INDIAN JOURNAL OF MALARJOLOGY

Volume 20 Number |

June 1983

MALARIA RESEARCH CENTRE
Indian Council of Medical Researcit
22, Sham Nath Marg
Delhi-110 054

© 19831 Malaria Research Centre



INDIAN JOURNAL OF MALARIOLOGY
HALF YEARLY

SUBSCRIPTION RATE

~ India Rs. 30.00*
Annual subscription Other countries  $ 10.00
(tncluding airmail postage)

#5095 Discount would be admissible to the individual subscriber on annuai basis. .

Payments in respect of subscription may be sent by money order; bank draft/ postal order
crossed and marked payable to Malaria Research Centre,
22, Sham Nath Marg, Delhi-] 10 G54.



INDIAN JOURNAL OF MALARIOLOGY

Chairman

Prof. V. Ramalingaswami

Ediror
Dr. V.P. Sharma

Dr. Nitya Anand

Digector

Centeal Drug Rescaveh institume
f ucknow.

Dr. A.N. Rai Chowdhuri

Director,

National Institute of Communicable Diwuses,
Pelhi.

Dr. R.C. Mahajan
Head Department of Parasitology
PGI Chendigarh.

Dr. Ramesh Kumar

Sub-Dean, Department of Microbiology
All India institute of Modical Sciences
New Dethi.

Dr. Gauri Bajaj Malik

Prof. & Jicad. Pathology Pepariment
Lady Hardinge Medical College

New Delhi.

Dr. C.M.S. Dass
Prof. of Zoology, Deihi University, Dethi.

Dr. T. Ramachandra Rao
Rewd. Directar {NIV. PUNE)

Sth, Eight Main Road, Malleswasam,
Bangaiore.

4sset. Editor
Pbr. V.X. Gupta

EDITORIAL BOARD

Dr. AP. Ray

Chiel Coordinator

PCP

National Malaria Eredication Prograiame
Dethi,

Dr. O.P. Gupta

Director Health, Education & Research,
ujarat Govt,

Akmedabad.

Br. A.B. Sen

Head-Division of Parssitology
Central Drug Regenrch Tnstitute
{ucknow.

Dr. G.X. Sharma

Divecior Incharge

National Malaria Eradication Progratnme
Delhi.

Dr, D. Subrahmanyam

Director

CIBA-GEIGY Resvarch Centre
Bombey.

tr. G.P. Talwar

Lhrector

National Tnatitute of immunology

Al Irdia institute of Medical Sciences,
New Driln.






INDIAN JOURNAL OF MALARIOCLOGY

Yolume 20

CONTENTS Number 1

June 1983

Severity of blood induced Plasmodium cynomolgi B and Plasmodium cynomelgi cynomolgi

infection in pregnant rhesus monkeys (Macaca mularta) 1
K.K. Kamboj and G.P. Dutta

Mesquitoes of Andaman Islands 7
B.N. Nagpal and V.P. Sharma

Serum proteins and immunoglobulin changes in human malaria 15

Pawan Sharma, Indresh Kumar Srivastava, Amar Nath,
G.P. Dutta and §5.5. Agarwal
Studies on the true incidence of malaria in Kharkhoda (District Sonepat, Haryana) and
Kichha (District Nainital, U.P.) Primary Health Centres 21
V.P. Sharma, D.S8. Choudhury, M.A. Ansari, M.S. Malhotra, P.K.B. Menon,
R.K. Razdan and C.P. Batra

Morphological variations in a natural population of Anopheles vagus Donitz (1902) collected
from Andaman Islands 35
B.N. Nagpal and V.P. Sharma

Chromosomal transiocations and semisterility in the malaria vector Anopheles

Jluviatilis James 45
N.J. Shetty

Resurgence of malaria in Gadarpur PHC district Nainital, Uttar Pradesh 49
D.S. Choudhury, M.S. Malhotra, R.P, Shukla, 5.K. Ghosh and V.P. Sharma

inheritance pattern of vermilion-eye in Anopheles culicifacies species A 59

T. Adak, Sarala K. Subbarao and V.P. Sharma
Response of Plasmodium falciparum to chloroguine in Delhi, Sonepat district of

Haryana and Terai region of Uttar Pradesh 63
D.S. Choudhury, S.K. Ghosh, C. Usha Devi and M.S. Malhotra
Studies on malate dehydrogenase of Plasmodium knowlesi 71

Nalini Saxena, V.C. Pandey and G.P. Dutta
fContd.)



Shart Notes

Maosyuito breeding survey in urban Dethi
H.C. Uprety, P.K. Srivastava, B.N. Nagpal and V.P. Sharma
Yital staining of the malaria parasites
V.P. Sharma :
Yariaiions in orramentation of palpi of Anopheles sundaicus Rodenwaldt {1925)

roltected from Andaman Isiands, India
B.N, Nagpal and V.P. Sharma

Book Review

Anopheline names, their derivations and histories— by James B. Kitzmiller
Thomas H.G. Aitken

19

813

85

91

Note: Ediuar assumes 10 responsibibity for the starements and opintons expressed by the contributors,
“This issue has been delayed for three months for reasans beyond our contral,



indian Journal of Malarnctogy
Vol. 20, Jure 1983, pp. 15

Severity of Blood Induced Plasmodium cynomolgi B and
Plasmodium cynomolgi cynomolgi Infection in Pregnant

Rhesus Monkeys (Macaca mulatta)

K.K. KAMBOJ! and G.P. DUTT4A!

Course of blood induced Plasmodivm cynomolgi B and F. cyromolgi cynemolgi infections in twenty
two female rhesus monkeys in ferminal stages of pregnancy and sixteen normal females, has been stu-
died. It has been found 1hat ip pregnant monkeys there was a significantly higher level of peak parasitac-
mia and longer duration of patency compared o the normat {control) females. Pregnunt monkeys also
maintained 2.2 to 2.71 fold higher parasitaemia compared to normal females.

Major complications of umreated malaria during pregnancy were death of the mother with foetus in
wiero in 4 monkeys, premature abortion in 4, death of the monkeys after parturition in 2, and death of
the new-barn baby in 4 monkeys. Pregnant rhesus monkeys can serve as useful non-humar primate
model to study the complications of malaria in pregnancy and also for the evajuation of efficacy and

toxicity of known and new antimalarais.

INTRODUCTION

Due to resurgence of malaria, the large popula-
vons belonging to South-East Asia, Africa and
Southernh America are exposed 10 a grealer risk
of malara. Infact malana and its complication
remain a major infectious cause of morbidity and
mortality in the world (WHO. 1971). The prob-
ierm of malaria becomes more apgravated during
pregnancy because of its reported adverse effects
in  pregnant women resulting in  severe
complications.

Fhe incidence of malana as well as the density of
parasitaemia among pregnant women has been
reported to be significantly higher compared 1o
the non-pregnant women. Studies from areas
with high incidence of malaria have shown that
during pregnancy there s nearly 2-4 fold increase
in the density of mataria infection (Madecki &
Kretschmer, 1966; Gilles er al., 1969; Pingoud.
F969: Otieno et af,, 1971; Kortman, 1972; Bray &
Anderson. 1979},

Accepted for publicarion: T February 1983,
\Central Drug Research Instifute,
fucknow-226001.

Several studies in pregnant women show that
malaria infection during this period can result in
serious complications posing danger both to
mother as well as the foetus. Wickramasuriya
{1637} reported i high maternal lossamongnan-
immune pregnant women during a mataria epi-
demic in Ceylon in 1937, Lee Yan Hung (1951)
reported 14% foetal death rate from mothers
with positive placenta, many of whom aborted
when they had severe attacks of malaria, Bruce-
Chwatt {1952) and Jelliffe {196R) have reported
reduction in mean birth-weights associated with
placental parasitization. Tachakmov (1964)
reported the oedamatous nature of placenta and
its detayed retention leading to foetal anorexia
among women who had malaria during terminal
stage of pregnancy. Covell (1950) and McQuay et
al. (1967} reported the rare occurrence of con-
germitally transmitted malaria. Galbraith er al.
{1980) observed that matcrnal malaria may cause
placental damage and thereby jeopardize the
materno-foetal relationship among pregnam
womef,

L nfortunaiely there is no suitable experimental
animal modei reported so far in literature which
can be reliably used for studies relating to maia-



‘la and its complications during pregnancy, I'he
sresent communication reports the severity of
malaria, in pregnant rhesus monkeys, as well as
;13 adverse effects on the foetus and the mother
caperimentally infected with P. evromolgi Band
B eynomolgi cvnomolgd . during the terminal
wage of pregnancy.

VMATEREAL ANYY MEFHODS

Ywenty twe femaie rhesuy monkeys iweightng
I-B kg) in terminal stage of pregnancy and six-
went normal females (weighing 5-6 kg.) which
were free from tuberculosis as shown by negative
wiberculin test and chest X-ray, were used in this
sivdy, The fwo strains of malania parasite
tamely P. craomolgi B and P cymomoelgi cvno-
wolgh were obtained rony De. W.E. Collins,
SO, US AL and NICH. Dielhi, vespectively.

nfections with P. cynomalgf B were induced m
aath preguant and normal monkeys by if v inoe-
giation of 1x10* parasitized red cells and thal of
%, evromolgi cynomolgi with 1x10% parasinzed
-¢d cells. The course of parasitaemia was moni-
wored by routine examination of thick and thin
siood smears stained with Giemsa. Most of the
sregnant monkeys delivered their offsprings dur-
g the course of malaria infection. The data on
<il} births, defaved retention of placenta. death
sweurring due to malaria in pregnancy and adhe-
won of placenta in the pregnant grovp were
cecorded and the possibility of transplacental
sransmission of malaria was studied by making
regular blood smears of newborn and also by
subinoculation of 2mi of blood into healthy baby
aronkeys (weighing 2 kg.).

RESULTS

The course of blood induced P. evromolgi B and
2 cynomolgi cynomolgi infections in pregnant
and normal female rhesus monkeys was studied
with a view to compare the severity of malaria in
the two groups under identical conditions
{Tables | & 2). The severity of malaria was
wudged by taking into account the height af peak
parasitaemia as well as the duration of patency
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(fevel of parasitacmia >0.1%). The results show
that P. cvnomolgi B infection reached a peak of
8.36 £ 3.02% in pregnant {emales and 520 &
1,359 in normal females, The difference in the
peaks of the two groups was statistically signifi-
cant (p<0.02). There was also significant differ-
ence in the length of patency in the two groups
(p <0.05). Infection with P. cynomolgi cyno-
molgi also produced a signiftcantly higher level
of parasitaemia in the pregnant group compared
to the normal females (p <0.001). Furiher, the
pregnant group showed a highly significant
jonger duration of patency compared to thecon-
trol femnales (p <<0.001). The cumulative parasi-
taemia load was 2.12 fold higher in pregnant
females infected with P. cvaomolgi B and 2.71
lold higher in pregnant females infected with P,
craomolgi cynomolg as compared to their cor-
responding control females.

The major complications of untreated malaria
infection in 22 rhesus monkceys in terminal stage
of pregnancy (with over 5 months of gestation)
included the deathy of monkev before or after
delivery in 4, premature abortion and foetal
death in 6. delayed retention of placenta in 4 and
death of monkey after delivery in 2 cases. Infour
cases the haby monkey died after birth because
of poor health and neglect by mother. Parasties
were found in the placenta but no transplacental
transmission was encountered even when 2mi of
the blood from four new horn babies was
transfused into healthy baby monkeys.

DISCUSSION

Vbere is no suitable experimenial model 10 study
the problems of malaria during pregnancy par-
ticularly its adverse effects on the mother and
toetus. It is extremely essential to have a non-
human primate model to evaluate the efficacy
and toxicity of known and new antimalarials
during pregnancy.

The present study on malana in female rhesus
monkeys during their terminal stage of preg-
nancy using P. cynomolgi B and P. cynomolgi
ynomoldgi has shown that the parasite load dur-
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Tetle |. Prepsient period, peak parasiteemin® and patency of infection in pregnant and normal lemsle Macaca
mulatis monkeys infected with Plasmodium cynomalgi B.

“Monkey No, PREGNANT Monkey No. CONTROL
Prepatent  Peak Patency Prepatent Peak Patency
period parasit- >0.1% periad Parasit- > 15
{Days) asmia {Days) (Days) acmia (Davs)
i 6 560 % 3 6 540 2
2 [ 820 28 {1} ] 623 28
3 3 B24 21 1t 5 756 I8
4 6 780 H 12 7 484 0
5 & 984 P2 13 7 280 2
s 6 360 2 14 6 546 25
7 5 1372 k] i5 6 480 25
s 5 995 27 t6 7 525 24
Mean 5.75 836.88 26.25 6.25 $29.50 22.8%8
Tsp 0.46 302.55 2.66 07 115,01 323
S.E 0.16 106.97 0.54 0.25 4111 1.14
Significance NS <002 <005

*Parasites; ¢ RACS

g pregnancy was double. The severity of mata-
ria during pregnancy has been attributed to be
due to 2 breakdown in the maternal immune
system either under stress of pregnancy or with-
drawal of proteins from the immurne system by
the foetus (McGregor & Smith, 1952), or lower-
ing of fgG, {gM and globulins (Gilleser al,, 1969;
Kortmann, 1972; McGregor et al., 1970). Taufa
1978} asserted that sedfuced resistance to mala-
r1a during pregnancy might be due to immuno-
lagical or hormonal changes.

various materno-foetal complications like
delayed retention of placenia observed during
ihe course of present study are suggestive of
some pathological changes in the placenta. The
death of the mother before or after parturition
might be due to some sort of toxaemia resulting
irom placental damages. The deaths of newborn
were probably due to their poor birth weights

{Jellifte, 1968; Jilly, :969). Premature abortion
and foetal deaths that we observed are likely to
result from placental damage and anorexia
(Tachakmov, {964), We could not come across
any case of transplacentai transmission of mala-
ria parasites and this finding further supports the
earlier view that this condition was extremely
rare {Covell, 1950 & McQuay er al, 1967).
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Table 2. Prepatent period, peak parasitaemin® and patency of infection in pregnant and normal female Macaca
mifaita monkeys infected with Plasmodium cynomalgi cynomolgi
Monkey No. PREGNANT Monkey No. CONTROL
Prepatent  Peak Patency Prepatent  Peak Patency
period parasit- >{.1% period Parasit- =019
{Days} aemia {Days) {(Days) aemia {Days)
15 5 550 §5 29 5 356 I
16 ' s 820 15 k1 5 262 "
7 5 755 19 " 5 462 13
18 5 745 IR 12 3 T80 LY
19 5 1150 20 13 6 628 39
20 5 935 20 34 6 790 1
21 5 1350 20 15 6 520 il
22 5 1465 16 3 6 330 12
23 5 1320 I6
24 1] 1300 12
25 5 660 14
26 5 570 Dice
ril 5 850 Died
28 6 610 Died
Mean 5.21 940.00 16.82 562 516.00 1£.E3
s.D 0.43 327.80 2.75 0.52 202.76 1.13
S.E 0.1t B7.6} 0.83 0.18 7133 0.40
Significance NS <.001 <0.001
*Parasites/ IR BC's
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Mosquitoes of Andaman Islands

BN, NAGPAL' and V.P. SHARMA:

Twenty-four mosquite species belonging 1o live geneea were collected from the south, middle and north
islands of Andaman. Seven Anupheles species, A. annularis, A. nigerrintus, A. nivipes, A. karwari, A.
siephensi, A. subpicius and A, verima were tecorded Tar the first time. The distribution, abundance and

results ol bait collections arc recorded.

INTRODUCTION

For the first time, Christophers {(1912) reported
cight Apopheline species in his studies of the
Mosquito fauna of Andaman islands. Later
Covel! (1927) recorded eight Anopheline species
with one new record but A. aitkenii previousty
reported by Christophers was absent. Basu
(1958) reported only A. sundaicus and Culex
spp. which were collecied from some human
dwellings of these islands. Krishnan (1967)
recorded nine Anopheline species, of which two
were reported as new records, but A. agitkenii
collected by Christophers and A. umbrosus by
Cavell were absent. This was the last published
report of the mosquito fauna of these islands.

During a study tour in Jan.-Feb., [982, intensive
and extensive coliections of mosquitoes were
made from South, Middle and North Andaman.
Results of this survey are reported in this paper.

MATERIAL AND METHODS

Indonr resting mosquitocs were cellected from

Acvepled for publivation: 5 May 1983
'Maularia Ressarch Centre ICMRY),
12 Sham Nath Masg,

Bethi-] 10054,

human dwellings and cattlesheds. Qutdoor rest-
ing aduit mosquitoes were collected from open
sheds, bushes and vegelation, during day time.
Evening collection were made inand around the
cattlesheds and human dwellings. Mosquitoes
were collected by suction tube method. In some
rooms,  mosquitoes were collected by space
spraying using pyrethrum. All night (5.00 p.m. to
5.00 a.m.) man and cattle biting collections were
made for one night each on two animal baits
toutdoor) and two human baits (indoor) in Sai-
tankhari, Wondoor, and Sipighat villages of
South Andaman, [ arvae were collected from the
rice fields, pands, creeks and tree crevices, and
kept in the field laboratory until adult emer-
gence. All newly emerged mosquitoes were killed
with ether and packed in ceilophene envelops.
The packed mosquitoes were brought to the
Malaria Research Centre, Delhi for identifica-
tion and preservation. Identification of mos-
quitoes was done using the key of Christophers
¢19313) and Barraud (1934). The location of vil-
lages from where collections were made is given
in Map I,

RESULTS AND DISCUSSION

Twenty-four species of mosquitoes belonging to
§ genera i.c. Anopheles, Aedes, Armigeres,
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ANDAMAN
ISLANDS

& Mosquitocollection
ponts 1982, Jan-Feb

Middle Andaman

e
Sea

Andaman

Dancan Passage

Littie Anclaman

Mazp 1. Map of Andamen Islands. Solid circles onthe map indicate sites from where the mosquitoes were

coliected.



NAGPAL AND SHARMA

Culex and Mansonia were collected in the pres-
ent study. A total of 9,942 specimens of genus
Anopheles comprising of 16 species, 1,023 speci-
mens of genus Culex tomprising of 4 species, 141
specimens of genus Mansonia comprising of 2
species and 20 specimens of Aedes and 23 speci-
mens of Armigeres comprising of only one spe-
cies were collected. The distribution of species in
South, Middle and North Andaman is given in
Table I.

In the sixteen anopheline species collected from
Andaman islands, the most prevalent species was
A. vagus (80, 79%) followed by A. kochi (8.11%)
and A. sundaicus (3.26%). A. aitkenii and A.
umbrosus were not Tound in this survey.

r

Among Culicines the most dominant genus was
Culex and in this genus the most prevalent spe-
cies was Cx. guinquefasciatuy (44.966%) followed
by Cx. tritaeniorhynchus (34.5%) and Cx. vish-
nui (19.06%). The populations of genus Aedes,
Armigeres and Mansonia were found in very low
numbers,

Results of all night bait coilections made in Won-
door. Saitankhari and Sipighat villages of South
Andaman are given in Table 2. In Wondoor. 28
Culex specimens were voilected from one dwel-
ling which had two human baits (indoor), but not
a2 single Anopheline mosquito was collected,
From a cattleshed which had two animal baits
{Bovine, outdoor) 135 specimens belonging to
genus Anopheles, Culex and Mansonia were col-
tected. In Saitankhari, 392 mosquitoes were col-
lected from two cattle baits (outdoor) belonging
to genus Anopheles, Culex. Mansonia. and
Armigeres. No mosguite was collected from the
human baits (indoor). In Sipighat 416 mosqui-
toes were collected from two catile baits (out-
door) belonging to genus Anopheles, Aedes,
Culex and Mansonia, and only two specimens of
A. sundaicus were collected from the human bait
(indoor} at5.45 p.m. The last specimen was col-
iected at 1.45 a.m. from the animal bait of Sip-
ighat and was identified to be A. sundaicus.

NOTES ON THE SPECIES COLLECTED

Anopheles aconitus Donitz: Eighty-mne adult
specimens were collected from cattlesheds in the
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mornings and evenings from Scuth and Middle
Andaman. In South Andaman, 4. aconitus was
found in all collections while in Middle Anda-
man they were found only in village Billyground.
Larvae were collected from ponds and pools of
South Andaman,

A. anawlaris Van der Wulp.{New record): Seven
adult females were collected from village Sip-
ighat (South Andaman) and three from village
Nimbudera (Middle Andaman) during.evening
time from the cattieshed. No larvae were found.

A. halabucensis Baisa: Four aduits were col-
lected during night time from animal baits {out-
door) at Wondoor (South Andaman). No larvae
of this species were found.

A. barbirosivis Van der Wulp: Eighty specimens
were collected from South. Middle and North
Andaman. Adulis were collected from cattleshed
in the evening and two adults were collected in
the morning from a cattleshed in a village Collin-
pur {South Andaman). larvac of this species
were collected from streams, jungle pools, and
rice fields in South and Middle Andaman.

A. karwari James, {New record): A wotal of 102
specimens were collected from villages Sholbay,
Sattankhari, and Collinpur of South Andaman.
Adults were collected from both openand closed
caftlesheds in the evening. Larvae of this species
were collected (rom streams and creeks of village
Sholbay {South Andaman).

A. kochi Donnz; This was the second maost pre-
valent species of South, Middle and North
Andaman. Adult collections were made in the
evenings [rom cattlesheds. The immatures of this
species were collected {rom crecks, ponds, jungle
pools, rice Tields and breeding was found asso-
ciated with green algae and weeds in Sholbay and
Saitankhari viliages of South Andaman. In
seven adult specimens, four types of morphologi-
cal variations in their palpi and hind leg were
observed which are being published separately.

A. macutatus Theobald : Five adult female speci-
mens of varety willmori were collected in the
evening from open cattieshed in villages, Mile-
tilak and Sholbay of South Andaman. Nolarvae
were found.
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Table 1. Results of mosquito coflections in the Andaman Ysisnds.

Sk, Species collected Total mosquilaes
Mo, collected
SOUTH ANDAMAN
1. 4n. geoninus Donitz, 1902 R7
*3  4n. grmddgriv Van der Wulp, 1884 1
1. An. balabacensis Baisas, 1936 4
4. An, barbirosiris Van der Wulp, 1884 0%
*5  An. karwari James, 1902 102
6. An. kochi Donitz, 190] 623
7. Adn. macuilarus Theobald, 1901 5
=% An. nigerrimus Giles, 1900 13
o An nivipes Theobald, 1903 2
10. An. philippinensis Ludiow, 1902 134
*11.  An. stephensi Liston, 190) ]
*52 An. subpicrus Grassi, 1899 267
13, An. sundaicus Rodenwaldt, 1925 159
14. An. tesseligrus Theobald, 1501 bt
15. An vagus Donilz, 1902 6332
*16. An. varuna lyengar, 1924 4
H Ae. aegypif Linnazus, 1762 5
18, Ar. kuchingensis Edwards, 1913 14
19, Cx. fuscanus Wicdemann, [820 13
0. Cx. rritaeniorhynchus Giles, 1901 33
It Ox. quinguefasciatus Say, 1823 188
32, Cx. vishrani Theobald, 190 189
21, M. annulifera Theabald, 190} 108
4. M. umiformis Theobald, 1901 ]
MIDDLE ANDAMAN
b, An. aconitus Donitz, 1902 2
*) 4n. annuleris Van der Wulp, 1884 k)
1. An. barbirostris ¥an der Wulp, 1884 H
4, A4n. kool Donitz, 1901 173
5. An. philippinensis Ludlow, 1902 t
& An suhpictus Grassi, 899 2
7. An. sundaicus Rodenwaldt, 1925 i
8, 4n. vagus Donitz, 1902 1178
9. de aegypti Linnacus, 1762 5
10.  Ar. kuchingensis Edwards, 1915 9
o1 O iriaeniorhynchus Criles, 1901 14
Y1, Ox. quinquefasciatus Suy, 1823 17
13, Cx. vishmgi Theobald, 1901 4
i4. M. gmulifera Theobald, 1901 23
NORTH ANDAMAN
I, .4 barbirostris Van der Wulp, 1884 4
2. dn koohi Donitz, 1500 i
3. An. phifippinensis Ludlow, 1902 4
4 An. vagus Donitz, 1902 519
5. Cx. tritaeniorhynchus Giles, 1301 8
6. Cx. quinquefoscions Say, 1823 25
1. Cx. vishma Theobald, 1901 2

*Reported for the first time from these islands.
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A, nigerrimus Giles, {New record): Ten aduli
female specimens were collected in the evening
time from cattlesheds in village Sipighat (South
Andaman) and three adult females emerged
from the farvae collected frem ponds and creeks
of village Wondoor {South Andaman).

4. mivipes Theobald, {New record): Two adult
female specimens were collected from cat-
tlesheds in the evening in Collinpur (South
Andaman). ldentification of these specimens
was based on the key given by Reid er al., 1966. No
iarvae were found.

A. philippinensis L.udlow: Aduit mosquitoes
were coflected from South, Middle and North
Andaman. Only 139 specimens were collected
from these tslands. Larvae were collected from
shady ponds, pools and streams ‘which had green
vegetation.

A. stephensi Liston, {New record): Two adult
temales were collected in the morning from cat-
tlesheds in village Bimbalitan (South Andaman).
Specimens were also collecied in the evening
irom cattiesheds. No larvae were found.

A. subpictus Grassi, (New record); A total of 269
specimens were collected {rom the Socuth and
Middle Andaman. In South Andaman, speci-
mens were found in all villages while in Middle
Andaman they were found in the village Billy-
ground, resting in the cattlesheds. Larvae were
collected from rice fields, pools, creeks and
drains of South and Middle Andaman.

A. sundagicus Rodenwaldt: A tota) of 360 speci-
mens were collected and of these, 359 specimens
were collected from a single village Sipighat
{South Andaman) and one adult specimen trom
Bakultala village (Middle Andaman). Adults of
this species were collected from open cattlesheds
during night time. The maximum numbers were
tound from 8.00 p.m. to 11.00 p.m. No specimen
was found during day time either from the
houses or cattlesheds. l.arvae were coflected
from creeks and streams in village Sipighat of
south Andaman. Larvae were found associated
with green grasses and with other Anophelines

such as A. vagus, A. subpicites and A. aconitus.
Seven adult specimens were found from village
Sipighat with morphological variations in their
maxillary palpi. The description of these varia-
tions is being published separately.

A. tessellatus Theobald: 24 specimens were col-
lected from villages Sipighat and Sholbay of
South Andaman. Aduits were collected from the
open cattlesheds during the evening time, and no
larvae were found. One adult specimen with vari-
ation in palpi-and one in the wing was observed,
and these are being published separately.

A. vagus Donitz: This was one of the most com-
meon species among Anophelines collected from
South. Middle and North Andaman. Larvae
were collected from a variety of breeding places
such as small pools, creeks and ponds in both
forest and plain argas, and could be found in
almost every breeding habitat such as fresh,
brackish and saline water and in association with
other Anophelines and Culicines. A total of 366
specimens were found with morphological varia-
tions in their palpi, proboscis and wings (Nagpal
and Sharma, 1983).

A. varuna lyengar, (New record): Four adult
females were collected from village Sipighat of
South Andaman. Three specimens were col-
lected during evening and one during night. No
larvae of this species was found in the collections.

Aedes aegypti Linnaeus: Aduit mosguitoes were
collected from open cattlesheds and from the
shrubs in the evening just after the sunset from
South Andaman. Larvac were coilected from
stored water inside the houses and discarded
tyres.

Armigeres kuchingensis Edwards: Specimens
were collected from close and vpen cattlesheds of
South Andaman and only from open cattlesheds
of Middle Andaman. Maximum collections were
made fram Collinpur village in South Andaman.
Larvae were collected from stored water in a
house of village Collinpur.
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Cudex Juscanus Wiedemann: Spectmens were
collected only from South Andaman. Adults
were coflected in the evening from cattiesheds
and in the morning from the houses. No larvae
were found.

Ca. critaeniorhivachus Giles; High populations
f these mosquitoes were found in South, Middle
aind Morth Andaman. Larvae were found breed-
g in association with other Culex and Ano-
wvheles species in rice fieids, pools, ponds and
streams of South Andaman.

{x. quinguefascigius Say: This was the most
nrevalent species encountered in all the three
wlands. Aduits were collected from cattlesheds
and human dwellings in the evening and morn-
3. Larvae were collected from creeks, rice fields
and pools in South and Middle Andaman.

L x. vishnui Theobald : This species was cellected
trom at! the three jslands surveyed. Adults of this
species were cotlecled from cattlesheds during
worning and evening hours. Larvae were col-
iected from pools, ponds and rice ields in South
and Middle Andaman.

viansonia anmilifera Theobald | Specimens were

collected in the evening and morning from the
houses and cattlesheds from the villages of South
and Middle Andaman. A total of (31 specimens
were collected from these islands. No larvae
were found.

M. uniformis Theobald: Specimens were col-
wected from villages of South Andaman. Tep
~precimens of this species were found in the even-
ng from the cattlesheds tn Wondoor and Sip-
ghat villages. No larvae were tound.
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Serum Proteins and Immunoglobulin Changes in
Human Malaria
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G.P. DUTTA'apnd 5.8. AGARWAL !

Totai serum proleins umong 2635 cases of slide posttive malana were found o be 7.79 £ 09302 gm. %
and among ] 10 healthy subjects, 7.26 £ 1.135.%. Among malaria cascs, rélative concentrations of serum
protein fractions (%) were: Albumin, 4895 * 3.23; a-globulin, 5.45 & 1.13; oz-globulin, 8.96 * 1.26;
8-ztobutin 12,18 £ 2.18; and ¥-globulin. 24.54 £ 3.82. The curresponding values obtzined for normal
healthy subjects were: Albumin, 61.85 * 4.50; o-globulin, 3.14 * 0.822; a;-globulin, 1098 £ 1.13; 8-
globulin, 9.16 * 2.06 end Y-globulin, 14.51 2.60. A marked decrease 1 albumin and ar-globulin
fractions together with a significant increase in Y-globulin was observed in malaria infected cases. The
albumin : globulin (A7 G) ratio also showed a decrease fram 1.71 £ 1.4) among healthy subjects to 0.972

$.133% in the malaria caws.

Sera from all the 265 cases of malaria and 36 normal human subjects, were analysed for quantitation of
igG, IgM and [gA by Mancini technique. Concentration of IgG in normal healthy subjects was 1185 +
216.44 mg Y 100.0 £ 31.31 mg % and 1gA, 188.3 + 27.32 mg %. The corresponding values among
malaria cases were [746 1 154.94 mg.%, 163.11 X 47.15 mg % and 195.26 £ 22.45 mg. %, respectively.
Locality-wise analysis of the data on malaria cases, showed that areas of early infection could be demar- -
cated by higher levels of both IgM and 1gG immunoglobulins. In arces of long standing infection.
elevated levels of onlv 1G were obtained. Results of ELISA test for malarial antibody also showed a
Jose correlaiion with the raised Jevels of [gG.

It may he concluded that the ELISA test complemented with yuantitative determination of immunoglo-
nulin closses can provide important intormation or delinealing areas of early and long standing
infection.

Malaria is also known to cause decrease in
albumin, as-globulin and aibumin: globulin

Several workers have shown the association of
increased gamma-globulin levels with malaria
infection {Holmes er al, 1955; Cohen and
McGregor, 1963). Kuvin er al. {1962) demon-
strated a positive carrelation between the maxi-
mum malarial antibody response and maximum
gamma-globulin formed. However, it is only a
small proportion of the gamma-globulins which
is specifically directed against the malarial para-
site (Lunn ef af., 1966). It has now been shawn
that malarial parasite exerts a mitogenic effect
on polyclonal B lymphocytes resulting in synthe-
sis of large amounts of immuno-globulins with-
out any specificity (Greenwood and Vick, 1975).

Aceepted for publication: 13 May 1983
! Division of Microbiology.
Central Drug Rescarch [nstitute, Lucknow.
2 Dept, of Medicine, K.G. Medical College, Lucknow,

(A/G) ratio; increase in a1 -globulin and gamma-
globulin and no consistent change in 8-globulin
fractions {Klainer et af., 1968; Mousa et al., 1972;
Migasena er al., 1978). Total protein values were
found to be clevated in the Plasmodium vivax
infected cases but slightly decreased in the P.

Jalciparum infected cases. In the present study,

tevels of serum proteins and immunoglobuling
have been studied among the slide positive mala-
ria cases drawn from different localities and the
normal healthy subjects. The results have been
compared with the levels of specific antibody
determined by the ELISA technique (Dutta et
af., 1982),

MATERIAL AND METHODS

Serum samples from 265 slide positive malaria
patients were obtained from district Shahjahan-
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pur, Mathura, Mirzapoes, Unnao §all in Uttar
Pradesh), Ambala and Karnal (Haryana). Of
rhese, [71 cases suffered from P. falciparum
tnfection, 91 from P. vivax and the remaining 3
nad mixed infection with both the parasites. Sera
rrom 1 H) normal healthy subjects (medical stu-
dentz) were included as control samples in the
study, None of the countrol subjects had any
signs; svmptoms of malaria. All sera were stored
23 =-20°C,

Serum protein clectrophoresis was carried out
ustng celulose-acetale membrane and Beckman
Microszone (R) Electrophoresis system cssen-
tatly accordingto the dircctions of the manufac-
turers, The stained cellulose-acetate membrane
atrips were scanned by means of Beckman scan-
ning densitometer (model R-112}at 520 nm. The
relative concentration of vartous serum protein
iractions were determined as suggested in the
Beckman Microzane Electrophoresis manual
U'ntal proteins were determined according to the
f.owry method.

ODnitative determination of immunoglobulin
g€ Tam and fgM was done by the singl:
sadial immunediffusion techmgue, using Tripar-
figen (R} plates (Hoechst. India). The test was
nerformed according to the instructions of the
manufacturers. Briefly. well [ of cach plate was
tilled with the control serumiS p tyand wells 2to
P2, with S [ of each of the respective test sera.
Far IgA and 1gM, undiluted sera were used but
for I, the sera were diluted 1110 in nermal
waline. The charged plates were incubated a14°C
iy a humid chamber. !he incubation time for
faG and g A was 50 hours and for [gM, 80 hours.,
Ar the end of incubation period, the diameter of
the precipitin ring was measured accurately to
2.1 mm using a calibrated scale and the values in
mg. dl obtained from the “Table of Reference
Values™ supplied by the manulacturers.

MESEEYS

Wverage total serum protum in normat healthy
subjects (Group 1) was tound to he 7.26 £ 113

gm.% while (n slide positive malaria cases
{Group 1), it was 7.79 £0.9302 gm. % (Table !}.
Among | 71 cases of P. falciparum infection, the
average totai scrum protein was 7.18 + (.86
gm.% and among 90 cases of Povivax 1twas8.i4
t .84 gm. %

Relative concentration of various serum protein
fractions among cases of Group | were (% mean
+ SD): albumin, 61.85 £4.5; su-globulin 3,14 &
.822; m-giobu]in: 10,98 1.13: 8-globulin, 3.16
+ 2.06; and Y-globulin, 14.5] * 2.60. The corres-
ponding values obtained among cases of group i
were: albumin, 48.95 £ 3.23, e -globulin, 5.45 %
1.13; co-globulin, 8.96 & 1.26: B-globulin, 12,18
rand ¥-glohulin 24,54 £ 3.82.

The A; G ratio showed decrease from .73 £ 0.41
among group 1100.97 £ (3.133 in Group 11 {Table
I}, Among the cases of mixed infection the A/ G
ratio ohtained was L E200 £ 0.7,

Results ol quantitative determination of various
immunoglobulin classes amang cases of malaria
{n=263) and healthy subjects (n=36) are pres-
»nted in Table 2. Mean concentration of. 1gG in
healthy subjects (graup Dwas 1185 % 16 44 mgt:
1gM, 100.0 £ 3131 mgfpand 1gA. [88.3+27.32
mgtz. The corresponding values for malaria
cases (group il) were 1746 & 154 94 mgf; 163.11
£ 4705 mg% and 19526 t 2245 mg%,
respectively.

Locality wise analysis of the levels of immuno-
globulin classes has shown that in Shaljahan-
pur. Mathura (PHC, Ral and Mani), gl was
tighly elevated as compared to Unnao (Table 3),
On the other hand. serum sampies collected from
Linnao showed higher levels of IgM in compan-
son to other localities. [evels of IgA were not
significantly altered.

DISCLSSION

It was abserved in our stwidv that malaria infec-
tion generally caused a slight increase in the total
serumn protein vatues. However, among P. falcip-
arum cases there was a tendency towards slight
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Table 1. Serum proteins in the conirot subjects and maizria patients

Group Totat Albumin % Globulin {5} Albumin/
serum Globulin
protein m o2 8 ¥ Ratio
(gm/dl)

1 Normal human subjects 7.2600 61.85475% 31403 10.9782 9.1638 14.5121 1.72295
{n =119} +1.1333 45073 +(822 +1.125 +2.0633 +2.606 10,4091
1} Malana patienty 7.187% 4%.9544 5 4484 8903  12.1838 24,5010 0.9720
(n = 265) +0.9302 13.2322 +1.1357 *1.25%0  *2.1750 +3 8237 T L1338
ta) P falciparum
infected persons 71830 48.6691 5. 1678 21008 11,5449 254555 0.9581
{n=FTE) ). 8667 +£3.5704 11640 =L1006 201922 1401784  10.1361
thi P vivaex infected
persons 8147 490641 5.5621 3.9066 1288 241071 0.9751
mn=91 +H) 8494 =3.0354 t1.00d6 +1.3756 +£2.0503 +3.5813 +(3.1222
i¢) f'ersons having both
P, falciparum and
P. vivax infections 8.04 52.6291 5.1811 9.3818  11.6679 21.1351 1.1207
{n=23) +(.0747 +1.8604 061105 13729 +0.85G6 +4.666 +0.(T0L
Values are expressed as Mean = 8D
Tabie 2. Immunogliobuling in the control subjects and malaria patients
Grouwp [pG igA IgM
{mg.4) {mg.%) (mg.%)
N Normal healthy suhjects 118593 188.29 .100.0
{n = 36) 221644 +27.12 +31.31
H Slide positive malaria cases 1746.71 195.26 {6311
(n = 265) +154.94 +22.45 +47.16
Values arg Mean T SID.
Table 3. Locality-wise break-up of Immunoglobulin levels in mrinrin positive cases.
(iroup F lgA IgM
{mg.G) fmg. %) {mg. %)

I8 P.H.C. RAL 1734.15 194.92 141 85
Nistt. Mathura 102,44 *11.53 *19.2306
{n = 40)

n PH.C. MANT |7%4.19 189 .49 170,70
hstt. Mathura +266.12 3717 +55.98
in =84y

i P.HC KALAN 1 706.35 193.9¢ 160.61
Shahjahanpur =170.14 +34.37 *41.01
in = 54}

4 shaktinagar, 1 780.40 199.05 155.99
st Mirzapur *166.82 1i8.69 +43.76
n=30

A F.HC PURWA 1538.33 196.32 18583
Distr. Unnao 1.3 *16.83 +32.41
{n=18§)

& [isit. Ambala 1907.37 189.61 170.15
= 1Y) +i23.20 +I1834 +87.40

, Dyisre, Karnal 177620 203.17 153,66
in =20 +214 55 2822 +55.29

Values are Mean  SD.
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dechine o inese values, while in Povivax there was
&0 increase,

The rise in on-globukin and y-globulin, and a
decrease in albumin and az-globulin observed in
our study are very characteristic of malaria infee-
tion as has been reported earlier also by Migas-
cna el al. (1978), Lunn et al. {1966) and Mousa et
af. (1972). In our study, a significant increase in
A-globulin was recorded among the malaria
wases. Similar observations were made by Abele
w4 al. (1965} in human subjects and by Desowitz
vi af. (1968) among rhesus monkeys infected with
P cogrneri. Migasena er al. (1978), however,
reparted intermittent decrcase in B-globulin
traciion during malaria infection.

A signilicant increase in the levels of [gG and
igM was observed among malaria cases in the
present study. This is In accordance with the
results reported by McGregor ef al. (1970} and
Voller er al. {1971). Ganguly ef ol (1980) who
studied cases of early infection with P.vivax also
teported elevated levels of 1gG in T4% cases and
1M in 8695 cases, It has been suggested that the
‘evels of IgM initially rise and then decline.
£hiher workers have also reporied an extensive
vise in Ig( jevels which continued to persist
beyond the more transient [gM (McGregoreral,
i970; Bruce-Chwatt, 1970).

Locality wise analysis of the levels of different
immunoglobulin classes showed that there was
an elevation in the 1gM levels among cases from
Unnao while in other localities anincrease in 1gG
ievels was observed. This finding suggests that
Linnao represents a recent focus of malaria. This
15 further corroborated by the results obtained
with the ELISA test for specific antibody (Dutta
et al, 1982). In the ELISA test, relatively lower
extinction values (Ess2) were obtained among
cases from Unnao (0.115 £ 0.047) suggesting
lower degree of exposure to infection than
among cases (rom Shahjahanpur (0.168 + 0.042)
and Mathura {0.144 + (0.046) which represented
areas of long standing malaria infection.

ft 3 felt that ELISA test complemented with
Jquantitative determination of immunoglobulin

classes will be a useful ool for delineating areas
of early and long standing malaria infection.
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Studies on the True Incidence of Malaria in Kharkhoda
(District Sonepat, Haryana) and Kichha {District Nainital,

U.P.) Primary Health Centres

VP SHARMAS D5 CHOUDHLRY. M A ANSARP M8 MALROTRAY, P.K.B. MENON

RK, RAZDAN! ang C.P. BATRA!

Intensive sueveilianee revealed thatl makana neideoce was otremely high in Kichha and K harkhoda PHCs.
The study also revealed that NMEP's surveiilanee was recording a small number of malaria cases. and that
the ongoing surveillance was missing he vivax and falriparum malaria peaks and was not sensitive enough
w revezt the real effect af spraying. The study was useful in organizing malaria contro! aperations in
Kharkhoda PHC and pointed out than snwall Tncus of fal-iparum malaria should be stamped out from
Kichha PHC. The importance of heter surveillance is emphasived in the prescnt day context of malaria

control,

INTRODUCTION

The true epidemiological picture of malaria
reyuired for planning and execution of malaria
control operations, and to obtain feedback of
the effect of intervention methads, Therefore,
correct monitoring of the disease incidence 1
important for {1} the suceess of control opera-
tinns, (i} incorporating timely corrective mea-
surcs. and (iii) tackling the epidemics. A few
methods have been discussed that can be used to
estimate the total incidence of malaria, and
development of these methods would be usefulin
malaria control (Sharma. 1980).

in the National Malaria Eradication Programme
(NMEPY malaria cases are detected through a
surveitlance system. At the peripheral level. a
multipurpose worker {MPW) scheme was intro-
duced under the modified plan of operations
t MPO). The MPW was responsible for a varicty
of health activitics in a population of 10,000

Vecepured foor pabdteanen §1 May 1943
nalaria Rescarch Cenrre (ICMRY.

1} Sham Nath Marg,

[efhi- [ 10554

tnow reduced to 7.000). Inter afia he is supposed
to make house to house visits ineach village at an
interval of 2 weeks and coilect blood smears from
fever cases. Blood smears are also collected by
the  dispensaries,  hospitals, fever treatment
Jdepots (F11s) and occasionally mass blood sur-
seys are also done. All these blood smears are
cxamined under the microscape and slides found
positive for malaria parasite represent the mala-
ria positive cases. This information is also used in
valculating various cpidemiological indices viz.,
annual blood examination rate (ABER) which is
the annual collection of blood smears from fever
cases targetted to 105 of the population, shide
positivity rate (SPR) represents the proportion
of malaria parasite positive slides, slide falcipa-
rienr rate (SfR) represents the proportion of
slides found positive for P. falciparum, and
annual parasite incidence (APD) i.e.. the number
of malaria parasite positive cases per thousand
popuiation in one year. AP reflects the total
yuanium of malaria parasite load in the com-
munity. Thiy index is used to monitor malaria
situation n the country, and therefore, APLis the
sheet anchor of decision making. It is understood
that the effectivencss of various types of surveil-
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tance activities differs, being influenced by a
nuamber of factors such as the level of transmis-
sion, behaviour of population and motivation of
ibe MPW. As a result, the ongoing surveillance
does not provide true epidemiological picture,
and the degree of error remains unknown. For
this reason opinion regarding the total incidence
af malaria varies considerably. Indian Drug
Manufacturers Association (1981) estimated 2%
malaria cases (12 million) in 1975, and 39 (20
million cases) in 1980, and the incidence would
{urther rise to 5% leve! until 1990, whereas the
recorded incidence of malaria in India was 5.16
million in 1975 and 2.89 million in 1980, In view
of this situation, a study was initiated to obtaina
realistic assessment of malaria incidence in 2
primary health centres {(PHCs} and compare
these results with the routine NMEP's surveil-
jance. Resulits of one year study are reported in
this paper,

MATERIAL AN} METHODS

Yhe study was carried out in 2 PHCs. These
PHCs were selected randomly without any con-
sideration of the previaus history of malaria, For
aperational ease and adequate supervision,
kKichha PRC was taken up near the field station
in Haldwani and Kharkhoda PHC near the
MRC, HQ's Office in Dethi. The population of
zach PHC was about 100,000. Since it was not
possible to cover the entire PHC in one month, it
was decided that a group of viliages of about
8,000 population ineach PHC would betakenup
zvery month for the study. Each PHC wasthere-
tore, divided into 12 sections. Every month, one
section was surveyed and the teams moved to the
second section in the next month and this proce-
dure continued until the entire PHC was covered
in one year. In these villages, the foilowing activi-
ties were carried out (i) listing of all houses,
aumbering and census of population age and sex
wise (ii} blood smears were prepared from all
fever cases and cases with the history of fever

which have been referred 10 as febrile cases. Al

tever cases were given chloroquine presumptive
treatment. (iil) one round of mass blood survey

to cover 25% population {every fourth house} to
ascertain the proportion of afebrile “inappar-
ent” malaria cases. Al blood simears were stained
with JSB and examined in a central laboratory at
the MRC. Work staried in March 198] and con-

tinued till February [982.

RESULTS

t. KICHHA PHC : Sectionwise results of MRC
and NMEP are given in Table 1. A rotal of
97,183 population was examined in 12 sections
of the PHC, Monthly (ever rate varied from 5%
to 209, highest being in September (19.8%%).
Sirnilarly SPR varied from 3.5% 10 38.0%, high-
st being in September. Most of the malaria was
the result of P. vivax infection. Malaria cases per
thousand popuiation have been shown in Fig. 1.
It was revealed that malaria peaks were abserved
in April, July and September followed by sudden
drop in October and further drop during the
winter months. The incidence of falciparum
malaria was very low so that during one year
period of febrile surveys., only 23 cases were
found which included 3 mixed infections. Mala-
ria cases detected through the mass blood sur-
vevs are given in Table 2, and cases per thousand
population have been shown in Fig. 2. A total of
22,384 population was examined in 12 sections.
There were 451 malaria parasité positive cases, of
which |3 cases were of falciparum malaria. The
proportion of afebrile or inapparent malaria
cases were Jow throughout except during the
winter months (see Fig. 2). A comparison of the
actual malaria cases detected during active sur-
veillance in each section by the MRCand NMEP
revealed that NMEP was missing most of the
cases (Fig. 3}, including a small focus of P. falcip-
arum (Tabie t). It may be noted that the average
SPR of 12 sections tecorded hy the MRC was
221 whereas NMEP recorded 4.7. NMEP was
therefore, also missing a large number of positive
slides during the microscopical examination. It is
also noteworthy that during 1980-1981 and 1981-
82 NMEP found 76 and 63 malaria cases respec-
tively and no case of falciparum malaria was
recorded, suggesting that NMEP's surveillance
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in this grea was collecting stides from a fraction
of the febrile population. In the same populatlon
during 1981-82 MRC found 1784 malaria cases,
of which 1761 were P. vivax, 20 P. falciparum
and 3 mixed infections (Table 1),

I KHARKHODA PHC: Sectionwise results of
the active sarveiliance of MRC and NMEP are
giveh in Table!3 and cases per thousand popula-
tion have been shown in Fig. 4. A total of 91,806
population was examined in 12 sections of the
PHC. Monthly fever rate varied from 6% to 42%,
highest being in August (42.3%). Similarly SPR
varied from 4% to 68%, the highest being in
November, Malaria in this PHC was the result of
P, vivax and P. falciparum infections, It was
revealed that vivar majaria cases start increasing
from March showing peaks in May and August
followed by a gradual decline. Incidence of fal-
ciparum malariz was very low from March to
May and slowly started increasing in the follow-
ing months peaking in October followed by a
declining trend. Even during extreme winters in
January the incidence was quite high and
Jeclined during February and March. Results of
mass hlood surveys are given in Table 4 and
cuses per thousand population have been shown
in Fig. 5. A total of 19,119 populaiion was exam-
ined in 12 sections of the PHC in one year. There
were 2,375 -malaria cases (632 P. vivax, 1.772 A.

Jalciparum and 22 mixed infection). ft was

revealed that vivax cases started increasing from
March peaking in July followed by a gradual
decline in the {ollowing months. Incidence of
fafciparum malaria increased from March on-
wutds followed by a sudden spurt in September
peaking in November. This was followed by a
decline but the proportion of faleiparum cases
remained quice high even in February. Vivaxand

Julciparum cases per thousand population have

been shown in Table §. The study revealed that
the total parasite load in the community was
extremely high even during the winter months. A
cumpanson of the actual malaria cases detected
auring active surveillance in each section by the
MRC and NMEP reveated that NMEP was
missing most of the cases {Table 3 & Fig. 6). 1t
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Fig. 3. Kichha PHC: Histogram showing sechonwise actual number of malania cases in febriie population
recorded by the MRC and NMEP independently. Note the discrepancy in data collected by thetwo
agencies.
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was extremely high incidence of inapparent malaria cases in this PHC campared to Kichha PHC (see
Fig. 2).
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may be noted that the SPR recorded by MRC in
12 sections was quite high compared to the SPR
recorded by NMEP (Table 3). NMEP was there-
fore, missing a large number of vivax and falcip-
arum positive slides during microscopical
examination. It may also be pointed out that
during 1981-82 NMEP recorded [83 malaria
cases (103 Pv + 80 Pf) as against 7,117 (2,104
Pv+4,971 Pf+42 Py+Pf) recorded by the MRC
suggesting that NMEP's surveillance in this area
was coflecting slides, only from a fraction of the
febrile population.

DISCUSSION

The spectacular success of malaria conirol/erad-
ication under NMEP resulted in the near eradi-
cation of malaria from the country and there
were about 100,000 cases in 1965, The eradica-
tion strategy was divided into the preparatory,
attack, consolidation and maintenance phases. Jt
was envisaged that as a result of insecticidal
spraying dufing the attack pliase transmission
would be interrupted, and areas with 0.5 APl would
move into the consolidation phase. The monitar-
ing of malaria therefore reguired a more sensitive
index like the API through intensive-surveil-
iance. Resurgence of malaria started in late 1960s
and continued unabated. In 1976, the highest
incidence of 6.4 million cases were recorded. A
revised strategy of malaria control known as the
modified plan of operation {MPO) was imple-
mented by the NMEP in 1977 (Pattanayak and
Roy, 1980). As per the NMEP data, malaria
incidence started declining every year and min-
imum number of cases {i.e. 2.1 million) were
recorded in [982. Under the MPO it was envis-
aged to spray areas with 2 or more AP} with
residual insecticides, and distribute the antima-
{ariafs freely throughout the length and breadth
of the country, Therefore, under the MPQ, AP
continued to be the epidemiological index for the
monitoring of malaria. In many areas of the
country where adequate quantities of insecti-
cides to cover all areas with 2 or more AP] were
not available, spraying priorities were fixed on

the basis of API. With this background, it was
considered important to understand the reliabil-
ity of AP}, although it may be noted that in many
areas of the country, spleen enlargements are
now commoniy seen, and spleen surveys alone
can easily reveal malaria situation at a much
faster rate as was doneina recent study in Ghazi-
abad (Uprety et al., 1982).

A comparison of the incidence of malaria in 2
PHCs, as recorded by the NMEP and MRC
independently. at the same time in the same pop-
ulation, revealed that NMEP's surveillance was
recording only a fraction of the total incidence of
malaria, and parasite positive slides were being
missed during the microscopical examination.

NMEP's surveillance was therefore, not provid-
ing dependable information on the incidence of
malaria, at least in the investigation areas (see
Tables ! & 3, Figs. 3 & 6). The studyalso revealed
the continuity of uninterrupted transmission and
that either the control measures were not applied
or were not effective. [t may however be pointed
out that MRC's surveiliance was very intensive
and was carried out on daily basis to see that no
case of malaria was missed. as against the
NMEP, where slide collection from fever cases
was carried out at an interval of 2 weeks by one

person in a population of about 10,000. Also,
mass-blood surveys under NMEP are done under
special circumstances and not on rautine basis,
But the study revealed that the cases detected
through mass blood surveys of the afebrile popu-
lation alone constituted a heavy parasite load in
the community. These cases of “inapparent
malaria™ are epidemiologically important. It
may however be pointed out that the discrepancy
recorded in this study may not be used in extrap-
olating malaria incidence in ather areas, as the
malaria situation and also the performance of
surveillance workers would vary considerably
from one region to another.

The impartance of the study was underscored by
the fact that NMEP's surveillance was not
revealing the seasonal peaks of vivex and falcipa-
rum malaria in the community, as was obtained .
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Tabke 5. Resulty of the MRC Surveys of Malaris cases per thousand popoiation in Kharkhoda PHC

Section Month Active case detection (febrile cases) Mass Blood surveys

No. Pv Pr Total Pv Pf Total
i. March 1.9 0.54 2.4 24 9.6 11.4
2. April 13.7 [.2 149 76 6.8 4.3
3. May 430 5.5 416 529 15 S8.9
4. Jupe 42.8 i2.9 54.9 9.9 98 96.7
5. July 9.7 214 59.9 78.1 7.8 1134
6. August 66,1 94.5 160.4 68.2 179 BS54
7. September 45.1 144.6 189.1 45.3 176.2 2235
3. October 14.5 176.6 190.5 30.5 228.0 256.4
9. November 44 1431 (47.2 200 307.5 3276
10, December 49 1t.4 1131 2.7 255.2 %679
1. January 9.2 47.2 56.4 15.4 1528 192.5
12. February 3.6 .y 15.3 9.1 88.9 98.0

by the MRC (Figs. | & 4). Information on the
timing of seasonal peaks was required fororgan-
izing spray operations and for adoptinga correct
drug treatment policy. The laboratory services
also needéd toning up. The study also showed
that in Kichha PHC, the incidence of faiciparum
malaria was low, and that this was the most
opportune time to eradicate this small focus or
else the region may revert back to the hyperen-
demic conditions with high proportion of falcip-
arum wmalaria. In fact this apprehension was
confirmed in the following year (1982-83). In an
adjoining area (Gadarpur PHC) investigations
revealed an outbreak of falciparum malariz, and
the transmission was so intense that it was com-
parable to the pre-eradication days of malaria
endemicity (MRC Annua) Report, 1982).

In Kharkhoda PHC, P. falciparum outbreak was
quite serious and required immediate control
measures. This information was used by NMEP,

and the study villages were sprayed with mala-
thion in 1982, There was drastic reduction in
Anopheles culicifacies populations and the inci-
dence of malaria.

The study also revealed that the NMEP’s surveil-

" fance was recording a limited pumber of malaria

cases, regardless of the total number of cases in
the community. The surveillance was therefore,
not sensitive enough to reveal the real effect of
intervention methods or any fault/defect in
spraying. Such a monitoring system may mislead
the control strategy, and suggest a change of
insecticide. In a recent study improved surveil-
lance and coverage was utilized to demonstrate
the epidemiological impact of DDT spraying in
villapes with DDT resistant A. culicifacies
(Sharma et al., 1982}, [t may be noted that deci-
sion to change the insecticide is expensive.
Ypraying <ost to cover | million population is
Rs. 14.0! lakhs for DDT, Rs. 28.02 lakhs for
HCH and Rs. 177.02 lakhs for malathion and
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spraying cost of some newer insecticides is many
times more, Aiso the number of replacement
insecticides are limited. Therefore for economic
considerations, and the fact that there are limited
number of replacement insecticides, the useful
life of the DDT,"HCH and malaghion should be
extended, and to meet this objective surveillance
should be tightened to provide correct picture of
the disease,
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Morphological Variations in a Natural Population of
Anopheles vagus Donitz (1902) Collected from

Andaman Islands

B.N. NAGPAL! and V.P. SHARMA!

About 1,000 mosyuitocs were collecied from Andaman islands during a fauna survey in January-
February, 1982. OF thesc 8029 were Anopheles vagus. This was also the dominant species during this
period. A 1otal of 366 Anopheles vagus showed variations in palpi, proboscis, wings and abdomen.

INTRODUCTION

There are some records of Indian Anophelines
showing morphological variations from the type
form. Few of these were first recorded by Chris-
tophers (1933). Ramakrishna (1954} and Rah-
man ef al. (1960) observed an extra dark band on
the palpr of female A. fluviatilis. Subramanian
and Nagendra (1955) observed an extra dark
band on.the palpi of A. subpictus and A. palli-
dus. Bhatnagar et al. {1958) observed hypome-
tanic forms of A. paflidus and incomplete
development of sixth wing vein in the colonized
specimens of A. stephensi stephensi. Rajagopal
and Chakraborty (1960} recorded variation in
the palpi, hind tarsi and wings of A. annularis.
Wattal et al. (1960) recorded a number of mor-
phological variations in twenty species ol Indian
Anophelines from the reference collections of
NICD. During & study tour, mosquitoes were
collected from Andaman islands. Among these
A. vagus collections had a Jarge number of mos-
quitoes with morphological variations which
have been described in this paper.

Accepted for publication: 27 May 1983

‘Malaria Research Centre

22 Sham Nath Marg,
Delhi-110054.

MATERIAL AND METHODS

An extensive and intensive mosquito fauna sur-
veys were conducted in 1982 (Jan-Feb) in South,
Middle and Noarth Andaman Islands. Adult col-
lections were made from both indoors and out-
door using the suction tube method. In certain
structures adult collection were made using the
pryrethrum space spraying. Larval collections
were made from creeks, ponds and pools in both
forest and plain areas using a dipper. Larvae
were held in field lzboratory until adult emer-
pence, Adults were killed with ether and packed
in cellophene papers. About 11,000 mosquitoes
were collected from 22 villages. They were bro-
ught to Malaria Research Centre, Delhi for identi-
fication and further analysis. ldentification of
the Anophelines was done according to Christo-
phers (1913},

RESULTS AND DISCUSSION

About 11,000 mosquitoes collected, 8,629 were
found to be A. vagus. A total of 366 (4.55%)
adult specimens collected of A. vagus showing
morphological abnormalities. Maximum varia-
tions were found in the palpi i.e., I8 variations
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were observed in their banding pattern and in
their sizes in 213 specimens. [t was noted that
colour of the palpi was blacker in the variant
types. 124 specimens were observed with 5 types
of variations in the proboscis and of these one
specimen had two proboscis. Occurrence of two
proboscis in one specimen is most unusual and
this is the first record of its kind in any mosquito
species examined. I8 specimens were observed
with six types of variations in the wings. Eleven
specimens had golden thorax and abdomen.
Details of the site of collection, morphological
variations and the number of specimens etc. are
given in Table 1 and shown in Figures 1-3),

Al the abnormal specimens have been preserved
in the taxonomy section of Malaria Research
Centre for future reference,

Variations were observed in mosquitoes col-
lected from sl the three islands i.e. from South,
Middle and North Andaman and there was no
specific trend of variations found due 10 geogra-
phical locations. Mostly variations. were

observed in female specimens, but two male
specimens were also observed with variations in
their wings and abdomen. Majority of the var-
tants in A. vagus population were from cattle
biting collections carried out in the evenings
(5.30 p.m.—7.30 p.m.) and out door resting hab-
itats from all the three islands. Studies on mot-
phological variations are important for species
identification and to understand the process of
speciation. Occurrence of variations in about
4.5% A. vagus population in one survey indi-
cated the need of more intensive and extensive
mosquito fauna surveys to record such varia-
tions in other anophelines,

A. vagus is a secondary vector in Vietnam (Phan
Vu thi, personal communication) baut in India it
is not a recognized vectos, although Strickland et
al. (1933) found two sporozoite positive mosqui-
toes from Terai and Russel er 4. {1939) found
one sporozoite positive mosquito from south
east India, Studies on vector incrimination in
different geographic regions of the country are
mdicated.

Table 1. Record of morphological variations In Anopheles vagus

Serinl Number of
Number, Date of Site (village) of Collection specimens  Notes on variation from the type form*
of Collection collected :
variations from zach
village
f 2 3 4 5
variations in palpi
e
t 16.02.82 |. Sipighat, South Andaman 1 A continuous row of pale scales present
on the basal and middle dark band of
both the paipi, Fig. 2.
2 200182 | Wondoor, South Andaman 1 An extra dark band on the apical
280182 2. Tugapur, North Andaman 2 pale band of onc of the palpi.
31.01.82 3. Billyground, Middie Andeman I tota! apecimens 7, Fig. 3.
16.02.82 4. Sipighat, South Andaman 1
210282 5. Chiriatapu, South Andaman H
26.02.82 6. Sipighat, South Andaman {
3 1761.82 1. Sholbay, South Andaman I Apical pale band is compictely
05.02.82 2. Sipighat, South Andaman f biack in one of the palpi, total

26,0282 3. Sipighat, South Andaman

1 speamens 3, Fig. 4,

*Type Form paipus—size of the apical pale band 0.40mm and preapical dark band 0.12mm Fig. 1.
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I 2 3 4 5
4 17.01.82 1. Sholbay, South Andaman 2 One of the paipi 1.3X as long as the
19.01.82 2. Collinpur, South Andaman i ather, total specimens 16, Fig 5.
2001.82 3, Wondoor, South Andaman 3
210182 4, Bimbalitan, South Andaman l
31.01.82 5. Billyground, Middle Andaman 4
18.02.82 6. Saitankhari, South Andaman . 1
20.02.82 7. Shelbay, South Andaman 3
5 14.01.82 1. Sipighat, South Andaman I One of the palpi. 1.6X as long as the
18,01.82 2. Sipighat, South Andaman I other, total specimens 3, Fig. 6.
200182 3. Wondoor, South Andaman {
[ 31.01.82 1. Billyground, Middle Andaman | Apical pale band of the palpi with a
01.02.82 2. Utara, Middie Andaman [ continnous row of biack scales, total
010282 3. Kadamthzla, Middle Andaman l specimens 4, Fig. 7.
23.02.82 4. Sipighat, South Andaman |
7 05.02.82 1, Sipighai, South Andaman l Apical and preapical pale bands of
both the palpi dark in front, but with
norma! banding pattern below, Fig. B.
8 06.02.82 ). Jangalighat, South Andaman 1 Preapical pale band increases, 0.46X
as long as he apica! pale band, Fig. 9.
9 14.01.82 L. Sipighat, South Andaman 1 Apical pale band reduced to haif of the
19.01.82 2. Collinpur, South Andaman 2 usual length, total specimens 14, Fig. 10.
21.0t.82 1. Bimbalitdin, South Andaman |
23.01.82 4. Miletilak, South Andaman |
31.01:82 5 Billyground, Middle Andaman 2
06.02.82 6. Jangalighat, South Andaman 2
16.02.82 7. Sipighat, South Andaman 2
180282 8. Saitankhar, South Andaman 2
220282 9. Chiristapu, South Andaman i
10 05.02.82 1, Sipighat, Scuth Andaman 1 Basa! dark band of one of the palpi
16.02.82 2. Sipighat, South Andaman bushy, preapical dark band abeent on
: both the palpi, total specimens 2,
Fig. 11.
i1 01.0%.82 |. Kadamthala, Middle Andaman | Basal dark band of both the palpi
05.02.82 2, Sipighat, South Andaman l bushy, preapical dark band absent on
06.02.82 3. Jangalighat, South Andaman . t both the palpi, total specimens 4,
160282 4. Sipighat. South Andaman | Fig. 12
I2 31.01.82 ). Biilyground, Middle Andaman 1 The tip of apical pale band of one of
the palpi black, Fig. 13.
13 13.01.82 1. Chiriatapu, South Andaman 1 Palpi reduced, 0.76X as long a5 the
19.04.82 2. Collinpur, South Andaman 2 proboscis, total specimens 7, Fig. 14.
31.00.82 3. Biliyground, Middle Andaman 2
16.02.82 4. Sipighat, South Andaman [
18.62.82 5. Seitankhari, South Andaman 1
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] 2 3 4 5

i4 18.01.82 1. Sipighat, South Andaman 1 Preapical dark bapd absent in onc of
19.01.82 2. Collinpur, South Andaman 1 the palpi, towl specimens B, Fig. 15,
20.01.82 1. Wondoor, South Andaman 1
310182 4 Billyground, Middle Andaman 1
18.062.R2 5. Saitankhari, South Andaman 2
W.0282 6. Sholbay, Scuth Andaman i
230282 7. Sipighat, Souvth Andaman b

15 05.02.82 1. Sipighat, South Andaman 1 Middle dark band with a continizous
16.02.82 2. Sipighat. South Andaman 2 raw of pale scales, total specimens 6,
18.02.82 3. Saitankhar, South Andaman | Fig. 16.
23.02.82 4. Sipighat, South Andaman 2

H 120182 1. Bimbalitan, South Andaman | Preapical dark band reduced, apical
13.01.82 2. Chiriatapu, South Andaman 1 pale band (6.0-10.0)X as Jong ay the
14.08.82 3. Sipighat, South Andaman ] preapical dark band (aiso Wattal e al.,
15.01.32 4. Saitankhari, South Andaman 4 1960), tatal specimens 72, Fig. 17
17.01.82 5. Sholbay, Sputh Andaman 9
18,01.82 6. Sipighat, South Andaman 9
19.0182 7. Coilinpur, South Andaman [}
28.08.82 8. Tugapur, North Andaman |
30.01.82 9. Bakultata, Middle Andaman 2
31.00.82 10, Nimbuderz, Middle Andaman 3
11.01.82 !i. Biflyground, Middle Andaman 2
91.02.82 12, Kadamthala, Middle Andaman 1
16,02.82 13, Sipighat, South Andaman 7
i%.02.82 14, Saitankhari, Somh Andaman 5
20,0282 15, Sholbay, South Andaman 5
220282 16 Chirietapu, South Andaman 1
1310282 17 Sipighat, South Andaman ?

17 13.00.82 ). Chinatapo, South Apdaman i Preapical dark band absent in both
14.01.82 2. Sipighat, South Andaman 5 the palpi falso Wattal er al., 1960).
1701.82 3. Sholbay, South Andaman 5 total specimens 57, Fig. {8,
18.01.82 4. Sipighat, South Andaman 1
19.01.82 5. Collinpur, South Andaman 9
20.01.82 6 Wondoor. South Andaman B
28.01.82 7. Tugapur, North Andaman 4
30182 ¥ Bilyground. Middle Andaman 5
0182 9. Nimbudera, Middle Andaman 5
01.02.82 tD. Kadamthala, Middle Andaman 2
16.02.82 11, Sipighat, South Andaman 3
18.02.82 |2. Saitankhari, South Andaman 3
220382 13, Chiriatapu, South Andaman 1
23.02.82 4. Sipighat, South Andaman 4

I8 1401.82 1. Sipighat, South Andaman H Preapical dark band increases, apical
15.01.82 2. Saitankhari, South Andaman 1 pale band 2.4X as long as the pre-
280182 3. Tugapur, North Andaman | apical dark band, total specimens 6,
160282 4, Sipighat, South Andaman l Fig. 19,
23.02.82 5. Sipighat, South Andaman |
26,0282 b Sipighat, Sowmh Andaman !
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i 2 3 4 5
variations in proboscis
i9 140182 1. Sipighat, South Andaman 1 Proboscis longer, J.15X as long as
the palpi, Fig 20.
20 14.01.82 L. Sipighal, South Andaman 1 With one extra proboscis, Fig. 21.
21 18.01.82 |, Sipighat, South Andaman 1 Apical half of the proboscis
01,0282 2. Kadamthala, Middle Andaman 1 flavescent, total specimens 3, Fig. 22.
22.02.82 3. Chiratapu, South Andaman !
22 12.01,82 1. Bimbalitan, South Andaman 7 Cup shaped proboscis, total specimens
13.01.82 2. Chiriatapu, South Andaman 1 118, Fig. 23.
14.01.82 3, Sipighat, South Andaman 24
j7.0L82 4, Sholbay, South Andaman 19
i8.01.82 5 Sipighat, South Apdaman 23
19.01.82 6. Collinpur, Sounth Andaman 5
200182 7. Wondoor, South Andaman 4
21.01.82 8, Sipighal, South Andaman 25
28.01.82 9. Tugapur, North Andaman 2
310182  10. Nimbudera, Middie Andaman 2
L) 23.01.82 1. Miletilak, Somh Andaman | Probascin flavescent in front,
Fig. 24.
variations in wing
24 15.05.82 1. Saitapkhari, South Andaman I Fringe spol at wing vein 5.2 and 6 and
230182 2. Miletilak, South Andaman ! between 5.2 and 6 absent in boih the
wings, total apecimens 2, Fig 26.
25 i401.82 |, Sipighet, South Andaman 2 Fringe spot between wing vein 5.2 and 6
17.01.82 2. Sholbay, South Andaman 1 absent in one wing, total apecimens 4,
21.01.82 3. Bimbalitan, South Apdaman i Fig. 2.
pi 17.0L.82 |, Sholbay, South Andaman 1 Wings with a continuous fringe spot
260282 2. Sipighat,-South Andaman I from wing vein 5.2 to 6, total specimens
2, Fig 28.
27 140182 1. Sipighat, South Andaman b Wings with an extra black spot onwing
17.01.82 2, Sholbay, Sowmh Andaman 3 vein I, total specimens 5, Fig 29.
20.01.82 3. Wondoor, South Andaman i
28 14.01.82 1. Sipighat, Souwth Andamzn 1 Dark spot at the base of wing wein
17.01.82 2. Sholbay, South Andaman 1 5.1 absent, total specimem 2, Fig. 30.
19 12.001.82 |, Bimbalitan, South Andaman I Inner costa of both the wings completcly
18.01.82 2. Sipighat, South Andagman ) dark, total specimens 3, Fig. 31.
20.02.82 1. Sholbay, South Andaman ]
» 17.01.82  I. Shetbay, Sowth Andaman 6 Haits and scale & of thorax
18.01.82 2. Sipighat, South Andaman ( and abdomen golden in colour,
18.02.82 3. Saitankharn, South Andaman I Total specimens 11,
20.0282 4. Sholbay, South Andaman 3
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Fig. }-8. Morphological variations in the palpi of A. vagus.
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Fi1g. 9-16. Morphological variations in the palpi ol A. vagus.
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Fig. 1 7-24. Marphological variations in tne paipi and proboscis of A, vegus.
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25

g 25-31. Morphological vanations in the wings of o, weges.
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Chromosomal Translocations and Semisterility in the
Malaria Vector Anopheles fluviatilis James

N.J. SHETTY!

Two malie-linked 2nd four putusomat aberrutions were isolated after exposure to X-rays in the malaria
vector Anopheles fluviatitis, James. 3000 rads was found to be the optimal dose for producing a larger
number of iransiocations. A method is suggested for abtaining highly fertile females through selective
inbreeding for 5-6 generations. The probable use of (hese translacations in a future genetic control
programme of the vector is considerad. 1n addition, it is presumed 1hat these translocations would be the
materigl of choice for studying linkage groups and chromosome corrclations.

INTRODUCTION

Inherited semisterility due to translocations has
long been suggested as possibie means for con-
trol or eradication of insect pests (Serebrovskii,
1949; Laven, 1968; Curtis, 1968; Raiand Asman,
1968 Wagoner ef al., 1969). Searching for natu-
rally occurring translocations in wild popula-
tions 15 time consuming since the incidence is
rare. Alternatively, the other choice is to induce
chromosomal translocations.

Among anophelines Anopheles fluviatilis James
is an important malaria vector in India and in
some parts of the eastern Oriental region. This
paper describes X-ray induced reciprocal trans-
locations in A. fluviatilis, isolation, nature and
maintenance of translocations and also the
implied application of such translocations in
genetic control of the vector.

MATERIAL AND METHODS

A. fluviatifis stock used in the present study was
obtained from the National Institute of Com-

Accepred jor publication: 2 June, 1983

ermanent address

Department of Zoolegy and Centre for Appliecd Gepeties,
Bangulore University, Bangalore 560 056 {Indix)

municable Diseases, Mettupalivam {Tamil
Nadu), India. The mosquitoes were reared at
25°C with a photoperiod of 14 hours light and
relative humidity of 70%. The colonies were
maintained in 3¢ X 30X 30 cm cages. Single pair
matings were only partially successful in A. fluvi-
atifis; therefore, mass matings were made in 30X
15 X 30 em cages. Females were blood-fed on
mice. For digestion of blood 72-80 hours were
allowed and the gravid females were isolated
individually in 2 X 9:5 cm shell vials with water
and filter paper lining for egg deposition. The
larvae were reared in white enamel pans {15 X 30
cm) containing tap water and were fed on liver
powder. Aduls were provided with 109 sucrose
solution,

In order ta eliminate the recessive lethals or ste-
rile genes, if any. in the laberatory populations,
about 50 gravid females were randomly selected
{from the population cages and were isolated
individually in separate vials {or egg laying.
Females giving the highest haichable eggs were
sclected for further inbreeding. The process of
sefection and inbreeding was continued for 6
generations in order to increase the fertility rate.
Stocks with high fertility rate were used for mass
mating with males exposed to X-rays for study-
ing the advent of reciprocal translocations.
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Males 2-3 days after emergence from the pupae
of the parent generation (P) were irradiated with
X-rays of 500 rads, 1000 rads, 2000 rads, 2500
rads, 3000 rads, 4000 rads, 5000 rads and 6000
rads of X-rays, In order to estimate the optimum
dose of the mutagen and also to find out the
incidence of translocations. the X-ray exposed
males were immediately mass mated with virgin
females of the same age. The total number of
eggs laid and the number of hatched larvae were
recorded and the percentage of induced sterility
{dominant lethakity) was calculated. Surviving
offspring {F) from the crosses of both sexes were
again outcrossed to normal individuals monitor-
ing the fertility rate. Any reduction therefore, in
the number of F: offspring from these crosses
(semnisterility) indicated the production of a
translocation or of a pericentric inversion in the
parental males. Reduced fertility was used as a
marker for the recognition of transiocations.

Maintenance of Y-autosomaltransjocation(TY)
is easy. No selection is necessary in such a stock
because the semisterility is inherited only
through the males whereas all sister females were
normal. In autosome-autosorne translocations
(Ta) the semisterility is inherited through both
the sexes. Either a few males or a few females
were selected from the families showing reduced
hatchability (semisterility) and outcrossed to the
wild type mosquitoes in each generation. X-
autosome translocations were not observed in
the investigation.

RESLULTS

After obtaining some basic data on percentage
fertility (induced sterility} at various doses of
X-rays, a dosage of 3000 rads was chosen 45 an
optimum dose for the production ol transtoca-
vons in A. fluviatilis of the 61 ¥\ progeny tested
51 showed semisterility {Fig. 1). As semisterility
is an indication of a possibie chromosomal aber-
ration, the per cent sterilily was calculated which
varied from 10-90%. Among these 6 lines which
showed more than 409 sterility were selected for
further study (Table 1) and the rest discarded. En

arder to verify genetically the nature of chromo-
soma!l aberration, such offspring were out-
crossed for 2-3 more generations to confirm
whether they were sex-linked or autosemal. [t
was found that in lines 5 and 11, the semisterility
was inherited only through the males whereas all
the sister femalfes were normal and itis concluded
that exchange had occurred between an auto-
some and the Y chromosome. All males in these

lines showed constant levels of semisterility for

seven generations. Because of this fact, these
transiocations are considered suitable for a field
release study. In lines 19, 6, 13 and 35 the semi-
sterility was inherited through a proportion of
both sexes suggesting a translocation between two
autosomes or a translocation between X-
chromosome and an gautosome or a pericentric
inversion on X-or autosome. Experiments
devised to test the vigbility and maimenance of
translocations in these & selected lines, main-
tained in heterozygous condition, revealed that
the degree of sterility and its variability was con-
stant for seven gencrations. Table | lists the
degree of variability with respect to semisterility
for each of these lines. The fertility of transloca-
tion . heterozygotes theoretically averaged
around 500 which s just about the figure for
most translocations in insect pests.

DISCUSSION

Based on the dose-response dala, it is suggested
that an X-ray dose of 3.000 rads can be used for
generating maximum translocations leading to
sermisterility in A. fluviarilis.

It is mandatory that the femalgs seleeted for mass
mating with X-ray exposed males be highly fer-
tile as indicated by egg hatchability. Such
females are normally in very low frequency in
wild populations of A. fluvigtilis, The method
described in this paper, to select such ferales and
to restore fertility factor by repeated inbreeding
for 5-6 generations. is ol immeuse vaiue in stus
dies involving translocations and subsequen
semisterility.
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Fig. | Degree of fertinty in. 61 F2 families of A. fuviatilis after 3000 rads irradiation of the Pareniai generation.

Tehie }. Showing semisterility levels in & lines of 4Anopheles fluviatilis.

No. of line Type of transiocation No. of No. of No. of Semisterility*
tested familics tgRs larvae %
T5 TY 10 1074 374 65.2 {56.8-70.8)
Tel TY 12 1957 925 32.7 (50.0-63.5)
Tla Not known 10 1043 390 61.5 (52.0-68.0)
Ta Not known 10 989 385 61.6{52.0-70.0)
TI3 Not known 1 1390 649 53.3 (41.0-64.0)
T35 Mot known 15 1650 693 $8.0 {531.0-63.00

*Numbers in parenthesis indicare the range.

The Y-autosomal transiocation heterozygotes
may be helpful in genetic studies pertaining to
sex separating systems in this species. [n addi-
tion, such translocations could be used to assign
linkage groups. The cytological studies. Lo ascer-
tain if semisterility in 6, £3. [9 and 35 lines is due
1o translocations or periceniric inversions, are in
progress. If the lines 13, 9, 6and 35turn out to be
autosomai translocations. they would offer an
excellent material for generating homozygous
translocations in the spectes which in turn can
generate double transtocation heterozygotes
which are often suggested as efficient mecha-
nisms in the field studies involving genetic con-
trol programme {Curtis and Robinson, 1971).

The Y-autosomal translocations (lines 5 & 11),
especially, are significant. Importance of such

maic-linked transiocations (TM) in genetic con-
trol of other mosquitoes such as Culex pipiens,
has been well established through field studies
{Laven e al., 1972). Hence the lines 5 and 1}
established in the present study would be of value
in the genetic cantrol of A. fluviarilis in India,
whete the species is an important malaria vector.
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Resurgence of Malaria in Gadarpur PHC, District

Nainital, Uttar Pradesh

DS CHOUDHURYL M5, MALHOTRA! R.P. SHUKLAI S K. GHOSH!

and V.P.SHARMAS

An outhreak of malana was detected in Gadarpur PHC ol Nainial disteict, Uttar Pradesh during 1982-
83. Out of 19,31 bload slides collecied from fever cases, 13,051 shawed malaria parasites giving a slide
positivity rate of 67.56%. Among the pusitives, 9,132 were P. falciparum {71.5%). A. cwlicifacies and A.
fhrviaritis were incriminated as vectors of malaria during the outhreak. In A. culicifacies. sporozoite rates
of 0.79. 2.4 and 6.0% were found during September, Octoher and November respectively, In A, fluviatl-
fix. sporosoite rates of 1.4, 0.0 and 6.29 were found during the corresponding period.

INTRODUCTION

Nainital terai was hyperendemic for malaria
{Clyde, 1931 and Hehir, 1927). The population
in this region was scanty and remained so inspitc
of contral measure taken up during the British
rule. The Government of Uttar Pradesh, in 1947
initiated a pilot project for colonisationand large
scale food production in this area. An anti-
malaria organisation was also simultaneously
started.

The initial survey carried out at that time showed
hyperendemic malaria in 90% of the villages with
spleen rate between 50 to 100% in both adults
and children {Srivastava 1950). Srivastava and
Chakrabarti (1952) found the incidence of A.
falciparum to be three times that-of P. vivax,
Issaris et af. (1953) reported 84% infant parasite
rate in eastern terai in February and the predom-
inance of P. falciparum in this region. Al one
time people feared to visit these places even dur-

Avcepited for Pubtivanion: 20 June, 1983
"Malaria Research Centre (L.C. MR}
22 Sham Nath Marg,

Dxelhi-110054.

ing day time {Chakrabarti, 1955).

Malaria cantrol activity which was started in
1941 with the application of DDT and mass
administration of paludrine showed spectacular
success within a periad of five years. Malaria
came down {rom hyperendemic to nonendemic
level e, spleen rate below 5% (Chakrabarti,loc
¢it.1955). About 16.000 acres were converted 1o a
large agricultural farm in the middle region of
the terai and this became the chief grapary of
tittar Pradesh. Contro! of malaria ushered green
revolution and thousands of displaced persons,
hoth from West Punjab, Sind, North-West
Frontier Pravince and Fast Bengal were rehabil-
ituted by giving 10-15 acres of reclaimed land per
tamily during the beginning of the colonisation
scheme. A planned township and an agriculture
university were also established. All these deve-
lopments were possible mainly because of mal-
aria control.

During epidemiological investigations in 1982-
83, an outbreak of malaria was detected in
Gadarpur PHC. Results of this investigation are
veported in this paper.
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MATFRIAL AND METHODS

I'he wmvestigation was zarried out in Gadarpur

PHC which lies in Natnital terai adjoining Rud-

rapur township. The terai is situated in the foot-
nudls of the Himalayas bordering Kumaon
Jiviston of Uttar Pradesh in the north. Gadarpur
PHC is bounded by Kichha in the east. Bazpur
an the west, Haldwani in the north and Rampur
in the south {Fig. 1} It consists of 225 villages
having a population af 77.000. The aboriginal
‘ribes consist mostly of Bhuksas, For the pur-
sose of the investigation, these villages were
divided into §2 clusters. Survey of fever cases was
sigrted in April, 1982 and the teams moved from
e cluster to another on maoanthly hasis till
March, 1983 so as to complete the entire PHC in
ope year. Thus there was a monthly follow-up of
different groups of people inside the PHC and
surveillance of fever cases was continued for one
month 1n each cluster of villages. Blood slides
were collected from fever cases and presumptive
rreatment of &M mpm of chlaroguine base per
adult and propartionate dose 1o the children and
nfants was given. A total dose of 1.5 gm of
zhloroeguine base per adult was also given to
some cases where the presumptive treatment
failed to bring down the fever and parasitaemia
within a week. The thin smears were statned with
1.5.B. and examined within a fortnight after col-
‘eetion. The slides were declared negative o 200
ihin  microscopic fields did neot show any
sarasite.

Anapheline mosgintoes were collected with the
help of sucking tuhes in order to estimate the
man hour density ({MHI)) and incriminate the
vector, Collection was done in the morning
hetween 6 to 8 a.m. from human dwellings, cat-
tlesheds and mixed dwellings. These were
brought to the laboratory, identified and dis-
sceted for sporozoites in their salivary glands, No
altempt was made to detect infection in the mid
gut as most of the mosguitoes collected had
hlood in them, The frequency of collection var-
wed from weekly 10 fortnightly depending on the
cpidemialogical conditians. The meteorological

data for the year 1982 are given in Fig. 2.
RESULTS AND DISCUSSION

i. Parasitological:-——-The investigation covered
77000 persons during one year. A total of 19,318
fever cases was detected and shides from these
vases were taken for parasitoiogical examina-
ton. Results of these slides are given in Table 1.

It can be seen that (3,051 slides showed malaria
pdarasites giving siide positivity rate of 67.5. The
slide positivity rate varied from 15.9 to a maxi-
mum of 94.3 which was found during the month
of November. Amony the positives, 3.652
(27.9%) were P. vivax and 9,332 (71.59) were P.
talciparum. The monthly incidence of P. vivax
and P. falciparum is shown in Fig. 3. P. vivax
showed a peak during August whereas a sharp
peak was observed in P. falciparum duning Sep-
temher and another higher peak 1 November
with a steep tall in December. Higher incidence
of P, vivex was observed during June to August
with a sharp fallin September. From Table 1 and
Fig. 3, it can be seen that there were iwo dis-
tinctly separate outbreaks of P. vivax and P.
falciparum. The vivay outbreak during the
spring was fotlowed by the falciparum outbreak
during the monsoon and post-maonsoon months,
Inittally P. vivax cases were likely to be the
relapse cases arising out of the cases of the pre-
vious year. The spring transmission of a short
dutration invoiving P. vivax possibly conterred a
homologous immunity preventing super infection
or subsequent reinfection. Ultimately a strong
heterologous immunity was produced which
explains the plateau seen in Fig. 3 due to P
wivax. An exactly similac pattern of prevalence
ol P ovivax and P. falciparum was found in an
investigation carried ouw by this Cenire in
Haryana during 1980-81 « Sharma ef al., 1983),
This was also observed in Garki district of:
Northern Nigeria where alternate outbreaks of
P falciparum and P. malarioe occurred (Moli-
neaux and Gramiceia, 1980). The number of
mixed infection detected in this study was quite
low Le. 67 (0.59) out of 1305 positives found.
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The age and sexwise distribution of the poss
tive cases and the age speecific attack rates are
presented in Table 2 and Fig. 4. The same rates
in the aboriginal Bhuksa population of this PHC
are shown in Table 3. From the Tables 2 and 3,
it can be seen thatl persons of all age groupsand sex
were affected in the outbreak. The attack rates
show & progressive increase from infants to 16-25
age group when it reaches the maximum of
2278, The foilowing two factors i.e. increase in

man vectar coptact and immunity may be
responsible for this. To clucidate this further, a
detailed study will be needed. The attack rates in
Bhuksa and the same in Non-Bhuksa population
by applying the age specific malaria risk of
Bhuksa population is given in Table 5. From the
sable, it is seen that the estimated attack rate in
Non-Bhuksa was 240.8 as against the observed
value of 166.7. The Bhuksas were thus more
prone to malaria than the rest of the population.
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Fig. 2. Metevrological data recorded during 1982 at Pantnagar (Terai U.P.)

2. Entomological:— The following species of
anopheline mosquitoes were collected during the
investigation period:

3

ad

B

N N W Y

. annularis
. culicifacies
. subpictus
. hyrcanus
. splendidus

6
7.
8.
9

A. vagus

A. fluviatilis
A. paliidus
A. stephensi

Among these, A. culicifacies, A. fluviarilis, A.
stephensi and A. anmularis are known vectors of
malaria in India. Dissection of these four species
revealed sporozoite infection in the salivary
gland of A. culicifacies and A. fluviatilis. The
result of dissection of these two species are given
in Table 4, Study revealed that the density of A.
Jluviatilis was high during May, but no infection
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Table 1. Month-wise data of active surveillance in Gadarpur P.H.C.

Month No. of Popul- No. of P ovivax+  lacidence  Slide Posi-
168283 Villages ation slides P.ovivax P fali- P falei- {per 1000} tivity rate
sirveyed  examined parim parum
April 4 6894 788 126 - 18.2 159
May 15 140 1396 596 | 434 42.7
Fune 14 T728 142) 173 H - 180.0 544
July is 6350 1325 w99 o i 1118 535
August 5 6256 1597 105 237 13 152.6 59.7
September I8 5967 2832 156 1993 9 Inlb 76.9
October 22 6799 2820 144 2062 1 324.6 78.1
November 33 7562 2826 I8 2611 2 3521 942
December 23 B408 1703 128 1143 12 150.9 75.3
Janmoary 16 4253 879 &0 501 3 132.6 64.1
February 20 4676 1018 9 &i0 13 [52.6 0.1
March il 4883 3 146 4] 11 61.0 417
Total 225 17006 19318 3652 4312 a7 67.5

Estimated annual parasite incidence - 169.4.

Trhie 2. Ape, sexwise disiribution snd sge specific attack rates of malaria in Gadarpur P.H.C.

Age Group in years Papulstion No. suffering from malania Attack rate Attack rate in Bhuksa
Male Female Toral {For comparisan)
<l 1357 23 bt 73 537 N9
[ 9347 5RO 593 11733 i254 176.0
6--10 12430 1233 1141 276 191 8.6
bi--15 10250 116 K98 2044 199.2 155.1
16-- 25 (REYM 1875 1286 16l 274 3.2
26- 50 20177 IR7? 1392 3269 154.3 2078
>%0 8562 548 407 95% (1.5 118.0
Tual 77004 13051

Table 3. Age, sexwise distribution and age specific uttack rates of malaria in Ahuksa villages, Gadarpar P.H.C.

Age Group in veirs Population No. suffering from malaria Attack Tate per
1000
Male Female Total

<} bt . 2 ] f 0.9

{1 --5 426 33 42 75 i76.0

6 -k 499 §r 72 159 RELE.)

1-—-15 192 59 4t 100 25541

th--25 472 {06 56 162 3432

26— 50 744 27 68 165 078

>50 305 21 15 k1) LI8.0

Total 2954 03
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was found in this species. A. culicifacies density
was Jow during this month. No entomological
data could be collected during June to August,
Druring September, higher density in A. culicifa-
¢ies was scen as was expected after the rains,
Infected mosquitoes were found during this

month and the sporozoite rate in collections
from different jocations varied from 0.6 to 2.7
with an overall rate of 0.79. Though there was a
comparative fall in the density during Qctober,
the sporozoite rate increased and varied from .2
to 10.2 in different samples. The overall rate

Fabie 4. Vector demsity and sporozoite rate in A, cuficifacies and A. fluviaiilis

Month A. culicifacies A. fluviatifis
1982
Wo. collected MHD No. posi- Sp. No. collected MBD  No. posi- Sp.
and dissected tive gland  rate and digsected tive gland  rate
incality locality wise
wise
May 41 6.8 Nit 0.0 i23 0.5 Ni [1X1]
22 3l Nil 0.0 "7 16.7 Nil 0.0
17 4.6 Nil 0.0 73 9.1 Nil 0.0
b7 4.5 Nil a0 18 2.2 Nil 0.0
Total 217 7.48 Nil 0.0 331 11.34 Nil 0.0
s 525 I 095 16 it Nil 00
4 8.5 2 27 40 8.0 ! 5
Sepuember 132 2.0 2 1.5 14 . 4.6 Nil 2.0
u? 63.4 2 0.6
154 84.6 Nil g0
Total 882 44 [ 7 0.39 70 31 t 1.43
23 5.7 1 43 38 19.0 Nil 0.0
104 43.6 Ni 0.0 29 4.5 Nil 0.0
19 12.2 5 10.2 12 8.0 Nil 0.0
A5 19.5 Nil 0.0 26 1.2 Nil 00
§i2 10 1 8.3
Ocrober H 75 ! 6.6
% 9.0 | 55
43 21.5 Nil 0.0
B3 27.5 | 12
9 9.5 ! 52
40 3.0 Nil 0.0
Total a4t 14.8 It 24 {26 4.25 Nii 0.0
Ef 36 i 2.0 4 0.6 Nii 0.0
13 43 2 15.3 2 6.5 i 50.0v
November i4 35 Nil 0.0 10 16 Nil 0.0
12 20 Nl 0.0
Totai 50 112 3 6.0 [6 0.95 1 6.2

*The rate is inflated as only two mosquitoes could be collecied.

MHD = Man hour density.
Sp. = Sporozoite.
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Tabie 5. Estimation of comparative malarin case rates in Non-Bhukss population by applying age specific malaria
risk of Bhuksa population

Age Population {P} Cases of malaria Probability of Attack Rate Adjus_t.ed
in years getting malaria {1000} cases in
Nopn-Bhuksa
= pu X Py
Bhuksa Non- Bhuksa MNon- Bhuksa Non- Bhuksa Non-Bhuksa
{Pn) Bhuksa {Cr) Bhuksa (pa} Bhuksa Cp R _&«
(Py) {Cy) (pn) ARa—-; A =
<[ 66 1291 b 67 099 0052 9.9 51.% 117
1-.8 426 B9 5 1098 01760 0.1 176.0 [23.1 I570
610 499 11931 159 2217 0.3186 D186 3186 185.8 30
1{--15 k1y) 9867 100 1944 0.2551  0.197 2551 197.0 2517
16—-25 472 13400 162 2999 03432 0224 M2 2218 4599
1650 794 20383 165 3i04 0.207%8  0.152 207.8 152.1 4235
=50 305 8257 16 319 01180  0.11t 118.0 [t} 974
Total 2954 . 74050 03 12348 231.98 166.75 17813
XP
Estimaicd attack rale in Non-Bhuksa p» X Pr) X 1000 = 240.5
IPx
. Cw
Observed attack rate in Non-Bhuksa X 1000 = 166,75
3 Pw

during this period was 2.4. During November,

s —— the density of the species had fallen further but
rate as high as 15.3 was found with an averall rate

wor J of 6.0. Gland infection was found in A. fluviatilis
5[ during September with a sporozoite rate of 2.5 in
PR ] one sample. Another infection in this species was
guw o seen during November inspite of low density.
3 ! The overall sparozoite rate was 6.2. This study
5 loor 1 re-established A. fTuviacilis as & vector in this
5E region. The infectivity in these two species of
b — masquitoes was found to run parailel to the rise
iy i P. falciparum cases during September to
2F November. The meteorological data in Fig. 2

<1o1-5 60115 625 2650 B50yrs
AgQE QIoup M years.

Frg. 4. Age specific atrack rates-— altethnic groups (Gadarpur
PHC, Nainital dist. 1982-81).

show that relative humidity and temperature
during July to November was favourable for
transmission. The rainfall in June to August
further helped the reproduction and survival of
the vectors. Conditions for a shont period during
May were favourable for spring transmission.
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Resurgence of malaria in India started in mid
sixties. NMEP data show an increase in P.
Jalciparum cases to the extent of 7.5 folds during
the period 1970-76 before the modified plan of
operation was started in 1977. The increase was
noted in North Eastern Region, Orissa and some
parts of Madhya Pradesh and Bihar. In Punjab.
Haryana and Uttar Pradesh, there was a signifi-
cant increase of P. falciparum cases during 1976-
77 as compared with 1974 figures and in fact a
warning signal was sounded by Ray (1979}. The
eradication programme was converted in 197710
a control programme with emphasis on chemo-
therapy and less stress on surveillance and insec-
ticides. As a result of these changes, a small focus
of P. falciparum in terai was not timely detected
and contained. The small {ocus resulted in an
outbreak and intense transmission in a short
time. The slide positivity rate in fever cases
reached an astounding figure of 34.4% in the
month of November. The monthly incidence of
cases per thousand population was 361.1, 324.6
and 352.1 during September, October and
November respectively. The annual parasite inci-
dence in this PHC was estimated to be 169.4. The
aboriginal tribes, the Bhuksas had long been
known to have a relative tolerance to malaria
(Srivastava and Diwan Chand, 1951). Asaresult
of the control/eradication of malaria their toter-
ance decreased and they became susceptibie to
malaria again as revealed by this investigation.

A. minimus was the chief vector in this region in
the past (Clyde loc. cit. 1931, Das, 1930). Sub-
sequently. A. fluviatilis was considered to be the
principal vector {Srivastava and Chakrabarti
loc. cit., 1952). A. culicifacies was considered to
play a secondary role. They reported a sporozo-
ite rate of 11,0 in 1948 and 1.6 in [952 in 4.
Sluvigtilis in terai. Issaris et. al., loc. cit. {1953)
working in this region found both A. fluviatilis
and A. culicifacies as vectors and also considered
the former to be more important as they found
the predominance of A. fluviatilis during pre and
post monsoon period. They reported a lower
sporozoite rate of 0.13 in 195] and 0.2 in 1952
which might have been due to the active malaria

control operations taken up in [947, It is interest-
ing to note the reappearance of A. fluviatilis in
large numbers in some of the villages. The associ-
ation of this species with the spring transmission
remains to be established as recorded in the past.
it may be pointed out that people were found to
he repeatedly suffering [rom attacks of malaria
and some unusual deaths had occurred in this
region at the peak of the outbreak. The presump-
tive treatment of 600 mgm of chlorequine base
per adult was at one time successful in containing
an acute attack of P. falciparum malaria. In this
study, it has been repeatedly observed that this
dosage was not effective in bringing down the
fever and parasitaemia in many cases (Choud-
hury et al., 1983). It is essential that adequate
dose of chloroquine is administered to P. faleipa-
rum cases to provide reitef to the people. This
would reduce the chance of the appearance of
resistant strains which might occur as a result of
administration of repeated small ineffective
doses of the drug. The incidence of malaria sup-
ported by high sporozoite rates in two vectorisa
danger signal and emphasises the urgency of
effective control measure to retain the achieve-
ments gained due 1o green revolution.
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Inheritance Pattern of Fermilion-eye in Anopheles

culicifacies Species A

T, ADAKL SARALA K. SUBBARAD and V.. SHARMA!

An eye colour mutant wermillos-epe was isolated from Anupheles auicifacies species A, from a labara-
tory colony, Genetic crosses have shown that it is an autvsomal recessive mutant with compiete pene-
trance. M osquitoes of this strain express vermilion colour in eyes at the larval, pupal and adult stages.

INTRODUCTION

Anopheles culicifacies is an important vector of
malariz in the Indian subcontineni. Recent
chromosomal studies in this species revealed the
existence of three sibiing species, species A,
species B (Green and Miles, 1980) and species C
{Subbarao er al., 1983). Species A has been
inctiminated as 8 vector in villages arpund Delhi
{Subbarao er al., 1980). To date only six pheno-
typic markers have been isolated and studied in
A. culicifacies species A (Sakai eral, 1977, 1979,
1981, Sakai and Baker, 1980, Dubash ei al., 1982
a & b) and three phenotypic markersin A. culici-
Sacies species B (Subbarao et al., 1982). This
paper presents the genetics of one more autoso-
mal eye colour mutant from species A.

MATERIAL & METHODS
The following strains wece used in the crosses:

1. vermilion eye (vr): Pupae with vermilion eye
were cbserved in the rearing pans of a lIaboratory

Accepied far publication: 27 lune 1983,
‘Malaria, Research Centre (ICMR),

22, Sham Nath Marg,

Delhi-1 10054,

strain from Basantpur (Haryana). These pupae
were isolated wnd inbred to establish a true
breeding vermilion eye colony. Basantpur
laboratory strain from which vermifion eye
strain was 1solated was identified as species A
{Subbaraa et al., 1980). This mutant expresses its
* phenotype vermilion eye colour from the instar
I} through pupae 10 adult siages. Penetrance and
expressivity of this mutant is constani. Aged
mutant adults can easily be distinguished from
the wild type although vermilion colour darkens
considerably after the eclosion from pupae to
adult,

2. Mandora:. This strain was established as
species A after the cytological identification of
the progeny irom single cultures of females col-
fected from Mandora (Haryana} {Subbarao er
al., 1980) and was used as wild Lype in the genetic
CFOSKES,

Mosquitoes were reared in the insectary main-
teined at 27-28°C £ 1°C and 70-80% R.H. and
fitted with an automatic machine which
simulated the artificial dawn and dusk
condition. Crossing experiments were carried
out in 3¢ x 30 x 30 cm cloth cages and mosqui-
toes were offered fresh water soaked raisins
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and 1% glucose on cotton pads. Females were
offered rabbits as a source of blood meal.
Eggs were collected in a pool and reared. Since
these phenotypes could easily be distinguished at
instar 1, larvae were separated at instar 11 and
were rechecked at pupal stage. This procedure
proevided accurate numbers in each category and
helped in avoiding errors due to occasional mor-
tality in the late instars,

RESULTS & DISCUSSION

Results of crosses showing mode of inheritance of
vermilion eye gre given in Table |. Vermilion and
wild type strains were reciprocally crossed and Fy
progeny were inbred and backcrossed to obtain
F, progeny. Absence of mutant phenotypes in
F; progeny (crosses 1 and 2) indicated that vr is
recessive to wild type. This was further sup-
ported by 3: 1 ratio of wild to vermilion observed
in the progeny of crosses 3and 4 (non-significant
X-value). Absence of males with mutant pheno-
type in cross 2 indicated that vr is not sex linked,

since A. culicifacies has the X-Y sex determina-
tion mechanism (Sakai er al, 1977). This is
further supported by the non-significant chi-
square value obtained for linkage tests between
sex and vr in crosses 7 and [0. Backcrossing of
the F; progeny with vermilion eye strain resulted
in wild and mutant types in a ratio of | ;[ (crosses

. 37,9 and 10} while in the backcrosses with wild

type all the progeny were of wild type (crosses
6,8,il and 12).

The resuits from inbreeding and backcrosses of
F: progeny confirmed that vermilion eye is an
autosomally inherited recessive mutant. This is
the first phenotypic marker isolated in A. culi-
cifacies species A in our laboratory,
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Tabie 1. Inheritance pattern of vermilion-eye in Anopheles culicifacies A

Parental genotypes

Progeny phenorypes

g Vermilion Wild testing for X 2
No. 9 d 9 d @ d Total i+ vr+ Linkage
I:1 1:3 SeX-vF
1. i+ wrfvr — — 151 196 347 - — —_
Z vrivr +i - - 65 62 127 - — —
L *ivr . vr 07 182 638 555 1582 - 0.15 —
4, vFj+ vt 14 44 168 182 473 - 0.25 —_
5. er vrivr M7 177 241 210 235 54 -— -
. v o - — 261 235 496 —_ - —
1. vrfvr *ovr 160 133 156 144 593 0.1 — 0.4
-8 rpk LY — — £9 62 151 —_ — —_
9. wri+ vrjvr 126 e 140 128 513 i0 — —
1N vrfvr vri+ 207 194 235 214 850 27 — 0.04
fl. iThd v+ — — 409 i 78R —_ — —
2. viyj+ 4 - - 439 427 866 - - -
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Response of Plasmodium falciparum to Chloroquine in
Delhi, Sonepat District of Haryana and Terai Region of

Uttar Pradesh

0.5 CHOUGPHURY!, 5.K. GHOSHI, . USHA DEVI' and M.5. MALHOTRA?

Ol of cleven cases of chloroyuine cesistasice LR1 1ype) detected e 2 falciparum during 1980 and 1981
by using the standard WHO in-vive test. vight belong to Sanepat district of Haryana and three to Delti
sity. Using the WHO macro in-virro test. another tour caes from [elhi city did not show inhibition al
£.5 nmol concentration of chloroquine during 1982 and 983, Decreased sensitivity to chloroquine was
also found in terai region of Uttar Pradesh where a single dose of 600 mgm chlaroquine {base) failed to
control 247 cases of acute infection due 1o . faleiparum out of $191 tested (2.68G}). The recrudescence
ol parasites and fever in these cases ocrurred within 7-9 days.

INTRODLUUTION

Monitoring of sensitivity of P. fafciparum to
chloroquine was taken up by National Malaria
Eradication Programme in 1977 under the anspi-
ces of Indian Council of Medica} Research in
different paris of the country, The chloroquine
resistance against P. falciparum  was  first
detected in Assam (Sehgal er al.. 1973). Sub-
sequently chloroquine resistance was detected in
Arunachal Pradesh, Mizoram, Meghalaya and
Nagaland (Pattanayvak ef ol., 1979, Chakraborty
er al., 1979 and DNas e7 ol., 1979). The resisiance
was also found in Maharashtra, Orissa, Uttar
Pradesh and Madhya Pradesh (De er al., 1979,
Ciuha et al., 1979 and Dwivedi er al., 1981,

The resurgence of malaria afler the failure of the
eradication programme in India brought P. fal-
ciparum again in the forefront. In 1970, there
were 100,115 cases of P. falciparum in this coun-
wry which rose upto 753,713 by 1976 before the
introduction of modified plan of operation in

Accepted for publicerion: 19 June 1983
'Maiaria Research Centre. (ICMR)
22-5ham Nath Marg,
Dethi-1 19054,
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1977. T'wo major outbreaks due to P. falcipa-
rum, one in Haryana and another in U_P. terai
were investigated by Malaria Research Centre
during 1981-1983. Patients from different parts
of Delhi also visited the Centre for advice and
teatment during the period. Sensitivity to chlo-
roguine was tested in P falciparum cases of
these places as part of the epidemiological
investigations.

This paper records chloroguine resistance in P,
Jalciparum in Delhi city, Sonepat district of
Haryana and decreased sensitivity in Uttar Pra-
desh terai region.

MATERIAL AND METHOUS

Both in-vivo and in-virre tests were carned out
according to the procedure laid down by WHO
{1973). The patients selected for the study were
having fever and showing rings and early tro-
phozoiies in the peripheral blood. For macro
in-vitro test, the kit supplied by WHO was used
and the tests were carried out according to the
pracedure laid down by WHO. For in-vivo test
the excretion of chioroguine in the urine was



) INDIAN J. MALAR. VOL. 20, JUNE 1983

monitored to ensure the absorption of chloro-
quine in the blood (Lelijveld and Kortmann,
1970). The test dose consisting of 1.5 gm of chlo-
roquine base was administered to the adult
patients and proportionate doses were given to
the children as indicaied by WHO for the in-vivo
test.

The patients belong to different villages of Sone-
pat district of Haryana and Delhicity. They were
included in the investigation when inspite of
repeated treatment with chloroquine in adequate
doses, the patients failed to respond as judged by
failure of parasite clearance and presence of
pyrexia. In U.P. terai, the patients belong to
different villages of Gadarpur PHC of Nainital
Dhstrict. They were given a single dose of 600
mgm of chloroquine (base} as a preliminary
screening procedure for chloroquine resistance.

RESULTS

The results of in-vive test are given in Table 1
and in-vitro macro test in Table 2and Fig. 1. The
results of test with single dose of 600 mgm chlo-
roquine (base) in U.P. terai villages are shown in
Table 3.

From Tabie 1, it can be seen that gll the |} cases
showed R levei of resistance. Five of them
showed early recrudescence and the rest detayed
between two to three weeks. All these cases were
indigenous. Nine of them had previously been
given one to two courses of chloroquine, each of
1.5 gm, one to eight weeks before the test dose.
Alithe nine cases responded to Metakelfin®* with
termination of fever within 48 to 72 hours, The
slides taken on Ds to I did not show any asex-
ual stages. Crescents werc however seen occa-
sionally during the course of one month of post
teeatment follow-up. Of the two cases receiving
[.5 gm of chloroquine, one had recrudescence
with fever and parasitaemia on the 20th day after
treatment and had to be treated with Metakelfin,
The other cases responded to chloroquine and
did not complain of fever during the foilow-up of
ane month.

* Metakeifin-Sulfamethopyrazine + Pyrimethamine

From Table 2, it can be scen that the parasites
from all the four patients did not show inhibition
even in 1.5 nmol concentration of chioroquine.
Compiete inhibition was only seen in one case
when exposed to 3.0 nmol. All the four cases had
also previously been given courses of 1.5 gm
doses of chloroquine in recent past and failed 1o
respond properly indicating the possibility of
resistance. They were treated with Metakelfin
successfully without any recrudescence.

It can be seen from Table 3, that 624 out of 9191
cases from U.P. terai showed breakthrough in
the form of fever and parasitaemia after adminis-
tration of a single dose of 660 mgm of chloro-
quine (base). Among the breakthrough cases,
248 (2. 68%) had recrudescence of parasites and
fever within 7-9 days after the adminsitration of
treatment indicating the possibility of appear-
ance of decreased sensitivity to chloroquine in
this community. Majority of the cases had
repeated attacks of malaria during 1982 as a
result of an epidemic outbreak in this area and
received chloroquine trearment {Choudhury et
al., 1983}, Regular monitoring of chloroguine
resisiance by in-vivo and in-vifro test is expected
to be carried out in near future.

DISCUSSION AND CONCLUSION

During the National Malana Eradication Pro-
gramme, the main emphasis was given on insecti-
cides. Chemotherapy had only asupporting role.
On the contrary, in the modified plan of apera-
tion, the emphasis has been shifted to chemo-
therapy with insecticides playing a secondary
role. This is due to the fact that most of the vector
mosquitoes have become resistant to commonty
used insecticides and the cost of other potent
insecticides has gone up considerably due to their
production being oil based. Chloroquine is being
used extensively and in many cases inadequately
by the Drug Distribution Centres, the Fever
Treatment Depots and the patients themselves.
The presumptive treatment with chioroguine ina
single dose of 600 mgm (base) per adult was very
effective in the past (Roy ef al., 1966} against P.
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talciparian cases, Vhis 18 o more Lthat eifective in
vontrolliag an acule attack of P falcipurium
priatis s has been scen in the present study.
Pius s i contrast to the tindings of Juswan
singh et al. (1953) working on the same area and
the adjoining Rampur district of U.P, They obser-
ved 100% clearance of P falciparum para-
sies within 72 hours in 22 cases with a singie
aose of 600 mgm of chloreguine (base). Three
vases showed recrudescence of parasites in6 to 8
weeks after treatment {2.44).

Fhe drug must be exerting @ conitant selection
pressure as attempts are being made to control P,
taleiparum outhreaks with drug alone or inetfec-

trve tnsectieides in somie parts of the country,

Chioroguine sesistant P falvipdrum is being
detected in widespread arcas m this country.
Dethi and Haryana are aew additions to the
afready increasing list of chioroquine resistant P,
talviparum foci in this country (Map ). P, falcip-
ariem  containment programme {PFCP) was
taken up in 1977 with WHO/ SIDA assistance to
contain P falciparum outbreaks in this country,
Tutensive work with proper insecticides and che-
motherapy should be taken up to liquidate these
inct immediately on detection. on a priority
hasis.
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Efforts are also urgently needed to dehincate
newer areas where P. fuleiparum outbreaks have
started occurring, and include them under P. fal-
ciparum containment programme. Unless thisis
done and these areas arc left under the cxisting
modified plan of operation, where unfortunatcly
much laxity has crept in, catastrophic conse-
quences may happen.

For the treatment ol chioroyuine resistant £,
falciparum, quinine or sulfonamide with pyrime-
thamine can be used. The latter is quite effective
in controfling the chloroguine resistant P. falcip-
arumt al present in this country. In fact all the
resistant cases found during this investigation
responded to 2 single dose of sulfamethopyra-
zine and pyrimethamine combination (Table |
apd Table 3}. This drug is being vsed now-a-days
in a large scale cven for the treatment of P. vivax
cases because of the simplicity of administration
and the number of tablets to be taken in each
course. Caution is to he exercised in the use of
this drug extensively as resistance is likcly to
come up against this combination. In future, if
chloroquine resistance in P. falciparum come up
n a big way in this country, this drug may be
useless to be effective when we will be requinng it
very badly. In fact there is aiready an indication
of drug resistance coming up against this combi-
nation in different parts of South Last Asian
countries {Black er al., 1981}. Nguyen-Dinh et
al. {1982) feel that the use of this combination
may be reserved for well defined occasions such
as allergy to other antimalarials or clearly
defined cases of chlornguine resistance.
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Studies on Malate Dehydrogenase of Plasmodium knowlesi

NALINWL SANENATL VO PANDEY and G 00 F LA

[nfterent developmental stayes of Plasmodnem kaowlesi| nings, iraphozoites and schizoars) showed signifi-
cantly high levels of matate dehydropenase { MNH). Scquential studies on MIDIH showed that ievel of the
¢enzyme of infected monkey R BC's gencraily increased with rise in parasitaemia. The veli-free parasites pos-
seysed highest level of MOH activity, MDD of the host and of the parasite were found 10 vary markedly in
respect Lo their properties such as Km, pH, heat siability and electrophoretic mohility erc. The parasite MDH
was found to be mare heat fabie as compared (o the hoso enzyme. Polvacr famide gel electropharesis tor
MDH ispenszymies showed 5 bands in the normal RBCY and two bands in the parasite preparanon.

INTRODLUCTION

Muinte dehvdrogenase (MBI} of Plasmodium
species had been studied by many workers. Sher-
man (1966) reported the presence of MDH in £,
fopfinrae and P berghel. and later Nagarajan
(1965} demonstrated this ensyme i cell-itee
preparations of P berghei. Momen (1973) and
Carter (1970 and 973} carried out the electro-
phoretic study of P. herghet enzyme and denon-
strated distinet bands {or the host and the
parasite. According to Carter and Voller {1973),
wi studied human and simian malarial para-
sites. the presence of distinet MDH enzyme in
tire parasite could not be estublished.

T tie present report, MIYH of P Anowlesi and
thit uf host RBC along with some of their kinetic
properties have been studied.

MAFERIAL AND METHODS

Collection of Bood: Adult rhesus monkeys Mac-

Avcepeed for publicanon: 17 Augusi 1983
Hhision of Biochemistry & Microhiolops.
Contrat Dreug Research Tnstifote,
Luchriow,

aca mudaiia, of either sex, weighing about 4-6 kg
were kept under 12 hrs. photoperiadicity with
ilTuorescent lights on from 7.00 hr to 900 hr. A
strain of . knowlesi (wy), kindly donated by Pro-
fessor P.C.C. Garnham was used in this study to
intzet healthy rhesus monkeys which were certi-
Bed 0 be free (rom tubercudosts as shown by
neputive tuberculin test and chest Xeray,

Blood {rom F. knowlesi mtected monkeys was
colleeted m actd citrate dextrose (ACD) solwion
(Kessel er al., 1965) by cardiac puncture. [t was
centrifuged at 800Xg for 10 min. Plasma and
bulfy coat were removed and the schizont
intected cells, which Torm a brownish layer, and
the underlying ervihrocytes were washed three
times with chilled phosphate buffer saline (PBS).
Fhe erythrocytes of normal monkey were also
tuken in ACH. centrifuged at 800Xg for 10 min.
and the plasma and buffy cout were removed as
described above. The pellet of normal erythro-
cvtes was washed three times with chilled PBS.

Narmal as well as inlected ervthrocytes were
tvsed according ta the method of Cook er af,
pHontd) with 0.206 saponin tn 0.85% saline with
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continuous stirring in cold for 30 min and cen-
trifuged at 7000gX10 min. The parasites were
coliected from the sediment and washed thrice
with chilled PBS.

Preparation of Homogenate:— The packed ery-
throcytes o5 the parasites were homogenised in
Potter-Elvehjem homogeniser at 4°C in chilled
PBS and centrifuged at 2000g for 10 min and the
supernatapt was used as enzyme source.

Subcelluiar fractionation: Homogenate was pre-
pared in 0.32M sucrosc and centrifuged at 2000g
{or 15 min for nuclear fraction. The 2000g super-
natant was further centriluged at 9,200g for 30
min for mitochondriat fraction. The microsomal
ard selubie fractions were separated by centri-
fuging the above supernatant at 1,04.000g for
! hr.

Assay of malate dehydrogenase: (l.-malate:
NAD' oxidoreductase, E.C. No. i.1.L.37)
Enzyme activity was measured spectrophoto-
metrically according to the method of Ochoa
{£955). The reaction mixture contained 2.7 ml
phosphate buffer ((.1M of required pH), 0.1m!
axaloacetate (0.0078M . {reshly prepared). 0.1 ml
NADH (0 0015M) and suitably difuted enzyme
preparation. Decrease in O.D. at 340nm was
recaorded at 30 see, intervals tor a period of 3 min.

One MDY unit is defined as the amount of pro-
tein required to catalvze the oxidation of one p
mal. of NADH per min, under the specified
cxperimentat conditions.

Protein estimation:— Protein was estimated
according to the method of Lowry eral (1951),
using bavine serum athumin as standard.

Electrephoresis: MDH was separated electro-
" phoretically according 1o the technigue of Davis
£1964) using 7% polyacrylamide and the activity
was located on the gels by the method of Fine
and Castello (1963},

RESULTS

Comparison of the MIDH activities of normal

and different developmental stages of P. know-
fesi infected monkey crythrocytes as well as in
cell-free parasites showed that the enzyme Jevel
in infected cells was considerably high as com-
pared to normal ervthrocytes whereas different
stages of cell-free parasite showed highest
enzyme activity as compared to that of normal
and infected red ceils. The aqueous extract of
trophezoites, among three stages of parasite
revealed highest activity which was nearly five
folds higher as compared to the activity of nor-
mal red cells. However, schizonts and ring stages
also possessed significantly high ievels of MDH
{Table 1). Studies on infected RBC’ showed
progressive increase in MDH activity with the
increase in level of parasitaemia. Estimations
with infected samples ranging from 0.2-60%
infection, showed an increase in specific activity
from 86.00Xi07° (at 0.20% parasitaemia) to
151.00<107° (at 60.0% parasitacmia). Cell-free
pardsites (schizonts) showed considerably higher
levals of MDH (28393109 (Table 2). Sub
cellular fractionation of parasite (schizonts} indi-
cated that more than 500 of the enzyme was
localized in the soluble {raction (Table 3).

Poiyacrylamide gel ejectrophoresis of normal
erythrocytes and cell-free parasiies {schizonts)
showed that the normal erythrocytes possessed
five isnenzymes of MDH whereas the cell-free
parasites contained only two. The parasite
enzymes were different in mobility as compared
to the host enzymes (Fig. ).

Tahle 1. MIDYH activity of different stages of P. knowlesiand

infected erythrocytes und host RBC.

5 Stages of Cell-tree Infected  Normal
Na, o Parasite pasasite RBCy RBC
host RBC {19046
wnfection)

o mE Protein * i3

Parasite

. Rings 150.373 140.42

2. Trophozoites 434,34 139.99

1 Schizonts 28591 £5.78
Hast RBC 82.24
{Normal)
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Tsble 2. MDH activity of normal and P, knowlesi infected erythrocytes ai different levels of parasitaemin

8. No. Parasitaemia H/ mg/ prozeig X 107 S. No. Parasitaemia i/ mg protein X 1073
i Nil (Normal} £2.24 i 150 1§6.80"
2 0.2 £6.00 12. 16.0 117.20
3 0.8 90.00 11 200 124 20
4 2.0 99,40 14, 150 136 80
5 25 109.40 15, 40.0 142.00
6. 2.8 109.00 16. 454 139.00
7 30 92.00 17. 20.0 145.20
] 50 §0R.50 18. 60.0 151.06
9 1.0 i16.08 19. Parasite {Celi-Tree) 28594

16 19.9 118.20

Kinctic properties of parasite MIDH  were
markedly different from the host MDH. The
MDH of norial monkey red cells was found (o
be most active at pH 7.5 whereas the pH optima
of parasite MDH was 6.8 (Fig. 2). The Km values
of host and parasite MDH, at pH 7.5 for oxa-
loacetate, were nearly the same (i.e. 4.5xX10" M
and 5.0X10” M for normal RBC's MDH and
parasite MDH respectively). but at pH 6.8, Km
values of MDH from both the sources, differed
marked!y {5.5X107 M for erythrocytes and 2.5X
10° M for P. knowlesi enzyme) (Table 4). Both

I

|
A B

Fig. L. MDH isoenzymes, A=normal red blood cells.
B=host cell-free parasites.

the enzymes were inhibited by the high concen-
trations of oxaloacetate although the inhiintion
was not much {Fig. 3). Heat resistance of the host
and parasite MDH were not alike. The host
enzyme showed better stability towards tempera-
ture as compared to the corresponding enzyme
of the parasite (Table 5).

DISCUSSION

The present study showed that the cell-free pre-
parazions of different developmental stages of

—

. A AP KNOWLES.

YU TR S

_2
e
o

ACTIVITT & iy
)
A S B

5.0 9.0

Fig. 2. Oprimsum pH of RBC's and P knawiesi MDH
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P. knowiesi, namely rings. trophorsoites and
schizonts possessed significantly high activity of
MIYH indicating that the parasite possessed this
enzyme at every stage of its development, which
is different from that of the host erythroeytes’
MDH. It has been reported that the mammalian
malarial parasites are able 1o catzbolise glucose
by glvcolysis but they lack the TCA cycle (Home-
wood, 1977),

Tabie 3. MDH sctivity in varicus suheeltulay fractions of £,
Krawilest

% Ne Fraction ttoof MDH acuvity

1. Crude 16 40
M Nuclear 4.43%%
3 Mitechondnal 13.64%;
4 Microsomal 4. 544
5 Soluble 51 546

Table 4. Km of normal RBCs and P knowlesi MDH ot
different pH

rH 6K

s Sample pH 7.5
Na

L Normal RBC's SSXWSM 45x 0 M
2 P. knowlesi 2EX A0 M 50X 10°%M

Table £, Stability of normet RBC's 2nd P. kroiwlesi MDI at
different temperaiures.

5 Temperature & Activity after heat treatment
o, 1SN
RB(’s P. knowlesi

i i} 1 100

2 37 9% 1

A 40 93 62

4. 50 84 58

= ) 54 12

a. Ly 8 Y

! 40 0 Y

"ihe enzyme picparations were exposed [0 various
cwmperatures for 30 min. prior Lo assay,

»—n P ENOWLES

P o— RBC'S

ACTIVITY % |:}-.( [ TR N YT
=Y
1
\
]
ZJ
[ ]

ot o? =3

M ARSTRATE COMC™

Tagure-3, Subsirate inhibition of RBCY anmd £ knowless
MDH.

The existence of two forms of NAD" dependent
MIDH, a soluble cytoplasnuc form and a particu-
tate form associated with mitochondria has been
reported in mammatian tissues (Oelshiegel and
itrewer. 1975). The present {indings suggest that
arabably the solubte form of MDYH is predomi-
nant in all stages of P. knowlesi since the well-
defined mitechondria are not found in this
parasite. Further, subceiluiar fractionation of
celi-free parasites (schironts) confirmed that
more than 506 of the MIDH was present in the
soluble eytaplasmic fraction whereas the associ-
ation of fauwly good amount of MDH activity
with mitochondrial fraction may be indicative of
presence of unorganised mitochondrial nrga-
netle in the parasite.

The activity of this enzyvme increased gradually
with the rise in parasitaemia although there was
ne concomitiant increase in enzyme activity
along with the rise in parasitzemia, Every stage
of parasite showed higher activity of the enzyme
with respect to corresponding infected erythro-
cytes suggesting that the parasite enzyme con-
tiibutes to observed activity of the infected RBC.
We had also reported simiiar observations while
studying lactate dehydrogenase of P. knowlesi
and P. knowlesi infected erythrocytes at different
tevels of parasitaemia (Saxcna e al., 1982).

¢n the basis of kinetic propertics and substrate
analogue techniques, Sherman (§966) had dem-
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anstrated shat 2. berghed as well as P lopineae
contain a NAD' dependent MDH which can be
distinguished  from  the corresponding host
enzyme, The present study has shown that MIDH
A parasite is markedy different from that of the
eryihrocytic enzyme in electrophoretic mobility.
The purasite MPDH exists in two isoensymic
torms  which have different  ejectrophuretic
mobilities as compared to the five 1socnsyme
Yforms of the host enzvine. Carter (1970 and
1973y, Momen er gl £1975) and Maomen (1979

had also detected in addition to the MDH of

crvihrocytes, other isocpzymes i the red cells of
mice infected with £. berghei, Sherman {1966)
demonstrated an anodal hand of MDH 10 ner-
mal duck erythrocytes whereas the P Jophurae
MDD moved towards cathode an starch gel

Solubic mahic dehivdrogenasc 5 un 2nzyme of
considerable importanice as 1 playsan imporinn
role in reoxidation of reduced NAD and thus
facilitates glycolysis since higher NADIENATY
ratio by rate hmiting in glycolysis, o thrs way the
function of MDDH in malarial parasite s similay
to that of the parasite 1 IDH. At present 1t
difficuit to conclude about other functions of
plasmodial MDH, However, it may have other
functions felated 1o aming acld metabolism,
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Mosquito Breeding Survey in Urban Delhi

Hil GPRFTY!L PKSRIVASTAVA: BN NAGPAT and V.P. SHARMA®

A high fever epidemic raged Delhi from Sep-
tember to November, 982, The fever lasted for 7
to 10 davs and affected all age groups. During
rouline malaria surveillance it was revealed that
the fever was not due to malaria. Later the
dengue virus was isclated from Aedes aegrpti
collected from affected colonies in Delh
(Dhanda, personal communication). The out-
break of dengue prompted us to locate the mos-
quita hreeding sites in Peihi

Mosquito hreeding surveys were carried out
from November 4 to 27, 1982, Initially surveys
revenled that breeding was confined to the over-
head tanks {Fig. 1), Most of these tanks were
noorly maintained. They were not cleaned for a
long time, the lids were hroken orleft open, some
of the tanks were not in use and had rain water
{¥ig. 2}. The tanks were made of cement or steel
and placed on the housc tops. 1n some localtics
they were installed high on the roof tops making
them inaccessible. The house owners of these
tanks were ignorant or disinterested. and some of
the owners were taken aback at the quality of
stored water they were using. The survey of mos-
quito hreeding was done in localities shown in
Lig. 3. It was revealed that mosquito breeding
was found throughout urban Delhi including
trans-lumna colonies.

{evepted for publication: 14 Inly 1983
‘Malaria Research Centre {(JUMR).

22 Sham Nath Marg,

Delh- 110054,

Results of survey givenin Table | revealed that in
November most of the overhead tanks were
hreeding {or A~ gegiypti. In some tanks larvae of
Ae. aegvpti and Ae. stephensi were found. No
other mosquito species was found breeding in the
overhead tanks. The intensity of breeding per
tank varied considerabty ie., from 10-20 larvae
to a few thousand or more. The study revealed
that overhead 1anks were a perimanent source of
mosquite hreeding. Earlivr Balaya e al. (1969)
mvestigated an outbreak of dengue in Delhi in
ie month of September-October. 1967, The
nain areas involved in the epidemie were thickly
populated central parts of Delhi. They observed
that epidemic started in the third week of Sep-
tember, prevailing throughout Qetober and dec-
lining towards the end of October and in the first
week of November, 1967, The 1967 epidemic did
not appear to have reached the outskirts of
Delhi, where housing was maote open or inlocali-
ties of central part which were not continuous
with the affected areas. In September-October,
197¢ Dethr was again'undér the grip of another
outhreak of dengue fever { Diesh eral., 1972). The
investigations showed that the epidemic was in
the central part as well as in the peripheral part of
Delhi. o may be due to the fact that Ae. aegypii,
the veetor of dengue, had spread to new areas in
Delhi due to rapid urbanization of suburban
areas, thereby spreading the discase to the peri-
rheral parts of the city. The periodical Togging
aperations under the irban Malaria Control
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tig. . A view of the overhead tanks found breeding for moaosquitoes.

Fig. 2. Overhead tanks with open lids found breeding for mosquitoes.
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Fig. 3. [ arva’ susvey sies in Delhi

Programeme were nat very heiplu! in the contain
muent ef the disedse, feo argipre is a dav biting
muosyilta and daily new popnlation was gmerg-
ing from the overhead tanks. Also, in urban
ficlhi, antmal populstion was very limited and
mavst of the mosquito feeding was confined to
man, thus enhancing discase lransmissinm,

tn ordes ro voutro] breeding, the overhead tanks
skould be neriodially cleancd and lid placed
tiziniy o that there were no openings lelt for the
eitry and exit af mosguitoes, Twonld also b
advisable te have communy overbead tanks

which can be more susdy managed. Vhe coniros
af hreeding in the overbead tanks would greatly
redoce the density of vector popuiations and thus
eliminate/ reduce the vecior borne diseases,

RFFERENCES

I, Baluya, §., 5.1 Paul, 1.V, [DLima and .M. Pavan
(1969). Ind. Jour. Med. Res. 57(4}: T67-714

2. Dicsh, P, 8. Pattanavak, P Singha. D.1). Arora, P.5.
Mathur, T.K. Ghosh, M M. Mandai and N.GS.
Raghavan (1972). Jowr. Com. Dis. 4111 13-18,



Daeparn Gatiemat of Malarwiagy
Vol 20. Fune 1983, pp. 83-#4

Vital Staining of the Malana Parasites

VAT SHARMA

Malaria case 18 confrrmed by the demonstration
o plasmodial  parasite in blood  smears.
Development of this method was the result of the
discovery of malaria parasite by Laveran in 1880,
statning by polychromed methviene biue by
Romanowsky itn 18917 and thick smear
nreparation by Ross m 1903 (Russell e/ ol
1963), The method s wsed in all laboratores
sroughout the world, Bload smear preparation
and examination reyuires experienced
echnictans, and neglipence may result in the
misctassilication of slides or parasite
susidentification, In a study in Garki project it
was shown that the percentage of parasite
sositive slides inereased bhoth by doubimy the
ume of shde exammanon, and also by ope-
csamination o shides by their supervisors
~Melincaus and Gramiccla. 1980). The method
i tiring and time consuming. In endemic areas it
n commonplace to find buackliog of siides,
cspecially during the transmission season. To
avercome these problems, vital staining of the
malaria parasites was developed. Details of 1his
rechmiguoe are given below,

tevepoed for pubitcatton. U1 sepiahibes F9R3
Slalaria Research Cenlre {HOMR)Y,

1I Sham Naih bMarg.

ihelfn- (1S4,

Stain s prepared by diluting O mlGremsa stock
satution in 7.5 mi distilled water and 2.5 mi acid-
citrate-dextrose {ACD) solution, filtered and
ased. A drop of finger prick blood is mixed with
the stain on a microslide, and cells were allowed to
settle for 5-10 minutes under the coverslip. The
slide is rhen examined at 400X magnification. The
siierascope s first focussed on the floating cells
followed by the examination of other cells. it
witulth be scen that nuclear material of some
feueocytes takes blue stain. The malaria parasites
(P, vivax, P. falciparum and P. falciparum in
sulture} are stained in shades of blue, greenish
hive and purple with hrown to deep brown
nigments. Platelets and red bloond cells are not
stained. The stained parasites with their familiar
morphology are casily 1dentified within “the
anstatned red hlood cells (Fig.1). Detection of
parasites is 2asy since the shide 1s examined at a
magnification of 400X and also the stained
parasitized cells stand out against the translucent
background. in fact all stages of Pvivax and
crescents of P, falciparuny are easily identifiable
at 250X magnification while the P. falciparum
rings which are small could generally be seen best
at 400x magnification, Examination of parasit-
ized cells at 100X may be required 1o study the
structural details of the parasite.
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Fig, 1 Arrow showine stained rarisile amongst e
unstained RBCs

We cesied this techngque in the ficld m Delkb
And pearby villages. A total of 732 blood samples
were examined. One drop ol blood from linger
arick was taken on g microshide and mixed witha
Jrop of stain. At tmes blood was alse mixed
with the stain in small vials in the field and
rranmported to the laboratory lor examination,
<oncurrently thin blood smears were prepared
aad stained with JSI Examination of slides
stained with vital dye revealed 217 Povivax anid

VL M JUNE 1983

T2 P falcipgrum cases. Smear examination
revealed 210 P. vivax and 70 P, falciparum cases.
Re-cxamination of these smears revealed 9
parasite positive slides which were missed in the
tirst blood smear examination. It was also
estimated that the new technigue was about §
umes (aster than the existing method of biood
sinear examindation. The technigue was found
simple,  rapid. seonomical
in the detection of malaria parasite positive
vase. The application of this technigue in
smalaria clinics and routine surveillance woulc
provide an opportunity of an carly admini-
stration of the correct anumalarials to the
parasite positive cases. The procedure would
also obviate the need of presumptive treatment.
and v turn help in extending the usetullife of the
antimalanals.

accurate,  and
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Variations in Omamentation of

Paipt ol Anupheles

sundaicus Rodenwaldt (1925) Collected from Andaman

Isiands, India

3% NAGEAL awd VOB STHEARMA

Anupheles (Cellia) spndaicus s disinbuted
indta, Bangladesh. Burma, lndo-China, Thai-
tand, Malaysia, Singapore. Indonesia, Sunda
Istand, South Sulawsi and China. In India it was
reported from West Bengal, Orissa, Coastal
regions ol Andhra Pradosh and Andaman {Rao.
PUR1Y Foas one of the nest mporiant maiana
carrying species in India (Chrstophers, 1933).
Aporozoites and oocysts posifive specimens were
recorded from Bengal (Iyvengar, 1931 and Sen,
1938), Orisda (Scnior White er af., 1939, Pani-
grahi, 1942 and Covell er al., 1942) and Anda-
mans (Covell, 1927},

dMoarphological variasions m Indian Anophelines
meluding some vectors of mafaria have been
dusctibed by Ramukrishna (1234) Subramanian
akd wavendra (19353, Bhatnagar ed al., (1938),
Fajagopal and Chakraborty (1960} and Wattal er
ai.. {1960%. During Junvary-February 1982, a
rowal of 368 specimens of AL sundaicus were
collected from South and Middle Andaman.
Adalt specimens of A4, wwumdaicus were collected
fram the cattie sheds and human dwellings. using

ievepred for prblionion: £L Sepiember 1983
Madania Research Ceptre (8 M I0G

22 Sham Nath Marp,

Pheibi L HNSS.

the suction tube and pyrethrum space spray
muthods. arval collectians were made from the
crecks and streams of village Sipighat with the
help of a dipper. Gut of 360 specimens, 262 adults
were collected from a single village Sipighat
isouth Andaman) and one adult was collected in
the evening from cattle sheds from village Bakun-
tala (Middle Andaman). In all night baited col-
fecnons, M speamens of A, sundaicus were
collected from twe cattle baits (5.30 p.m. to 2.30
a.m.) and 2 specimens were cellected from two
fuman baits (530 p.m. 1o 6.30 p.m.) from village
Sipighat. From the larval collections of village
Sipighat 47 A, sundaicus cmerged These larvae
were found breeding with other Ancpholines spe-
aes such as A vagis, AL suhpictuy and 4,
ST

Faght adult female specimens of 4. sundaicis.
colleeted from Sipghat viliage showed varia-
tionn i Lhe palpal banding. The palpi had four
rvpes ol banding patterns. En the typical speci-
mens the lenzth of apead pale and preapical dark
hands has been found to be 0.3 mmand 0.3 mm
raapectively. Tn comparison to the typical palpi
af ot sundaicus the tength of apical paile and
mreamica. dark biands in variants has been found
e be, G306 mm apical pale band and 0.30 mm
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Plate . vaiazion w the ornamentabion ai palpi of A, sundgicus.
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Table t. Morphological varistion in A, sundaicus collected from village Sipighat (South Andamen).

Seqial number
uf variations

Date of

Number of

Notes on wariations of palpi from
the type form

collecnon Specimens
collected
T 14,182 1
21182 2
2 5.2.82 {
16.2.82 [
3 §3.4 B2 !
23282 '
4 J8.2K2 t

Apical pale band short (0.53x) as compared to the
preapical dark band in both palpi, Fig. 1.

Apecal pade hand long (2.1 3.1 x) as compared to
the preapical dark band in both palpi. Fig. 3.

Preapical palc hand absent in both palps, Fig. 4,

A exid dark band un the apical pale band of ane
oalpus. Fig. 5.

*Type Form palp--length of the apical pale band €.3] mm and preapical dark band (.30 mm, Fig. [

preapical dark band. and (1) 0.31 mm G.46 mm
apical pale band and 0.15 mm preapical dark
band. Drawings of these variations in relarive
sizes were made and have been presented in Plate

b Details of palpt vanations, site, and date of

collsction are given in Tahle . All the eight
specimens have been preserved in the taxonomy
section of Malaria Rescarch Cemtre. Such varia-
tians in the palpal banding of A, sundeicus, have
not been reported so far,
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Anopheling Names, Their Derivations and Histories

by James B. Kitzmiller

Thomas H.0. Altken!

From time to time one chances on a book which
refuses to be put down untilit has been read {rom
cover to cover. Kitzmiller's“Anophehine Names™
talls in such a category, but ] hastentoadd it was
not non-stop reading on my part. The book is
much too long (and | am a slow reader). How-
ever, like a hutterfly flitting from flower to
flower, I found myself icafing here and there for
“nectar delights™, searching for entomological
heraes of yesteryear who had been blessed with
assighments to some far away romantic spot.

Perhaps | am hased in my thoughts since all of
my life I have yvearned for a life abroad. and,
indeed. ! began such a career at the age of seven,
Ft wasn't until college days, however, when | had
ample opportunity to glean among the tropical
medicine, travel and natural history books of my
college fibrary that my imagination was really
fired to the point where tropical service had 1o be
my goal. 1 avidly read accounts of [Rth and 19th
century naturalists and medical officers who
were unravelting the mysterious life cycles of

Yale Arbovirus Reseaich 'nnt

Deptt. of Epidemiology and Public Health
60 College Street

New Haven, CT. 06510

parasites. pathogens, mosquitoes and what not
in such distant places as the Straits Settlements,
the Western (hats, the upper reaches of the
Conga, etc. What I'm trying to say is that 1
wanted to experience the (1o me)exciting lives of
such heroes as Ronald Ross (185%7), Wilhelm
Schuffner (1867), Oswaldo Cruz (1872), Mal-
volm Watson (1873}, Rickard Christaphers
(1873). Jacques Schwetz (1876), Emile Brumpt
{1877}, Carlos Chagas (1879), Emile Roubanud
(1882), John Sinton (1884}, Raymond Shanfion
(1894), and a host of others.

Many of these tropical medicine specialists
(medical men, entomologists, parasitologists,
ete.) bear names well known in the field, but
there are others more obscure and how much do
we really know about any of them? What were
their origins. what was their schooling and what
influenced their lives? How did it happen they
were posted to Sarawak or Timbuktu? Howdid a
medical doctor hecome involved in mosquito
taxonomy er mosquito cantral? Obituaries and
biographies abaund but they are widely scat-
tered. The stornies are all here {or most of them),
some read like western thollers or John Masters’
“The T_otus and the Wind™, vide baileyi. Jim
Kitzmiller has put together a fascinating accoumt
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al oae aspect o tropreal medicine  history
rhrough his biographical accounts of a multitude
of individuals associated with anopheline mosqui-
woes. These sketches may be very detasied (wit-
nesg over 5 pages devoted to Clara Ludiow} and
provide an enlightening insight into the develoap-
ment of knowledge on a vanety of discases but
with emphasis on malaria. One poignant histori-
z4l reminder are the name of those workers
whose lives were cut short in the World War ]]
conflict in the Pacific.

ot ondy oare all patropymies beautifully and
sainstakingly researched but other specitic (and
generic) epithets of a descriptive or geographic
nature are analyzed in a most scholariy tashion.
it has always unsettled me that so many voung
students fail to understand the naming of the
msects they are working with. A part of the fun of
studying a group of ammals (or plants) is in
knowing their historical background. This bock
% a most useful and entertaining md in this
espect, especially to young cuiicidologisis but
150 to the broader group of biclogists as well. |
note with pleasure the books dedication to John
Alexander Reid, outstanding student of sou-
theast Astan anopheline biology and classifi-
cation.

Time has not permitted reading all of the 767
entries, but rest assured they will be read by me
and many times over. Very few errors mar the
hook. Aside from seme printer’s errors, the fol-
lowing are noted: p. 173 (edwardsi} spelling of
Blephariceridae (par.4); p. 177 (emifianusy spell-
ing of Emilio; p. 187 (Feltinells) speliing of Eph-
raim; p. 48] (sawyeri} spelling of Hudson (pat.
3; p. 491 (shannoni) discovery and isolation of
vellow fever virus from Haemagogus, with due
respect to Ray Shannon, is a controversial sub-
ject involving several investigators and is per-
haps best stated in a less definilive manner.
Shannon's posting to Trinidad was to a Rocke-
feller Foundation malaria laboratory: the Tri-
nidad Regional Virus Lahoratory was
established after the war in 1954. A frequently
cited biographical reference in the text is that of
Pamela Gilbert which 1s*lost™ on p. 589; it would
have been helpful to fist it again among the *G%”
on p. 596

e baok is printed by the photo oifsct process,
vit640 pp, with a Preface written by | eonard
Fan Bruce-Chwatt. It represents Volume VIII
1982 of the Themas Say Foundation published
by the Entomotogical Society of America.
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