded as having becn
proved facts for this country.  Though sundaicus 1s gener al!v a dangerous carrier
in many regions, cvidence has recently been adduaced o show that, at least in
certain localities, there are races or forms of the species which, if at all, are very
poor vectors of purely secondary importance. Taylor (1943} has said that, in
certain areas of Malaya, there was not always a direct corvelation between sundaicus
prevalence and malaria incidence and suggested that there might be two races,
one being a vector and the other not.  Some evidence was collected which showed
that this hypothesis might prove correct but, owing to the world war, the work
could not be proceeded with further, Sentor White ¢f af. (1947} have shown that,
in the Chilka Lake area of India, there are two forms of sundaicus, one breeding in
{resh and the other in saline waters and that the former was the most important
veetor there whereas the latier was praciically barmless, [t has been subsequenily
shown that the fresh and salt water forms of both India and Sumatra can be dis-
tinguished from cach other by certain morpbological differences {Venkat Rao
and Ramakrishna, 1930; Bonne-Wepster and Swellengrebel, 1953)).

There is thus nothing improbable in the presence of an innocuous form of
sundarens in Burma,  If, on the other hand, sundaicus is really a vector here, negative
dissections must have been due to pure chance. It may be noticed that dissections
here were carried out at long intervals of time and sometimes in small numbers, not
enough to show infections if the infection rate in the mesquito ts low.  The position
is still obscure and requires further, may be prolonged, investigation.

(i) 4. jeyporiensis has heen found with gland infections in only the Burma-
Bengal border of this region and appears to be a vector of some importance in that
arca, As the type form has not been distinguished from the variety, it is not possible
to determine which of the two forms is responsible for the transmission. Only
candidiensis was established as a vector in the southern tip of India (Iyengar, 1934};
clsewhere in that country, it is cither absent or is prevalent but in small numbers.
The type form constitutes the vast majority of the complex and has been repeatedly
shown to be a non-vector. Ip Indo-China too, candidiensis but not jeyporiensis is
the vector form (Toumanoff, 1936). It may, therefore, he necessary to establish
the identity of the form in this region. .
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SUMMARY.

The malaria situation, as it was known prior 10 about 1951, 15 veviewed
i the Hght of the information available, mosily in the form of unpublished
records.

Ta the Hill Tracts, comprising about 60 per cent of the extent of Burma,
maliria s hyperendemic and transmission fasts almost throughout the year but
with two peaks, the first in April-May and the second in the post-monsoon
petiod, 1the latter always being the higher.  The winter months are markedly
freatthier.

The main malaria vector is A, minimus but, in the thickly wooded prarts of the
northern hill range, lewcosphyrus is also an important vector,

The Plains Region is divided into three areas for an assessment of the malana
sination.  Malaria 18 hyperendemic in foot-hill arcas and is ncarly so in irrigated
arcas,  The unirrigated arcas are {ree [rom endemic malaria,  Periodicul epidemics
are, however, Rable to occur in the last mentioned area as well as in irrigated areas,
These epidemics are associated with both heavy and short monsoon rains. The
1.1.';1,;13?1ission scason extends from July to March, with a peak in post-monsoon
months,

Whercas . nurimus s the undoubted vector in foot-hill areas, the vector i
the other arcas has not been definitely established.  Only one gland infection
has so far been observed in A culicifacies, which is, thereflore suspected as the
culprit,

A large part of the Delta Region is gencrally malaria free. Hy perendeinic
malarta is restricted to the Pegu Hill range which, however, is sparsely populated.
Vocalized epidemics have occurred in tlus region at somcwhat irregular intervals
and they are assoclated with failure of monsoons. The mosquito Tesponsible for
the cpidemic outbreaks is not definitely located; 4. maculatus was incriminased
mnce in Insein,

The coastal region, extending from Arakan to the tip of Tenasserim, s
aencrally hyperendemic. Malaria trapsmission is probably perennial but the bulk
o it occars i the dry months, the peak heing observed in October-December.

The vecior of mountain and hillock arcas is A, minimes but, towards the
Avakan border in the north, A. jeyportensis (type form or variety, not krnown) is also
roncerned.  In Moulmein, the presence of A, leucosphyrus has recently been located
s this may also be taking part in the transmission, at Icast in that arca,

‘The main vector of the coast appears to be A, annularis. Though 1. sundaicus
is present in fair strength m the Arakan, dissections have so far failed 1o prove its
vectorial status. It now appears that this species extends into the coastal arcas of
e Delta and Tencsserim also.  Purther studies are indicated in order to prove
whether sundaicus in this region is a vector or not.

The bionomics of the various vectors have been bricfly discussed.
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SCREENING OF ANTIMALARIALS AGAINST P, GALLINACEUM
IN CHICKS.*

Part VI. Evidence of iwo-fold{ acquired resistance to chloroguine
diphosphbate in a strain of P. gallinaceum in chicks.

Y
A, P. RAY, mos.Bs., PHLD,,
G, K, SHARMA, mu.pas
AND
B G, MIBSRA, nwr, Lo

{AMalaria Institute of India, Delit.)
[ October 1, 1436,

Deverorsent of high degree of acquired resistance to anumalarial drugs
like proguanil and pyrimethamine in several specics of avian, rodent, simian and
human plasmodia has been demonstrated during experimental studies by a number
of workers (Bishop and Birkett, 1947; Williamson ¢f al., 1947; Hawking and Perry,
1948; Schmidt ef al., 1949; Adams and Seaton, 1949; Cooper ef al., 1950; Hawking
and Thurston, 1951; Jaswant Singh, Ray, Basu and Nair, 1952 and Jaswant
Singh e af., 1953:1954; Schmidt and Genther, 1953). Such high degree of
resistance to other antimalarials has not been reported so far. For example,
Knoppers {1947) was able to demonstrate only a two-fold resistance to quinine in
P, gallinaceum, whereas Bishop and Birkett (1947} and Williamson and Lourie
11947) were unable to show any such acquired resistance to mepacrine.  Similar
unsuccessfut  findings were reporicd by Bishop and McConnachie (19522) in
respect of chloroquine of the 4-aminoquinoline series.  With regard to pamaguine
of the 8-aminoguinoline series, only a slight degree of acquired resistance in
plasmodia was reported by Fulton and Yorke (1941} and Bishop and Birkett {1348).

*This work was carricd out under the scheme * Screening of antimalarial drugs * which iy financed
by the Council of Scientific and Tndusteial Research,  Parts T, T1, TIT and 1V of this series have already
apprared in Indian Fournal of Malarivlogy and Part V in Fournal of Scientific and Industrial Research.

t8ince submistion of this paper, the strain has sow { November, 1936 } developed a2 three-lold
resistunce.  Purther details will be reported in duc course.

tAppointed on ihe staff of the Screening of Antimalarial Drogs Scheme, Counil of Scientific and
Industrial Researels at the Madaria Tnstitute of Tndia,
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The present paper records the findings of the development of a two-fold
acquired resistanee 1o chloroquine diphosphate in a strain of P. gallinacenm afler
sontinuous exposure to the drug for nine months doring which perind 57 serial
passages were made.

PROCEDURE.

The studies were undertaken in laboratory-hatched  7-day old, white
Leghorn chicks infected with a strain of P, gallingceum. The dose ol inoculum
‘0.5 x10° parasitized cells per gm. of body weight), technique of inoculation
‘through the right jugular vein), method of drag administration ete. were similar
to those described earlier by Jaswant Singh, Basu and Ray {1952).

The chloroquine preparation used was avleclor {chloroquine diphosphate)
veceived through the courtesy of Messrs. Imperial Chemical Industries (India) Lid.,
and cach dosage schedule consisted of a total of seven doses,  The first dose was
administered on the zero day {day of inoculation) followed hy two doses daily for
the subsequent threc days.

On Day 4, parasites were counted against 10,000 erythrocytes {with the help
ol an Ehrlich’s eyepicce} in thin smears stained with [L.S.B. (Jawant Singh and
Bhattacharj;, 1944).

The procedure adopted was first 1o determine the smablest dose of chloroquine
diphosphate {the MLE.D.} which would reduce parasitemia in infected chicks o
approximately 25 per cent as compared to that in the untreated batch at or near
peak of infection (Class 1 effect of Shannon). Subsequently, trcatment was
cormmenced in a {resh batch of infected chicks, commencing with a dose lower than
the MLE.D. and later passaging the infection when the peak infection was attained
‘Dav 4).

As a rule, the same dosage schedule was repeated several times in succeeding
hatches, sometimes up to 12 times, before any further increasc was made. This
depended on the degree of parasitemia. If any particular schedule was effective
in reducing parasitemia to a very low level, it was repeated many times in succeeding
hatches (il there was evidence of significant rise in infection.  Along with each
weated batch, consisting usually of five to seven chicks, a similar batch of infecied
chicks was kept untreated for comparison.

OBSERVATIONS.

For determining the MLE.D). of chloroquine diphosphate, the dosage scheduics
adopred were (005, 0-0571, 0-0615, 0-066, 008, 0-088, 01, 0-114 and 0-123 mg.
per 50 gm. of the body weight, which are cquivalents vo 1/32, 1/28, 1/26, 1/24,
120, 1/18, 1/16, 1/14, and 1/13 of the MLE.D. of quinine, (1-6 mg. per 50 gm.
chick) ,respectively. It was observed that with doses of 0:05 and 905371, the
parasttemia reached beyond 60 per cent {average) of the comparison group.  With
30615 (1726 MLE.D. of quinine}, it was between 19 and 33 per cent; with 27 per
cent as the average. This was repeated several times. In all other dosage
schedules, the infection varied from 2-5 to less than one per cent, proportional to
the dosage schedules.
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In some of the higher dosage schedudes, there was complewe clearance of
parusites in some of the birds.  On the basis ol these findings, it was cstablished
ihat the M.ED. of e¢hloroquine diphosphate was 00615 mg,

The actual investigation was commenced with a dose of G-05 mg. per 50 gm.
chick, and it was repeated three fimes in succeeding passages in fresh batches of
chicks. Tn all cases, the parasicomia was fairly !ngh rangng from 70 to 80 per
vent of the comparison group.  Similar findings were noted with a dose of 0.057
ander which parasitemia ranged between 62 and 70 per cent. After six passages,
the dose was increased to 0-0615 mg. (M.E.D.) and the individual variation in
parasitamia was observed 10 be between 8 and 60 per cent. However, with a dose
of 0.08 mg., significant reduction in parasites was detectable.  This dosage was
repealed 12 times and during the last two to three passages, the parasitemia was
found to-rise up 1o about 30 per cent against 2 maxiraum of about 5 per cent in
the carly stages.

The same procedure was followed throughout 61l a dose of (:123 mg. (1/13
oift MLE.D. of gquinine) showed increased parasitzemia during the last [ew passages.
Lip (o two subseqguent passages, with ihe treatment schednle inereased to 0133 mg.
(112 MLE.DY. of quinine), the parasitemia was found 1o be of a much lower order
faverage six per cent).

At this stage, a ‘ check test” was undertaken in which both the parent strain
as well as the one exposed continuously 1o chloroguine, were used.  The same
dosage schedules were administered i both the series.  Under each sertes, an
untreated Datch was kept for comparison, so that the degree of parasitemia could
be calenlated as percentage of the comparison group.  The resuits are tabulated

it Fable 1,
Tasre L

Data s Cheek test ",

| ) l @
: i POPARENT ATRAIN, © RESSTANT SIRAIN.
 Dasage inomg. ! Blosag ewqui- : . : - s e
schedufe suinber. . per G gm. valeng of . Percentage {.lw \uf [‘t lc'l'nl.sqv {aver-
i chick. Guinine. | age) ol infertion 3 age) ol isfection
: ! toas eompared to ¢ as compared {0
i ump'msnn ZrOUP-COMPETISEN KEOu).
] SRE I 128 5.0
' ' TR ER. e 25,2 ' 62,5
il : ERITH Fi24 E 45 New venclereanken,
1
i .
PV T ’ THE? ] 0.07x : LY
v ’ (., 23 3 HE i 000 275
Vi (1 s E 12 [ Not andertaken | #.4
K | i

From Table 1, it m'Ly be noted that under Schedule I, the dcgree of
pavasitemia in beth the series was semewhal similar. .I.it}wcw.r, significant
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difference was noted in the next schedule under which the parasite count was less
than half {28-2 per cent) in respect of the parent as compared to the resistant strain
{62'5 per cent). Under schedules IV and V, the parasitemia was observed to be
extremely low (less than one per cent) in respect of the parent sirain, whereas it
was found to be 333 and 27°0 per cent, respectively, in the resistant strain.

Tn view of this, it was not considered nccessary to find the degree of para-
sitemia under Schedule VI so far as the parent strain was concerned.  But in the
resistant strain, the degree of parasitamia was found to be significantly low (six
per cent) at least during the initial stage (ap to two passages). However, further
siudies are being continued under this schedule to observe if, after several more
passages, the infection became high.

However, from the data now availabie, it is noted that the intensity of infec-
tion (282 per cent) under Schedule IT (04615 mg.) in the parent strain is about the
same (270 per cent) in respect of the sub-strain under dosage Schedule V {(-123
mgt. It s, therefore, most likely that the sub-strain of P. gallinaceum has
developed at least a two-fold resistance to chloroquine.

DISCUSSION.

Attempis to develop induced resistance to drugs of the 4-aminoquinolines
in stimian and human (P. woex, Chesson strain) plasmedia were found to be
unsuccessful (Schmidt et el., 1949 and Cooper ef af., 1950).

Morc or less similar observations were reported by earlier workess in respect
of avian malarta. Thomson {1948) was unable to develop acquired resistance to
amodiaquine or chioroquine in P, fop/ure in chicks up to sixuveth passage. The
inittal dose of amodiaguine used by the above worker was 00001 and (-0013 per
vent of the diet which, according to the data supplied, appears to be (093 and
{+12 mg. per 50 gm. chick, respectively. The same in respect of chloroquine was
002 per cent of the diet or 0172 mg. per 50 gm. chick. In the final analysis, it
was observed that no acquired resistance could be built up. However, the initial
dosage schedules would appear to be rather too high, so much so that the doses
suppressed the infection so strongly that even the maintenance of the strain was
difficult and there was always the danger of losing the strain {Thomson, 1948),

Similar attempts made by Bishop and McConnachic {19524} to develop
resistance to chloroquine in P. gallinaceun in chicks, proved ansuccesful.  The inirial
dose used by them was 0-04 mg. per 20 gm. of the chick administered daily
{equivalent to O-1 mg. per 50 gm.} . But subsequently the doses were increased
mostly to two-fold cach time (0-04, 0-08, 0:16, 0-2 and 04}, Although, up to a
dose of 008 mg., parasitemia was high, in still higher dosage the density was found
to be extremely low, so much so that the above workers considered it necessary to
pass the strain alternately through birds receiving 0-16 mg., and birds receiving
an drg.

Trom the data obtained from the preseni investigation, i would be evident
that a two-fold resistance could be bhuilt up duoring the course ol nine months after
37 serial passages.
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On the {ace of previous experiences by carlier workers, the present findings
would naturally appear to be rather surprising.  Perhaps the explanation may be
sought in the meihod of approach to the problem.

The usual procedure adepted for studies on the development of acquired
resistance 1o antimalarials in rodent, simian or human, plasmodia is to commence
rreatment with sub-eflective doses ol the drug at the initial stages. This may either
eflect deceleration or temporary clearance of parasitemia. After cessation of
treatment and when sullicient amount of the drug has been excreted, there is usually
risc In parasitemia when the strain is sub-passaged and treatment commenced.
Jnfortunately the same precedure cannot be adopted in avian infection like
P, gallinaceunt as after the acute phase the chicks usually die on aceount of develop-
ment of exo-erythrocytic forms, As such, the initial and subsequent  dosage
schedules should be so regulated that parasites are not completely knocked down
and that sufficient number should be available for growth after sub-passages.
Tiis is perhaps very cssential when dealing with drugs of the 4-aminoquinolines
which are excreted very slowly,

Puring the present investigations, this principle was adhered to strictly in
thai the initial dose administered was quite small (0005 mg. per 50 gm. chick}
so as to allow parasitic development reasonably well, the increases in the schedules
were made very slowly, and whenever there was any evidence of strong action on
the parasites under any particular schedule it was repeated many times during
suhsequent passages and thus the parasites were kept exposed to drug continuously.

It is, therefore, likely that these {aciors helped essentially in the development
of acquired resistance to chloroquine diphosphate even though it is at the moment
only two-fold.  However, he studies are continuing for evidence of further
mcrease in resistance.

SUMMARY.

A dose of 30615 mg. per 30 gm. chick {equivalent to 1726 the MLED. of
quinine) of chloroquine diphosphate was established as the minimum effective dose
against a strain of P, gallinaceum.

This strain was cxposed to chloroguine diphosphare for a period of nine
months during which period successive blood passages were made. The initial
dosage scheduie adopted was 005 ma. {equivalent to 1/32 M.E.D, of quinine).
Subsequently, the schedules were inereased gradually during sub-passages but not
until the same dose was repeated several times (three to twelve times) in fresh
batches of chicks.

A ¢ check test > at the end of 57 passages showed that, 1o the parent strain the
degree of parasitemia, with a dosage schedule of 0-0615 mg., was almost the same
in the sub-sirain as with double (he dosage (0-123 mg.), whereas under the latter
dosage schedule parasitic density was extremely low {009 per cent) when the
parent strain was cxposed to it.

This indicated that a two-fold resistance to chlorequine diphosphate has
been built up in the sub-strain,  Further investigations are in progress.
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ESTIMATION OF B.H.C. IN SCRAPINGS FROM
SPRAYED SURFACES.

By
H. L. BAM]I, rhup., atisc
(Malaria Insitinte of India, Delln.)

{Sepewmber H, 1954.1

Trennicar BH.CL is a mixwre of several isumers of hexachloro-cyclohexane,
amongst which, gamma isomer is largely responsible for insecticidal activity (Slade,
1945), 'This insecticide has been extensively used both in agriculture and public
health fields, and in order to determine its purity, adequate application, residual
deposition, metabolism cte., several methods for quantitative cstimation of B.H.C.
have been successfully worked out.  Important amongst these are, mass isoto
dilution (Trenncr et af., 1949), ultraviolet spectroscopy (Davidon and Woodward,
1949), infra-red spectroscopy (Baasch, 1947; Baasch and Smith, 1947), partition
cliromatograhy (Aepli ef al., 1948; Ramsey and Patterson, 1946), polarographic
analysis {Dragt 1948; Nakasima and Oiwa, 1950), biological assay (Furman and
Hoskins, 1948), colorimeteric (Armstrong, # al., 1951; Schechter and Hornstein,
1952), turbidimetric (Howard, 1947} and mcthods based upon total and hydro-
lysable chlorine {Goldenson and Sass, 1947; World Health Organization specifi-
cations for B.H.C., 1955; Bami, 1957). Faxtensive wse of BJH.C. as a residual
insccticide in several public health programmes in India, cmphasized the nceessity
of having a simple and direct method for the estimation of B.H.G. on sprayed
surfaces, preferably on the linc of Alessendrini test for D.D.T. {Alessendrini, 1948:
1950; Bami, 1955) which has been successfully adopied for routine work, Amongst
the analytical methods indicated above, cstimation of B.H.C. through hydrolysable
chlorine method, could serve as a simple and direct analytical procedure. This
method has now been investigated and successfully adopted for estimating B.H.C.
in scrapings, obtained {rom surfaces, sprayed with technical B.H.C. formulations.

Technical B.H.C, is stable when dry and is not affected by nitric acid or
high temperature. However, it is very sensitive 10 alkalies and, i their prescnce,
is rapidly dehydro-dchalogenated to give a mixture of isomeric trichlorobenzenes
cven at ordinary temperature,

Ca Ha Clﬁ atkali Cﬁ H:i Cld -+ 5 H CL

(B.H.C.) 7777 (trichlorobenzene) 4 (hydrochloric acid).

Amongst four major isomeric constituents of technical B.H.C., bewa isomer

is most resistant to alkali dchydrodebalogenation (Slade, 1945). On ihic other

{305 )
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hand, cxcessive alkali weannemt may further dechlorinate trichlorobenzencs fivse
formed {Linden, 1938). Goldenson and Sass (1947), while investigating de-
hydrodehalogenation of B.H.C. with atkali in acctone solution, rccommended a
period of two hoursof refluxing in order to achieve quantitative conversion of B.H.C.
into trichlorobenzencs. Simitarly, the World Health Organization Expert Gommittec
s Insecticides {1955) recommended at least an hour’s refluxing to complete the
ahove reaction. Considering that B.H.C. is as casily dchydro-dehalogenated as
DLD.T. {for whichonly 15 minutes of reaction time at room temperalture is suflicient},
this aspect was reinvestigated. Lindanc (pure gamma B.HL.(C.) and standard quality
B.H.C. were dehydro-dehalogenated with one normal alcoholic potash in acetone
medium with varying time and temperature of reaction (Bami, 1957). The
results, calculated in terms of purity of the product, are given in Table L

TasLr 1.

Dehulogenation studies.

1
Seriab Lindane g(xammu. BAL.CL Techaical
Nurnther.| Properiics feseeed. B.HLC) Per cont, r"rlmdan d prodnct)
I ! : Per cent.
i, l Gamma B.H.C. content -5 ; B3 14
! . i
2 : Technical B.H.C. content {by lotal chlorine !
’ method) P Uit 959
=N - B.H.C. content by hydrolysable chiorine :
methad !
{#) 15 minutes at reum tonperatuse ... M3 7 : 01-
i
{4} 15 minutes at boiling waivr baile ., LR LY f UL
(e} A minutes refuxing ... 99 HL]
{d} 0 minutes refluxing 1M ot : 9% 9

Tt was evident that acetone hclps in d:spcrsmn of B.H.C. in alkaline medium
and the reaction is completed in 15 minutes of heatling on a watcer-bath,  Longer
ume for reaction and higher strength of alkali were found to be unnccessary,
Acctone solutions of standard technical grade B.H.G. {World Health Organization
specifications, 1955) containing 1'0 to 10-0 mg. of insecticide, were debydro-de-
halogenated for 15 minutes with 1 N alecoholic potash. The reaction mixture was
acidified and treated with excess of 0004 N silver nitrate solution.  Its chlorine
rontent was suitably determined by Volhards method (1874; 18781 as detatled larer.,
'The results were divectly expressed in terms of amount of B.H.C. (Table IT} using

the formula given below:—

B.H-(:. in gm_ = (B‘A X‘\TX 03346\31605?8

= (B-A) XN x 09694
where A ml. of KCNS used for titrating the sample.

B ml. of KGNS used for blank determination,
N = normality of KCNS.

i

f
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fu other series, varving amowts ol BLHLOL in acetone solution were added
to mud samples (03 g, each) and (he solvent evaporated.  These mud samples,
having known amounts of B.H.C. sorbed in them, were extracted by shaking with
acctone and decanting. This acetone cxtract {ncarly 20 ml) was dehydro-de-
halogenated with alcoholic potash in the manner described,  'The results of recovery
of B.H.C. by this technique arc also given in Table 11, and it is evident that almost
quantitative recovery of B.H.C. can be affected, although experimental variations
are more significant for the lower dosage as indicaied by coeflicient of variation
pcreentage, It was also obseived that normal inorganic chloride impurities in
mud had almost negligible effect on the final results, but in the case of muds known
10 have a high inorganic chloride content, it would be advisable to run the blank
with an unircated sample of such mud. A suitable portion of the sprayed surface
could therefore be scraped; the scraped material extracted with acetone and its
B.H.C. content ¢stimated by hydrolysable chlorine method as deseribed later,

Tasre 1I.

Analysis of techwical BH.C. in wallseraping by hydrolysable chlorine mnethod,

: B.H.C. estimated® in mud samples having given é(looﬂ'tcit:nl of
HALC. taken BI.C. quantity of B.H.C. sorbed in them. ! variation
for sorbec | wthaaled  |——— 0 , we— {Per cent}.
in mud). ! directly. 1 13 § 11 1Y :
- 0 mg. : 10 my. 1 mg. EH 1+t ma, i L6 my. i AU 85
s L, L 20, S R 1 O B SRR N I jl 83
B S N S 30, 28, | B0, 3E . :i 47
R T TR e, | a9, s, 1 2.2
O 50 [ T S S 25
[YAX T iy, G, I 5, |l [V L. E 13 - 15
Y, 70, 0, 65 L, 060 L, L Il 32
8Q 31, i.no, 79 e . a0, I°}
Y BV BN ST SR T N T A O
T O X N B I S S o7 [ 0 17

The arca to be scraped for estimation of B.H.C. content was fixed at
3 x 5 cm. due o ease of handling, familiarity of the staff’ with this technique in
connection with D.D.T. scraping {Alessendrini, [948:1950 ; Bami, 1955) and
variations in the cwrrent B.H.C. dosage schedules which would be effectively covered
by this technique.

As in the case of D.D.T., about 0°53 gm. of the scraped material was most
convenient for extraction. The cxtraction itsclf should be done with acetone
C.D. {(at lcast the acetone should be dry and colourless as far as possible), and after
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cach treatment with acclone, reasousable care should be exercised 1o avoid the
mud being transferred along with the cxtract.  Alcoholic potash solution should
not be coloured. For this purpose, it could be made freshly every time or if need be,
ihe alcohol {(methano] or ethanol) be distilled over alkali (Bami, 1957) prior to its
use. During reaction with alcoholic potash, there will be some reduction in volume
due to evaporation of solvents, which is considered desirable, because it would aid
ih getdng a sharper end point during the final titration. However, care shoutd be
waken that the solvent did not dry up completely. Treatment with excess of silver
nitrate and digestion of the sitver chloride precipitate on water-bath {or 13 minutes,
was also quite sufficient {Barni, 1957), The digested solution can be directly
titrated with standard potassium thiocyanate (nearly 0-0IN), uvsing one ml of
10 per cent ferric alum as indicator.  Appearance of pale orange colour, which
can be best seen against white background, would indicate the end point of the
titration,  The sensitivity of the end point, is improved by keeping the volume of
the final titration solution as small as practicable.  The blank determination
can be done with pure acetone or the extract of an untreated sample of mud hut
nosmally there is practically little difference in these two values, and a direct blank
s quite adequate, within the accuracy of the method.

The amount of BH.C. cstimated in 25 sq. em. of the sample, may be
multiplicd by 36 in order to get mg. of B.H.C. per sq. ft. while its multiplication
with 5 {assuming a gamma isomer content of 13 - 14 per cent) would directly offer
gamma B.H.C. concentration on sprayed surfaces,  In actual practice, in order to
avold individual calculations for each sample, the normality of KCNS can be so
adjusted that valuc of {B-A} in ml. would dircetly correspond to mg. of B.H.C,
s the sample.  With the present formula, potassium thiocyanate sclution with a
normality of -0103 would permit value of (B-A4) being directly read as mg. of
B.H.C, in the sample.  This has been found to be very convenient and a standard
K.CNS solution of a higher concentration can be dircctly diluted to this strength,
The normality of KGNS can be standardized by Volhard’s method, using sodium
chioride AR, {Bami, 1957} or by any other convenient technique. The labora-
rries, undertaking testing of chlorinated hydrocarbon Lype of mnsecticides, can
conveniemly dilute the standard reagents like silver nitrate and KGNS for the
present determination,

LEIMITATIONS,

The accuracy of this inethod is primarily dependent upon the accepied
variable bmits of hydrolysable ¢hlorine for technical B.H.C. (World Health
Ogramizaiion specifications, 1955) which cover the range of 97.4 to 103.8 per cent
ourity,  Cloupled with this, are the factors like slower rate of dehydro-dehalogena-
tion of heta isommer of BH.C., cliforide contamination of the acctone extract
and accuracy of the end point determination with weak solutions, From the results
in Table I, and the considerations listed above, it is evident that a variation of up to

=10 per cent in the final results, can be reasonably expected.  However, for the

mtended purpose, this variation has no appreciable effect on the conclusions fo
be drawn,  Some of the other aspects like number of samples to be analysed and
mierpretation of the results, have already been discussed in connection withDJDT.
scraping analysis {Bami, 1955) and are applicable to the present method also.
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This method s only applicable 1o technical B.HLC. formulations, when
uscd atone. B.H,C. formulations having gamma B.H.C. {Lindane} as the active
ingredient, cannot be estimated by this technique as it is not sensitive enough for
the purpose. The present technique could effectively estimate 18 mg. (2°0 mg.
gamma B.HLCL) w nearly 684 mg. {95 mg. gamma B.H.G.) of technical B.H.C.
per square foot of the sprayed arvea, which would cffectively cover the variations
in the dosage sprayed and also serve to detect any chemical detertoration of B.H.C,
with time,

REAGENTS AND APPARATUS.

1. Alcohwlic potusstum  lydroxide I normal.—Potassium hydroxide {56 gm.)
was dissolved in mipimum of water (about 30 mil.} and diluted with c¢thanol to a
volume of onc Jitre.  {The reagent should be colourless or only lightly coloured.
Ethanol can be replaced by pure methanol without any loss of accuracy),

2. Silver nitrate 0-04 normal.—Dissolve silver nitrate (6-8 gm.) in distilled
water and make up the volume to a litre in a dark container,

3. WNitric acid I normal.—-Nitric actd (specific gravity 1-42; 65 ml} was diluted
with distiticd water to a volume of onc litre.

4. Potassivm  thiocyanate 0-0103 normal—Dissolve potassium thiocyanate
AR, {94 gm.) in disiilled water and make it up to a volume of one litre. This
reagent is approximatcly 01 N and should be standardised by any of the conven-
tional method such as described by Bami (1957). Having known the exact
normality of the concenirated solution, it is diluted to the required strength with
distilled water. Volume of strong KCONS solution in ml. which should be diluted
10 1,000 ml in order to get the final normality of 0-0103.

10-3
*"aormality of KCNS
{Owing to deliquescent nature of KCNS, exact weighing is not possible).
5. Ferric ammonium sulphate—Ten per cent agqueous solution.
G.  Sedium chloride A.R.
7. Acetone C.P. (colonrless solvent grade would also be suitable).
8.  Volumeiric flasks (100 ml. and 1000 ml.}.
0. Pipettes graduated {5 ml. and 10 ml).
10, Conical flasks (100 mi. capacily).
1.  Test-lubes 6 tnch x§ inch in wooden racks.
12.  Buretie 50 mi. (with stand).
13, Water-bath (st least 12 x 12 inches).
Vi, Balence analytical with weight hox.
15, Laboraiory glassware and hardware like, beakers, walch-glass, funnels, ete,

PROCEDURE FOR TESTING OF B.H.C. IN SCRAPINGS.

1. Serap thoroughly only 25 sq. em. (5x5 cm.) of the sprayed surface
with a penknife and collect about 0-5 gm. of the scraping.
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2. 'Fransfer the material to a rest-tube and add accione {5 mbL) toit.  Shake

well and allow the material to settle for 1 - 2 minutes. Decant the clear cxtract
to a oo ml. conical flask.

3. Acetone éxtraction, as above, is repeated three times more, and about
20 mb. of the extract is thus obtained.

4. Add alcoholic potash {2-5 ml.} and keep the flask on a hot water-bath
for 13 minutes,

5. Cool the contents and add dilute pitric acid (5 ml.} followed by silver
pitrase solution (4 ml.}.

6. Digest the precipitate on a boiling water-bath for 15 minutes with
sccasional shaking,

7. Add ferric ammonium sulphate solution (1 ml.} after cooling and titrate
ihe solution against 0-0103 normal potassium thiocyanate. The end point is

appearance of pale orange colour which does not fade away. (This gives value
of 4 in ml. of KCNS used).

8. Take blank mud sample (0-5 mg.) and proceed as above or take
acetone {20 ml) in a 100 mi. conical flask and proceed from step 4 to 7 as above.
{This gives value of B in ml. of KCNS}.

9. {B-A) gives mg. of B.H.C. present in the sample which can be multiplied
by 36 to get mg. of B.H.C. per sq. foot of the sprayed surface {when technical
B.H.C. with 13 - 14 per cent gamma isomer content has been used, the result may
he multiplied by 5 to give mg, of gamma B.H.C. per sq. fu. of the sprayed surface).

Samples in batches of about ten, can be conveniently and efficiently handled
simultaneously by this method, and for a given set of samples from the same locality
a single blank is sufficient, The relevant data regarding each sample should
indicate locality of sampling, type of wall surface, formulation and dosage applied,
date of application and date of collection of the sample.

SUMMARY.

Dehydro-dehalogenation of technical B.H.CG. bhas been used as a basis for
evelving a simplified technique of B.H.C. estimation in scrapings collected from
sprayed surfaces. According to this method, a sample representing 25sq. cm, area,
is extracted with acetone and the solvent extract employed for dehydro-dehalogena-
tion with alcoholic potash. B.I.C. content was directly calculated from the
amount ol chlorine liberated which was estimated by Volhard’s method. This
niethod has a normal minimum aceuracy of 10 per cent and would <over a runge
of 18 mg, (25 mg, gamma B.H.C.) to nearly 684 mg. {95 mg. of gamma B.H.C.}
of technical B.H.Q. The method is not sensitive enough for pure gamma B.H.C,
formulations.
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OBSERVATIONS ON A NATURAL {CRYPTIC) INFECTION OF
TRYPANOSOMES IN SPARROWS (PASSER
DOMESTICUS LINNAEUS).

Part HI. Morphology of the developmental forms in C. fatigans,
BY
. Po RAMAKRISHNAN,
A, DAVID,
AN
G P. NAIR.

{Malaria Institute of India, Delbi.’

Jaswant Sivon, Ramakrishnan and David (1950) and David and Nair
{1955) recorded the finding of trypanosomes in the salivary glands of laboratory
bred €, fafigans fed on sparrows naturally infected with P. peficium. A striking
peculiarity of this specics of trypanosome is that it is not patent in the blood of the
avian hosts but the developmental forms could be casily traced in (. fatigans when
fed on birds known to be previously infected naturally or actificially, Rats, monkeys
and vartous species of birds were found susceptible to this parasite. Sites of
infection due to this trypancsome, both in birds and mosquitoes {C. fatigans),
were experimentally stodied by Nair and David (1956}, In this paper, the
morphology of the developmental forms, as found in €. fatigans, 1s bricfly described.

MATERIALS AND METHODS.

In attempts at experimental transmission and determination of the sites of
infection in birds and mosquitoes (Nair and David, 1956}, a large number of
laboratory hred €. fatigans were fed on heavily infected birds, chiefly sparrows
and nightingales. Thesc mosquitoes were dissected in batches at  periodical
intervals, the first batch four hours and the last onc 72 hours after their blood feed.
The sites in the mosquitocs where the developmental forms of the flagellate were
found, were recorded. At the same time, the different stages of developmental forms

{ 313 )
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seen, interval taken for these forms to appear after the blood feed of the mosquitoes
and their morphology, were studied. J.5.B. stain {Jaswant Singh Bhattacharji,
1944) was used throughout for staining the parasites.

MORPHOLOGY OF THE DEVELOPMENTAL FORMS OBSFRVED
IN MOSQUITOES.

Smears made from the stomach contents 4 to 12 hours after the inlective feed,
showed on one occasion only a structure resembling a crithidial form of the parasite
with very coarse granules scattered in the cytoplasm (Plate VI, Fig. 20).

The forms found in the stained preparations of the stomach contents {parnally
digested hlood), 28 to 36 bours after the blood feed, are shown in Plate V1, Fig. 21
and Plate X, Fig. 48 to 51. These were the longest of the diffcrent forms found
in the mosquitoes and appeared to represent the adult forms. They were thin and
elongated in shape. The nucleus and the kinctoplast in majority of the forms,
were located in the middle third of the parasite. The free flagellum varied from
short to medium length. Coarse granules, scattered over the cytoplasm, were
present,

In the smears made between 48 and 60 hours, leishmania (Plate VII, Fig.
23a to 23¢) and crithidial (Plate VII, Fig. 33¢, 335) forms were made out.

In some dissections, made 10 days after the infective feed, midgut showed
long adult forms (Plate VI1g, Fig. 24 and 258), elongated crithidial forms resembling
almost the adult ones {Plate VIIa, Fig. 254 and 26), dividing forms (Plate VII,
Fig. 292 and 294) and leishmania forms (Plate VII, Fig. 27a, 275, 284, 28b
and 28¢).

Hindgut in some mosquitoes, when dissected between fourth and nineteenth
day of blood feed, appeared almost packed with the developmental forms of the
parasite. Camera lucida drawing of its general appearance is shown in Plate
1X, Fig. 47. A gentle pressure on the coverslip, over the packed gut, would force
out the individual forms and scatter them widely. From these, developing
leptomonads (Plate VI, Fig. 11; Plate VII, Fig, 31a and 315; Plate X1, Fig. 53
to 56), and crithidial (Plate VII, Fig. 3i¢, 324 and 324; Piate XI, Fig. 52) forms
could mostly be made out.

In the rectal papille, four days after the feed, structures, similar to the
developing leptomonad forms, were observed (Plate VII, Fig. 30a to 30d).

Infection in foregut was always in the form of culsters (Plate VI, Fig. 18).
These were tightly packed and appeared as though the whole lumen was blocked.
(n pressure, they got scattered and with high dry lens, leptomonad {Plate VI, Fig.
17 and Plate VIIL, Fig, 45), crithidial (Plate VI, Fig. 8, 106 and 13), dividing (Plate
VITI, Fig. 43, 44 and 46} and adult stages could be made out. Very great plemor-

hism was observed among the adult ones, and consisted mainly of small slender
Plate VI, Fig. 4, 9z to 9f, 104, 10¢, 13; Plate VIII, Fig. 40 and 41), medium (Plate
ITI, Fig. 39 and 42) and long (Plate VIII, Fig. 38) forms. Dissections made 5 to
32 days afier the infective feed, revealed all these stages in the foregut and no correla-
tion whatsoever could be noted between the appearance of any particular stage
of the parasite and the day of dissection of the mosquite.
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Infection in the salivary glands was also in the {ormi of culsters (Plate Via,
Fig. 19). Breaking up of the culsters, with gentle pressure on the coverslip, revealed
erithidial {Plate VI, Fig. 2 and 6a), dividing (Plate VI, Fig, 5 and 66} and adult forms,
The latter constituted mostly of the slender shaped variety {Plate VI, Fig. 1, 3, 7,
15 and 16), as previously described by Jaswant Singh, Ramakrishnan and David
(1950) but a few were also of the medium sized type (Plate VI, Fig. 14). In some
cases, crithidial and dividing forms were present even after 30 days, but in a few
instances, adult forms appeared as carly as eight to ten days.

The nucleus in the slender and medium sized adult, irrespective of the site of
infection, appeared towards the posterior third, close to kinetoplast and was in-
variably thick and somewhat elongated. In all adults, one to two folds of
undulating membranes could be made out. In the slender forms, the flagellum
was comparatively long, but was short in the medium and long varietics, Coarse
granules appeared in large numbers in the long type, whereas they were practically
ahsent in the slender forms and only a few in the mediuvm sized ones.

DISCUSSION,

From the gencral studies made regarding the morphology of the differcent
torms found in different sites in the digestive tract of the mosquitoes and
also in the salivary glands, the probable cycle of the parasite in the
mosquito  appears to be as follows. Presumably adult forms are taken up
by the mosquito, and would seem to remain in the midgut without appreciable
change for a period of 24 to 48 hours. Thereafter they undergo multiplication,
during which period they go through the stages of leishmania, leptomonad,
crithidial and dividing forms. From the midgut, these developmental
forms pass on to the hindgut on occasions. From these sites, the developmental
forms migrate to foregut. In this site, the final stage of development occurs and
metacyclic forms are seen. As mosquitoes are probably not the suitable
intermediate hosts, only a few parasites develop into these final stages. These as
well as other stages, due to the same cause, adhere to each other by the flagellar
end of the body, and thus agglutinated clusters are formed. Some of these forms,
on occasions, succeed in reaching the salivary gland and there also a phenomenon
of agglutination occurs. The metacyclic forms in the clusters, resemble the small
stender adult forms.

SUMMARY.

Morphology of the developmental forms of the trypanosomes {that exist as
a natural cryptic infection in sparrows) seen in C. fatigans, is given and the
probable life cycle of the parasite in this mosquito discussed.
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FILARIASTS IN TRAVANCORE-GOCHIN STATE,*
1. Shertallai Taluk.
By

Livvr.-Coroner JASWANT SENGHL, m.n, ch.eEdin.), peon{Eng.),
n. M. & w{London), r.NL,

A. K. KRISHNASWAMI, sm.B.B.s.

AND
N. G. 5. RAGHAVAN, B.A,, s,

{Malatia Institute of India, Delfi}
[ Ocweber Wy, 156, }

SuerTALLAT TALUK in Travancore-Cochin Stale, is located on the west coasi
of the southern end of Peninsular India. This taluk consists of two arcas:
{1} a coastal strip located between the Arabian Sea and the Vembanad Lake,
continuous with the mainland on the southern side, and (i) Pallipauram Island
m the Vembanad Lake, to the north-cast of the coastal strip. The entire taluk is
notorious for its high filarial endemicity. The area of the taluk is about 124 sq.
miles, and the population, according to the last census, is 2,54,774. The taluk has
heen divided for administrative and revenue purposes into a number of divisions
calied ““ Pakuthies ”, with Shertallai Town as its headguarters (Map I).

The entire taluk consists mainly of rural arcas and there is no clear cut
demarcation between one village and another,  The houses are scattered, cach
having its own compound wall made ol plaited coconut leaves, The dwellings in
most places remain separated from one another by 50 to 100 yards, except in some
bazaar areas on the readside andin Shertallai Town where semi-urban conditions
prevail.

The whole taluk is sandy and abounds in extensive, dense coconut plantations,
which form the chief source of income to the residents.  No part of the coconut
tree is wasted—the different parts being utilized as timber, thatching, fencing, fuel,
matting cte., oil and edible {ats arc cxtracted from ihe kernel of the nut, while
the fibres are utilized for making coir. Coir manufacture is one of the chief cottage
industries in the taluk,

* This survey was carried out a1 the request of the Government of Travaneore-Cochin State.
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There are a number of ponds——at least one, often more in cach compound- -
utilized mainly {or watering the coconut plants and for retting the fibres, The
coconut husk is kept soaked in the ponds for 4-6 months, when the soft parts rot
and soften. The fibres are then separated by beating up the rotten husks with
wooden clubs.  During the process of such soakage, the organic content of the
water goes up very high. This factor, together with the presence of pistia plants,
makes conditions 1deal for the profusc hreeding of Mansonoides sp., the vectors of
W, malayt infection,

WATER SUPPLY AND DRAINAGE,

Sub-sotl water level s high and is within a few feet below ground level.
People in Sheriallai depend on the numerous ponds for their water supply, both
for watering the plantations and for domestic usc. A majority of the ponds are
overgrown with vegetation. There are few wells in the larger villages and in the
serni-urbanised arcas of Shertallai. There is no drainage, the waste water being
Jed off either to the plantations or allowed to soak in the sandy soil.

METEOROLOGLCAL CONDITIONS,

Like other parts of the West Coast, Shertallai has a damp, humid climate,
The temperature remains between 70° and 90°F, and the humidity rarely falls
below 60 per cent. The rainfall is heavy, the average being morce than 100 inches,
The monsoon sets in sometime towards the later part of May and continues
tll August-September. Intermittent showers, however, continue to occur till
mid-November.

PREVIOUS SURVEYS,

Iyengar {1938) surveyed Shertaliai and recorded a high incidence of filariasis,
with endemicity rates ranging (rom 312 to 65-2 per cent in the different pakuthies.
The average infection rate was 29 per cent and cxclusively due to W, malayi
infection (Table 1). W. bancroftt was conspicuous by its absence in the taluk,

PRESENY WORK,

A detailed filariasis survey of Shertallai Taluk was carried oul during the
period March-May, 1955, Night surveys and entomological investigalions were
carried out with a view to elicit all details regarding the epidemiology of filariasis
locally prevalent. The survey covered all the pakutkies of the taluk, examining
random, representative samples, covering all age groups and both sexes by a
house-to-house visit in selected parts of different villages between 8 p.m. and
midnight.

Eight thousand four hundred and sixty-three persons, covering 3-3 per cent
of the population, were examined during the survey for filanial infection and disease.
External manifestations of filarial discase were met with among 2,011 persons,
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Tabrr 1.

Filayiasis survey of Shertallai Taluk {Travancore State); I[yengar (1938).
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while 1,766 persons showed microfilariz in their night blood. The discase rate
recorded is likely to be slightly higher than the actual figure as the sample was,
to some cxlent, biassed by a number of over-anxious people with ciephantoid
swellings coming forward for being cxamincd.  These people had to be included in
the routine survey in the interest of maintaining good public refations.

‘The parasite rates in the different parts varied from 9-4 t0 33-2 per cent.  No
part of the taluk was free from filariasis, The average microfilaria rate for the taluk
was 20-8 per cent. The discase and infection rates in the different pakuthies of
Shertallai arc presented in Table TI.

An analysis of the discase and infection rates in the different age groups
are given in Table TIT and Graph 1.
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Filartasis survey of Shertallai Taluk,
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From Table 1T and Graph 1, it will e noted that no age group i3 cxempt
from filarial disease. The discase rate in the fowest age group {1 -5 years) is
27 per cent., and shows a gradual steady rise with advancing years, reaching 43+4
per cent in the age group above 50 years.  The microfilarial infection rate, {rom
135 per cent in the youngest age group, reaches 235 per cent in the adults (21 - 30
vears) and then shows a slight decline, remaining steady at about 20 per cent in
the adults.

The youngest age, at which microfilaria was detected, was in a girl one year
old I Vayalar West pekuthi, Tlephanioid swelling of Doth legs was recorded in
i boy three years old in Thuravoor North,

The microfilaria rate is Jow among (he persons with mmanifestations of flarial
discase, in comparison with that among the apparcntly normal persons.  During
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Tasre IIL
Disease and microfilaria rates in the different age groups in Shertallai.

:Num!kfr of 1 Number | Number | Number | Diseasc :' Infi:c.tion
Age groujh . persons | with  [with micro- with | rate rate
1|::x«'1mtned.i isease, filasia. both, . percent.  perecnt
o \L“; .y _-q]s;-'--;_e“ e PR _»_I.:;_js_,_
Gl S T 262 § ¢ 55 . 220
TR b o17e | 17 197 2 . s | 224
ST LT 519 165 B 0 22 23-5
Biedtr Donzes |4 250 8 . 320 | 197
1A B ; ME 82 16 1 384 203
Ahove 53 years L '| s 1] B i 16 28 1' 45 % 13-4
Towal .. . 8403 ! 22“7'_”._; 1,740 : 157 ' 238 0 2009
5o Grary 1,
SHERTALLAI

Filarial disease and picrefilaria rates in different Age-groups.
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the present sarvey of 6,452 apparently normal persons, 249 per cent or 1,609
persons had microfilaria in their night blood; while only 7'8 per cent or 157 of
2,011 persons with discase, were posttive among those with disease manifestations.
The question whether the lowering of the microfilaria rate in persons, with disease,
is a result of any possible immunity mechanism, has been discussed in general by
Ivengar (1938).

The average infestation ranged from 202 to 495 microfifarize per 20 c.mm.
inn the different pokuthies, the average for the taluk being 33-7 microfilarie per
20 c.mm. of blood. There appears to be a positive correlation between the micro-
filaria rates and microfilarial infestation rates in the diffcrent pakuthies of Shertallai
{Graph 2).

Grarn 2.

SHERTALLAL
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Iyengar (1938) rccorded a prevalence ol exclusively W, malayi infection
throughout the taluk. TIn the present survey, however, sixteen cases of W, banerofti
were also recorded from Shertallai Town, seven of them in association with
. malayi infection. Tt is interesting to note that with the advancing urbanisation,
IV, bancrofti has started cstablishing itself in this town, Xt would be worthwhile
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instituting periodic surveys in this wown o watch the progress of W, bancrofti
infection with the advance of urban conditions.

Of the 8,463 persons cxamined in Shertaltai, 2,011 showed visible external
signs of filarial disease andfor gave a history of acute attacks of filarial fever.
An analysis of the types of filarial disease processes, is as follows:—

lifephantiasis of one ot both legs . 1,298 persons
e ' ’s vs hands 44 pcrsons
" " » ” legs and hands 42,

Filarial scrotum |3 R

Fever and lymphangitis 316,

The rarity of genital lesions in 1. malayi cages was in accordance with the
observations recorded by Iyengar {1938} and Raghavan and Krishoan (1949).
These authors, however, had recorded that persons with genita! lesions in WL
malayi areas were imporied cases from W. bancrofti areas. In the persem obscrva-
tons, however, two of the five persons, with genital lesions, confirmed having
always lived in Shertallai Taluk all along.

ENTOMOLOGICAL OBSERVATIONS.
The following species of mosquitoes were collected from Shertaltai Taluk:—-

0. jatigans, C. vishnut, C. gelidus, C. sitiens, Lutzia fuscanus, M. annalifera, M.
nogformis, M. indiana, Armegeres obturbans, A. subpictus, A. jamesi, 1. vagus and
AL barbirosivis.

Specimens of all the above species were dissected but developing filarial
forms were found only in M. annulifera and M. uniformis. The details of dissection
are given below -

Species. Numbey dissccted. I Numiser positive. f Perceniage positive,
M. annulifera 1,830 | 92 5o
i H
M nnifoemis fi2 E I : 1-64

I'he important vector of W. malayi in Shertalar Taluk was M. awnulifera;
M. wniformis playing a secondary role.  The favourite breeding places of the vectors
were the ponds with Pisiia strattofes and cspecially those where the coconut husks
were allowed to rot,

Manual removal of Pistza has been in force, as a method of control of It
malayi, in some parts of this taluk for nearly 20 years. A comparison of the filarial
endemicity in the various parts of the taluk, as determined by Iyengar (1938) and
the present survey, is sct out in Table IV,  Except in the Pekuthes of Arukutti and
Thannirmukbham North, this index would be noted to have remained unchanged.
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Tasus IV,

Iudices af flarial endemicity of different pakuthies in Shertailas Taluk in
1938 and 1955.
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INCREASED CITRIC ACHD CONTENT IN RESISTANT
CUTLIEY FATIGANS.

ny
P. K. DIKSHTT,#
B. N. MOHAN{
AND
Joth JORHIL *
INTRODUCGTION.

Maxy workers have actempred to explaim the complex mechanism of resistance
10 13.D.T. in inscets,  T1 has been found that resistant houseflies are able to con-
vert DDUT. to DD —a reladively nos-toxic derivative {Perry and Hoskins,
1950:1951; Lindquist ef af., 1951; Flewcher, 1952). The detoxifying enzyme has
also been isolated from resistamt flies (Sternburg, Vinson and Kearns, 1953).
‘This theory, however, fails to explain how and why after partial detoxification of
DT, in viee, the remaining anchanged DT, which will Lill susceptible flies,
does not exert its lethal action on resistant flies (Percy and Hosking, 1950:1951;
Winteringham, Loveday and Harrison, 1951; Fletcher, 1952}, The unchanged
D.1LT, is found scattered in various tissues of the resistant flies {Hoskins, 1952).

Fultmer and Hoskins (1951) have found that exposure to DLDUTL causes much
greater increase in the vate of vespiration in susceptible flies than in  resistant
individuals.  There is also some cvidence 1o show that D.D.T. inhibits the
respiratory enzyme cytochrome oxidase, ‘The resistant flies contain more of this
enzyme and thus are able 10 withstand a parial blocking of this vital metabolic
pathway, This observation clearly suggests the imporiant rile played by oxidation-
reduction reactions in DLILT. resistance, possibly as envisaged by Sacktor {1950)
through its Hink with the D.D.T, converting enzymatic mechanism.

The ohservations recorded above and most of the knowledge on resistance
is based on studies on housefies (Musca domestica LY. The present commurication
attempts to point ont certain biochemical changes that accur in D.D.To-resistant
siratn of Culex fatigans.

* Nuarition Research Lalboratoies, Coonoor,
+ Malaria Tnstitste of Tndia, Southern fadiz Dranch, Coonoor,

- 427 }
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MATERIALS AND METHODS.

A briel résumé of some of the salient points about D.D.T.-resistant strains
of €. Jatigans has already been reported by one of the authors (Mohan, 1935).
The high level resistance, exhibited by the adults, was also shown by the larve
which were at no time subjecled to the action of D.IDVT.; the adulis only were
exposed to DIDLT. at cach successive gencration.  The concentration of DLDUE.
which caused 100 per cent mortality wamong larva: ol the normal strain, was found
t0 have Gttle or no cffect on larve of the resistant strain of the same age, under
identical conditions,

In these experiments, resistant insects were of the fifticth and filiy-second
generation. Usually 30 specimens cach of adults, pupa and lavvae of both the strains,
were used for the determination of citric acid.  The glucose-led adults were killed
with chloroform and pupx and larvic in warm water at about 50° G, The samples
were then dried in air oven at 70°C. for two (o three hours. ¥t has been shown by
Dikshit, Joshi and Patwardhan {1956) thal such heating did not affect the citric
acid content but on the other hand facilitated its complete extraction in the
subsequent treatment.  Citric acid content in the dried samples of adults, pupe
and larva, was determined by the method of Ettinger, Goldbaum and Smith {1952}
cmploying N-Heptane as the solvent. The results are expressed on individual
basis.

RESULTS.

The results of citric acid content of individual samples of adualts, pupa and
Larvae of resistant and nen-resistant sirains of G, fatigans, arc sct oul in Table I Tt
would be seen that the resistant straing contained appreciably greater wmounts of

Tavin 1,
Lalrie actd conltend in different stages of resistant and non-resistant strains ¢f Culex

fatigans.
RESISTANT, ' NON-BRESISTANT, H
- R e ——————— i H
= ! | ! N
% s i it 2 2l B e iy ;
2aEl % .l Citrie acid l -k o Giric acid | !
. . e — b A Do ps 1 E GG D et e W [P, X
B, 2s8ls E 8{ comlend per | 8K g8 N8 20| content per 8T i #
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citric acid thas therr susceptible coumerparts. This is evident not only in adults
Dut also in pupa and larvee,  Tn the adults, pupx and larve of the resistant strain,
the average content of citric acid per specimen was respectively 45, 26 and 52 per
cent more than at the corresponding stages in the non-resistant strain.  FEven the
cpgs of resistant strains were Jound to possess a slightly higher amount of citric
aid than those of the susceptible strain, These results on eggs are not included
in the Table because of the small pumber of observations.

Thus at cvery stage of mosquito development, one notices that the citrie
acid content was appreciably higher in the resistant striin. It should, however,
he mentioned that in the larvee and adulis there was considerable variation both in
the resistant and susceptible straing, Tt is imteresting to note that in spite of this
variation, the samples of the resistant sirain contained consistently more citric acid
than the corresponding samples of the susceptible strain. In pup, the variation
from sample to sampie was vruch less. Tven here one flinds that all the batches of
pupa from resistant strain contiined relalively greater amounts of citric acid than
those from non-resistant strain. It is inconceivable that coincidence could play
any réle in the higher trend observed on the diflerent batches of larva, pupe and
addulis.

DISCUSSION.

A few auempis o investigate this problem of resistance {rom a biochemical
aspecs, have been on record. The present communicationhas given some additional
svidence in favour of considering the problem from this standpoint.

The phenomenon of resistance could be closely associated with the aceeler-
ation of ceriain metabolic reactions. The finding that resistant flies contain greater
amounis of eytochrome oxidase, lend support to this hypothesis, The authors felt
that il the respiratory enzymes could show an increase, the possibility of energy
furnishing reactions being also increased in the resistant groups, would have to be
consiclered.

The role of tricarboxylic acid cycle, as the prime cnergy furnishing process,
has been well known for over a decade. The acceleration of the energy furnishing
reactions wonld naturally result in the increased formation and probably accumu-
lation of eertain intermediate metabolites,  Once such compound is citric acid,
which forms from the condensation of pyruvate and oxaloacetate under the
influence of specific enzymes. Citrate estimations were, therefore, carried out with
a view to determining, if any changes occurred in mosquitoes resistant to DUD.T.

As the resulis elearly show, there was an inerease in citrate in the various
stages of mosquito development in ondy the DL T -resistant sirain. - Any explan-
ation advanced at this juncture to connect the observed increase in citrate with the
phenomenon of acouired resistance, would be in the realm of speculation.  The
guestion whether imerease i citric acid per se had anything to do with the
phenomenon of resistance, 1s worth studying.

SUMMARY.

An investigation concerning biochemial changes in resistant Culex Jfatigans
in different stages was undertaken,  There was an increase in ihe citrale confent
ol vegistant strain,
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MALARIA IN NORTH-EAST FRONTIER AGENCY (INDLL\)I.
By
B. . MISRA.
vMalartg Tstitute of  India, Delbi.
F Oueotar 2, 1956, 1

THr Nornb-Last Fronuer Agency, as the name implics, is on the north-castern
part ol India, bordering Burma, Tibet and Bhutan. Natarally it has its own
strategic and political importance.  The Government of India have taken all
possible measures o ensure not only the security and integrity of this part of the
cauntry, but also the social and economic development of the tribal people.

Mularia control in the North-East Frontier Agency was started on a small
scate in 1952 but no detailed epidemiological or cntomological surveys were ever
nadertaken.  Since its recent participation in the National Malana Conirol
Programme, inangurated in April, 19533 (Jawsant Singh, 1953}, it was considered
necessary to carry out a thorough malaria survey in the agencies belore instituting
sroper contrel measures under the programrue.  The survey aimed at elucidating
the extent and distribution of malaria and at incriminating the vector or vectors
responsibic for the (ransmission of the discase.  This paper records the observations
made during the survey which lusted lor about six weeks (November 28, 1955
w January 14, 1956).

AREA AND TOPOGRAPHY.

The North-East Frontier Agency is a hilly tract and covers an arca of 34,000
square miles. Tt is situated between 25°307-29°30) north and 91°38°-97°30 east.
The highest altitude is over 17,000 feet above sea level which, in the submontanc
region, 15 somewhat less than 1,600 feet,  The general sfope of the Jand is from
north to south.

"Tibet lies to the north and Assam to the south of the Agency, while Bhutan
andd Burma form its western and casiern boundaries respectively,  The arca is
Jensely wooded and s traversed by a number of small rivers, hill-streams
and streamlets all of which are the tributaries of Brahmapuira, the great rivey that
flows through Assam into the Bay of Bengal.  When in spate, this devastating river
hrings in its wake the waves of miseries to the people and ruin o a number of
heautiful towns in Assam, These streams are flooded during summer months and
some places in the Agency remain completely cut ofl and inaccessible for about
vight months in the vear.

P33 l 5
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For administrative purposcs, the Agency is divided into six divisionst{Map 1),
namely, Tuensang Frontier Division, Tirap Frontter Division, Lohi Frontier
Pivision, Siang Frontier Division, Subansiri Frontier Division and Kameng
Frontier Division. Al but Tuensang Frontier Division have been named afier the
rivers of similar names flowing in the area. Tuensang Division, however, hagderived
its name from Tuensang, a village situated in the area. FEach of these divisions
fhirs got more or less a centrally sitwated headquarter, and a number of outposts
distributed throughout its length and breadth. Road communications in the
entire agency area are extrcmely poor. Barring only two fair-weather roads to
divisional headquarters, one to Teju in Lohit Frontder Division and the other to
Tuensang in Tuensang Frontier Division, and a few more (o some outposts in the
hilly regions, approach by road to the rest of the places is not possible. The rest of
the divisional headquarters can only be approached cither by foot through the
dense forest in hilly tract highly infested with leeches, or by ponies where tracks are
present,  Ziro, the divisional headquarier of Subansiri Frountier Division, is
approachable only by air.  All attempts are being made o construct a number
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of fair-weather roads and airstrips in the agency and this will undoubtedly case
the communication problem 1o a considerable extent in the near future.

POPULATION.

The agency is sparscly populaied.  The inhabitants comprise mainly aboul
8 lukhs tribal peeple.  Of these, only one lakh inhabit the foot-hill arcas.  In the
course of this survey, it was gathcr«.d that there are in all about 30 tribes, and
again cach tribe has got a number of sub-tribes.  These tribal people have very
fittle intercourse with the people of the plains. Tangsu, Singhpo, Wanchow,
Noktey, Khani, Misimi, Daphla, Aka, Abores, Nagas, ctc., were the only few
tribes met with durmg the present survey. Bach tribe, and in some cases cach
sub-irihe, has a language of its own. 1{ was stated that about Bo dialects are
spoken in the agency, The tribals in the hills are, as a rule, healthy but those
residing in the foot-hill regions, have poor health. They are, in general, ili-clad and
spend most of their time outdoors, irrespective of whether their habitation is on
the high hills or on the submontane regions,

HOUSING CONDITION.

The huts are characteristically built.  The {ramework of the huts stands
on an elevated platform at a height of two o five feet from the ground level.
"The platform consists of a wooden frame with bamboo matting, and forms the floor
o the hut. Fadders, made of wood, are provided for climbing up to the huts,
Bamboo mattings, all round, form the walls and the roof is of thatch.  Each house
has invariably # covered varandah in front where guests are usually accommodated.
Houses are in general quite big and, there being no window, are ]n{ch -dark inside,
Some of the houses of comparatively well-to-do persons, have proviston for bedroom,
bath-room, laterine, ete., made by partition walls with bamboo-matting. The
space under the pl:—ttform, is fenced all round and thus utilized as pig-stics.

AGRICULTURE.

The main crop of the land is rainfed paddy and the people there, are main!y
rice-caters, They practise terraced cultivation of rice locally known as © jhum’
cultivation. Since the administration is introducing wet rice cu}twumn, they are
gradnally getting used to i, and it appears that this practice is hecoming popular
amongst them.  Besides rice, cotton and tapioca are also grown but to much less
extent, TForests vield timber and firewood.

CLIMATE.

Sufficicnt data {or rainfail, temperatare and humidity were not available.
However, rainfail data for the last four years, as recorded at Pasighat Agncu]tural
Farm, is prescnlcd in Table I. Rains sct in as early as March, and continue til}
October. Highest precipitation is in the month of July. Rains are mostly from
the south-west monsoon.  Average annual rainfall for the last four years is 236°95
inches,  The climate is hot and humid throughout the year, excepting a short winter
during December and January.
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MORBIDITY RATE.

Mabara morbidity, wnd rotad morbidity  figures, for all the rhww)nb, 18
wvaitable from the office of the Chief Medical Officer, are presented in Table 11
Peyusal of the data for the Iasl three vears, would show that malaria cases are
uiicountered thronghout the year, Maximum number of cases were recorded in
the months of August, September and Oclober. Malaria figares in relation to
‘otal morbidity figures each mond), would definitely indicate that incidence of
malaria s Jeast during the winter months.

EPIDEMIOLOGICAL DATA,

Spleen suregp.--Spleen survey way carried out noall the  divistons  irom
Novensher 28, 1955 to January 14, 1956, During the survey, 33 villages were
covered, and 877 children between 2 - 10 years of age were examined. The results
axe presented in Table II1. The spleen rate varied from 266 to 100 por cent in the
toot-hill regrons, and the average enlarged spleen, worked out according to Hackett’s
arethod {Hackett, 1944, wag found to be between 1 and 1-6.

The joot-hill region showed ihe highest spleen rates, whereas in Mon, a
vilfage at a height ol about 3,000 feet above sea level, the spleen rate was only 2'6
per cent.
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Spleen rate amongst children.
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One hundred and eleven adults, front ten villages, were also subjected 1o
spicen examination and the spleen rate amongst them worked out to be 676 per
cent,

PARASITE SURVEY.

Children examined lor spleen survey, were subjected to blood examination
av the same time.  Parasite rate recorded {Table TV) was as high as 81-8 per cent
in one area, Children from Teju High School were regularly kept on suppressive
treatment with antimalarials, and hence parasites could not be detected in their
blond. Children from Mon, a village with negligible child spleen rate, showed no
parasitemia,  The predominating species in the agency, during the survey, was
P. falciparum which constituted 65°8 per cent; while P wivax, P, malaria and mixced
infections accounied for 158 per cent, 16T per cent and 2°6 per cent respeetively.

INFANT BLOOD EXAMINATION,

Adl eflorts were made to examine cach and every inliunt in the village, visited
by door 1o door visits.  In spite of this, the number of infants examined was Jow,
indicating a comparatively small infart population. One hundred and twenty-
four infants between the age of one month to one year, from 28 villages, were
examined {or parasites,  The results are recorded in Table IV, Infant parasite
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Tasre 1V,
Parasile rate amongst children.

Malaria in North-East Frontier Agency (India).
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rate ranged from 23 to 83 per cent. Parasite rate, amongst infants, was invariably
high in the villages away from outposts; and the extremely low rate in the
outposts themsclves, accounted for presumably by the effective control of malaria
in the outposts. . falciparum was the predominant infection constituting 63 per
cent of the total infection} P, vivax, P. malarie and mixed infections accounted for
22-2 per cent, 111 per cent, 3-7 per cent respectively (Table V).

ENTOMOLOGICAL DATA.

Adult mosquite collections were made {rom almost all the villages visited
for spleen and parasite surveys., Night collections were also made in certain villages,
'Fhe density of mosquitoes, during this part of the year, was found to be extremely
low. The species of mosquitoes collected were A, macudatus, A. aconitus, 4. vagus,
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. wdninas, A, annularis and A, pallidus in order of prevalence, A, menimus formed
47 per cent of the total collections,

Mosquito collections were m made from human dwellings only.  Cattlesheds
are practically non-cxistant there.  Searches for adult mosquitoes were of course
made in some of the pig-sties 100 but mosguitoes were not found in them, probably
because they were mostly open on all sides.

Tanre V.

Infuni parasite rate.
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Breeding places.~—Perinneal strcams were the only source where the mosquitaes

sould breed.  No systematic search for detection of mosquito breeding was made,

O casual inspection, some of these streams showed anophceline larvie.  They were
frst and second instars and hence no attempt for identification of species was made,

Dissection of mosquitoes. - Al the adult mosquitees that were collecled during
dre siivey, wore dissected and one oL mivimus was found positve (Fable VI, The
srfective mosquito was caught on December 9, 1955, from a human dwelling in
Kheram Mura, a village some five miles away from Bordumaa autpost. ‘The Fut

.+f the mosquito showed 25 oncysts, some of them nearing maturity and the glands
H{E{J“Cd very scanty infection, Thus A. minimus 13 a vector in the area (Misra, 1956).

Even though A. leucosphyrus could not be coliected during the present swrvey,
yet trom the topographical and other considerations the possibility of this species,
uhymg some réle in transmission of malaria, cannot be ruled out. Turther
detailed investigations, during the malaria season, are indicated for more definite
tnowledge on the transmission of malarin in the area,
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Tanre VI,
Results of dissection,
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DISCUSSION.

Malaria problem confronting (he Agency may pow be conveniently classified
as 1 1) malaria endemicity in the foot-hill region; (2) tnported malaria to high hills
duc to migratory habits of the tribal people, and (3) possible malaria hazards
consequent upon 1he developmental work. Each of these problems will be consid-
cred separately for the purpose of discussion.

From the cpidemiological and malaria worbidity data, it is quite evident
that the foot-hill areas are highly malarions. Observations made in Assam, a
comtiguous State, by various workers {(Chalam and Young, 1923; Waitson, 1924;
Strickland, 1925; Ramsay, 1930; Manson, 1931; Rice and Savage, 1932) have
shown that relative proximity of perennial streams to habitations, is a factor in
determining the cxtent and distribution of malaria. The villages in the foot-hiil
areas are invariaDly situated in the proximity of perennial streams.

A. minines has been incriminated as the significant vector species in Assam
by Chalam and Young (1923), Strickland (1925; 1929) and Ramsay (1930).
Manson (1931), Gupta ¢ al. {1932), Rice and Savage (1932} and Manson and
Ramsay (1932) further confirmed these findings in the plains of Brahmaputra Valley
of Assam and Cachar. . minimus has been incriminated as vector species in the
neighbouring Manipur and Tripura states {Misra, 1954}, the terrain of which is
simlar to the one under report.

A, mintmus 1s perhaps the most importam vecior in this area. Tt is well known
that the principal habitat of A. mintmus larve is moving water, be it perennial
river, stream, drain or any other water source of this description. Hence such a
distribution of malaria in the foot-hill areas is to be expected.

The density of anopheline population being very low during the period of
the survey, the collections made may not represent the true picture of anopheline
fauna of the area. d. minimus formed only a very small percentage of the total
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collecrion.  These findings are similar to what have been observed during cold
months in Assam by various workers (Manson and Ramsay, 1932); Rice and
Savage, 1932; and Vishwanathan o al., 1941). In so far as the infectivity of
Ao mantimus s concerned there is dﬂ’!pl{ evidence 1o show that the same species
could be positive for ojcyst and sporozoites throughout the year in  Assam.

During the cold months of January and February, the infection rate may, however,
be very low due to the low density of adult mosquito population, on account of
lack of pereanial breeding grounds (Rice and Mohan, 1936; Vishwanatham ef al.,

19¢1).  During the present survey, finding of one A. minimus positive for ()ocvs(s
and sporozeites on December 9, 1955, may indicate the possibility of this species
behaving in the same way as in Assam,

Malaria cases are encouniered in the high hills where there is remote chance
of imligenous transmission for want of breeding places. This only happens because
i certain areas the hill people, for purposes of cultivation and collection of
necessary commodities, come down to the plains where they stay overnight and
contract the infection.  Further, for any movement in the Agency tract, porters are
indispensable, These porters are mostly from the higher vegions and are cxposed
1 infection when they work in the foot-hills.

The possibie malaria hazards which may emerge out of the developmental
work are (a) creation of breeding places and interference with the natural drainage
of the terrain in the construction of roads, and (&) collection of administrative
personnel and labour from diflerent parts of the country (tropical aggregation of
labour). These may lead to a scvere outbreak of malaria chicfly due to the
introduction of fresh strains of malaria parasites under conditions favourable for
:he local transmisston.

CONTROIL MEASURES.

Malaria control in the North-East Frontier Agency is indeed a difficult
prublem, but given money and time malaria can, no doubt, be effectively controlled.
Concerted effort should be directed towards the fight against (his scourge. Hence
the organization should be a well-knit cne.  If malria is eflectively controlled, more
than Dalf of the public health problems would be straight away solved. Dedine
of the population in certain areas may dircedy or indirectly be attributed to the
ruvages of malaria, Malaria control, if successfully carried out, may go a Jong
way 10 arrest this catastrophe.

Taking into consideration, the tcrrain, the sparse population, lack of
commuanications and the malaria problems as already discussed, the [ollowing
ureasures are suggested.

{1) Recurrent antimalaria measures in the form of residual spraying of
houses with insecticides.
2} Suppressive treatment with 4-aminoquinolines under proper supervision,

3} Avoidance or treatment ol freshly created malariogenic conditions to
rencer them harmless, ’
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RECURRENT ANTI-ADULT MEASURIS,

From the cpidemiological dala, it is cvident that the foot-hill areas arce
hyperendemic for malaria.  Morbidity figures indicate that malaria cases start
cropping up in March and April, and reach its peak during August, September
and October.  Active malaria transmission thus starts from mid-April and continues
il first week of December, height of transmission being probably in September-
October. Protection from malana has, therelore, to be provided during this period.

All houses in the villages, labour cainps and outposts have to be treated with
residual inseciicides.  The roofs and walls of the platforms forming the floor of
the houses should not be left without spray.  Arrangement may also be made with
the States, bordering North-Fast Frontier Agency, for the protection of villages
on their side of the border, Because of the enormous malaria risk involved, due to
the developmental works in the shape of new contracis taken up in the Agency,
it is considered necessary that the arca should receive three rounds of spray at the
initial stage for the next two vears, [I'irst round should commence from mid-
March and the spacing of the subsequent rounds should be worked out according
to what local studies would reveal about the duration of effectivencss of the residual
insecticide employed.  The total dosage of D.D.T. would he 200 mg. per square
foot of sprayed surface, as recommended under the National Malania Control
Programme in the coumtry.  As the possibility of transmission in the villages situated
on the platean of high hills exists, a single round of spray with 200 mg.[sq. (&,
may be sufficient to cover the risk. Detailed epidemiological and entomological
studies will be necessary to decide this issue,

SUPPRESSIVE TREATMENT,

Al migratory people and tribal porters should be put under suppressive
ireatment with camogquin or resochin in the weekly dosage ol 400 mg. and 300 mg.
respectively,  They should start taking the drug the day they come down to
the plains and continue taking the same at weckly intervals for the period they
would be required 1o stay in the foot-hill regions. This measure would be necessary
onty to start with, and may be withdrawn when once the effective control is
achieved through residual spraying.

AVOIDANCE OF CREATION OF MALARTOGENIC CONDITIONS,

In the construction of roads, patural drainage of the terrain should, as far
as possible, be maintained by sulficient number of bridges and culverts. Such a
provision should be insisted upon in every cngineering project contemplated n
the arca.

To obviate the risk involved due to © tropical aggregation of labour ™, the
Tabour camps, outposts, cic., should be properly sited as far away ag possible from
the loca! villages. All new entrants in the arca should De examined, and those
found positive for malaria parasites on examination of their blood, should at once
he pat under a course of treatment with camoguin or resochin.
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Sinee evidence is there to show that A, mintmus in India could be cifectively
controiled with residual inscedcide (Purt and Krishnaswami, 1947; Krishnaswamy,
1952}, it is to be expected that residual spraying of houses will undoubtedly bring
malaria in the agency well under control.  Further, the migratory habits of the
iribals and aggregation of people Nrom outside, warrant the use of suppressive
ireatment which, in its turn, will reduee the active incidence of the disease and
thereby enhance the effectiveness of malaria control to a great extent,

SUMMARY.

North-East Frontier Agency is a hilly tract with an arca of about 34,000
square miles. The population is only eight lakh, of which one lakh inhabit the
inot-hill areas. A large number of streams and strcamlets criss-cross the country.

There are 30 tribes in the agency and again each tribe has a number ol
sub-tribes,

Foot-hiil areas are hypercndemic for raalaria.  The spleen rate in the villages,
covered during the survey, varied from 26:6 10 100 per cent.  The parasite rate
amongst childven was high, in one case it was B1'8 per ent.  School children
cxarained showed lowest parasile index.

The inlant parasite rate ranged [rom 23 to 83 per cent. On all occasions
P, jalciparum was the predominating species prevalent, P. vivax , P. malavie and
mixed nfections were also encountered,

Morbidity figures would indicate the presence of malaria cases throughout
the year. Maximum malaria morbidity is encountered during September and
Dctober and minimum during December and January,

Mosquito density was very low during the period of ihe present survey,
From the collection made, six species of anopheline mosquitos were identilied.

A, minimus has been established as a vector species in the foot-hill regions of
the Agency, :

Recommendations for malaria control measures have been made,
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EFFECT OF INSECTICIDES ON VECTOR SPECIES AND
DEVELOPMENT OF RESISTANCE, IF ANY, IN
DIFFERENT VECTOR SPECIES IN
HIRIYUR AREA, MYSORE STATE*.

By
H. SHAMA SASTRY,
N. L. SITARAMAN
AND
. 8. RAMA RAQ.

{Bureau of Malariology, Bangaiore.)
| Qclyher 2, 19358, |

INTRODUCTION,

At the Annual Meeting of the Indian Council of Medical Rescarch held in
1954, it was proposcd to carry out certain investigations in different parts of India
tn determine wheiher malaria vectors are developing any resistance towards restdpal
insecticides. The arcas recommended for these trials were those which were
under continuous treatment with residual insecticides for over four years., In
Mysore State, Hiriyur arca in Chitaldrug District, was recommended for these
investigations. 'The vector species in this area are culicifacies and fluviatilis, although
sephensi may play a minor rgle {Nursing, Rao and Sweet, 1934).

AREA OF STUDIES.

Hirlyur area is in the south-eastern part of Chitaldrug District on the main
Bangalore-Dharwar Road, 99 miles from Bangalore. The average annual rainfall
is below 20 inches and it is a semi-irrigated area. Hiriyur Town lies on the right
bank of the Vedavati River. A large dam was built in 1893 across the Vedavati
River, 12 miles above Hiriyur Town, at Vanivilasapura. There are two large
irrigation channels taking off on either side of the river. Water from the channel
on the north bank is used to irrigate sugarcane, plantain, and to a small cxtent
paddy fields. The south bank channel irrigates paddy fields to the west of

*The studies reporied in this paper were conducted by the Bureau of Malariology, Depariment of
Pubtic Health, Government of Mysoer,
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Hiriyur Town and also a few acres ol sugarcane and plantain,  Water in the
<anals is 1t in for one week and turned ofl’ during the next, the on and off periods
alternating with cach other.

There are five primary health voits working al Hinywr, Vanivilasapura,
Ranganathapura, Dharmapura and Maradihalli, the first three being served by
the Vanivilasa Sagar Canal.

The arca has been under residual insecticidal treatment since 1950 and
ai the commencerment of these studics, June 1935, had received eleven rounds of
spray.  The insccticides and dosages employed were:—

.1, T.—--30 per cent wettable powder ... One round of 100 mg.sq. 1t

{Jammexane-—P.520 wettable powder ... Two rounds of 22 mg./sq. L,
0.D.T.--Emulsion ... Four rounds of 100 mg.fsq. I
1.D.T.——75 per cent wettable powder ... Four rounds of 100 mg.fsq. 1t

PLAN OF EXPERIMENT.

Reconnaissance  surveys were  carried  out tn 41 vilages of Hivivuy,
Ranganathapura and Vantvilasapura Health Units, with the object of sclecting
certain villages where sufficient numbers of 4. eulicifacies, A. flueiaiilts and A, siephenst
conld be collected for experimental purposes. When these surveys were taken up
in June, 1955, the arca had been sprayed in April 19535 under the National
Malaria Control Programme, and conseguently the mosquito densitics were at
a very low level.  As densities of vector species would build up only after October
iSweel, 1933), the October round of spray in 1955 was with-held in four villages
‘Nandihalli, Bharmagiri, Krishnambudhi, and Pitlali) which were selected for
studies. The anopheline species recorded were  acouitus, annularis, harbirostris,
culivifacies, fluviatilis, hyrcanus, jamesi, jeypariensis, pallidus, splendidus, stephensi, subpictus,
lessellatus, furkhudi, vagus and varuna.

Mosquitoes were colleeted between 7.00 and 11.00 am. in groups of two or
three in test tubes, and vector species isolated and released into clean cages.
Treatment of filler papers with insccticides, and construction of cxposure chambers
were carried out as laid down in Technical Report No. 80 of the Expert’ Com-
mittee on Malaria, World Health Organization. Young and (reshiv-fed
mosquitoes were exposed for onc hour to the treated filter papers and alter
rxposure, released into clean lantern globes covered with moist Hint and provided
with soaked raisins, Temperature and relative hwmidity were recorded belore
and alter cxposures. Controls for all tests were run, exposing mosquitoes to filter
papers treated only with the solvent. Mortality counts were recorded afier 24
hours at room temperature. Tests were carried out during' Januwary, March,
April, May and June 1936, Temperature and relative humidity ranges at the
time of exposure are recorded in Table 1.

RESULTS.

Young freshiv-fed females ol 4. culivifacies, 4. fluviadilly and A. siephensi were
uxposed in batches to filter papers treated wich 240, 1-0 and 0°5 per cent solutions



H. Shwma Sastvy, N, L. Sdtaraman amd T, N, Rama Rao. 351
of technical DL i risella oil) diluted with ethylene dichlonide.  Controls were
cxposed 1o filter papers treated only with risella ol and ethylenc dichloride.
Results of exposures are summarized in ‘Fable IIL

TanLe 1.

Femperature and relative faimadity.

ey balb Wt buth Relative npmidity
Monsii, . ‘Femp, *L. ‘Temp. °F. {per cent}.
,955 VO NSO
Junuary e H3—N5 -4 ER NS L
Mareh o ¥ 2 G8—74 ; i3
Apuil M- 33 fin- 74 : 24 -6
Ay 8 Lo it 7376 | 68
BRI I -84 T IR i 6] 73
TasLe I,
Results of exposure.
ili.'mc:.‘.utm-! Nuenber Numbaer ' Popeent 1 Number ' Mumber . fer eont
Pose et !Ii;n]])t?_ll: exposed., tiia;j after  mortality, ffxpwt'cll IE r‘i;:;a;l after  mortality.
N 2% herars, |} fay contrals.! =4 howrs.
(ier cent) f l
SRR o “H,_‘... _M;(‘; __ p” m;[“;n(pu S :_ e _HH.)__‘_’.,._
A, sulivifacies U TR 432 B meT
O S T R 1 1080 E I T R Tt 20
-;‘Fu.l.'a.i” .. . 1313 ! 107 E #-0 - _ig_ “"'% 35 B )
T “"__'_]!‘{i 40 : ELL |M“|(.‘ll - o ‘L?;I ! i3 i 1000
4. flueingills Vg 3 é 36 LI 12 1 917
T T TN Y : He 1000
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D | _“;{!—"— ﬁm;i:i Jb— i2-2 T IBNH‘! 5 43-3
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It can be seen from the above figures that, in the case of A. culivifacies and
A, fluviatilis, in all the threc concentrations of D.D.T. tested, there has been almost
180-0 per cent mortality. Even in the controls, there has been a similar mortality
rate. This has to be ascribed to the fact that these controls are not ™ true
vontrols  as they have alse been collected from sprayed villages. In the case of
A, stephensi, the difference in mortality between the controls and  mosquitoes
exposed to D.IDT., appears to be significant.

Tasre III.
Results of exposure of female anophelines to D.D.T.

1

! LT, ConGENTRATION. Per comt
: ad —| mortality .
Species. - 1-ib 05 for all three |
per cent, | per cent, | per cent. 1 concenlra-
f— . tinns. |
Per cent morlality
VO SO S — e mmss s m e
.. culicifacies -0 i 472 F00-0 09+ i |
A. jluviatilis w00 1000 {3,201 i
i !
A, stephensi woloT2e2 b 72 (94 713 :
a [ i——--. —-————nn
Per cent mortality of afl species H Oheerall
in cach roncentration B0 ¢ BO-8 Bo-8 9-2 PO Cont
i mnriality.

TaBrLE TV.

Results of exposure of female anophelines to solvent alone as parallel controls
for the anophelines exposed lo the dosages of D.D.T. mentioned in
Table JIT above.

Spreics. s Par cent mortality. )
4. eulicifucies ; 1660 ’ 917 [ 000 | 972
A, fluviatilis I o0 | 917 | 160 -0 I 953
Al slephensi L. 331 l H0-0 ‘ H3-3 ' 419
''''''''' 7%_;11 T g2 l 853 E T s

¥rom Table II1, it can be made out that 4. fluriatilis i3 sull highly suscep-
ible; next come 4. culicifacies and A, sigphensi.  There 15 not any perceptible
difference’ in mortality of all species in cach concentration, as compared to each
other, ziz., 91-0, 89-8 and 89-8 and also to that of overall per cent mortality of all
species in all concentrations, #iz., 90-2,

The overall mortality of 80-5 among controls and 902 among  treated,
indicates that the above specics are still susceptible to DLDLT,
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Experiments carsied out in an untreated village, Bhimanhalls o Nagamangala
Taluk, with . culicifaces showed that in concentrations ol 0-5 per cent and 1-0
per cent D.D.T., there was 100:0 per cent mortality, As similar results are
obtained in Hirivor area, it can be stated that A. culictfacies has not built up any
resistance 1o D.D.T.  The same may hold good in the case of A. fluviatilis,

The following formula was used 10 arrive at the correcied mortality rate for
the three concentrations of DUIDVT. tested :—

Observed mortality percentage— Per cent mortality % 100
in controls

Corrected moriality = 77100 Per cent mortality in controls.

From the corrected mortality rates for cach concentration, Jog. concentrationf
probit regression line has been drawn {Graph 1). The calculations involved in
this arc described in Appendix 1,  and the medium lethal concentration is 166-4 mg,
for A, slephensi,

Grarg T,

Lay. concenivationProbst regression line in respeel of differcet concentrations of D.D.T.

A STEPHENS!
6.0 PROVISIONAL LINE
» FITTED Likg
k50
ol
< REGRESSION EQUATION Y=471+138(x-2.0)
§ 4od . LD 50+ 166.4 mg.
E 30
W
b 2.0
8
20,
a

i) +98 228
LOG CONCENTRATION (Mg./Sarr)

CONCLUSIONS.

In Hiriyur arca of Mysorc State, which is under residual insecticidal
treatment for over five years, investigations o determine whether malaria vectors
are developing any resistance towards residual insecticides were carried out as per
plans contained in the Technical Report No. 80 of the Expert Committee on
Malaria, World Healty Organization.

The resuits indicate that the three vector species, viz., 4. culicifacies, A.
Jluwiatilis and 4. siephensi are still suscepible to D.D.T,
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