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Laboratory Studies of Pyrethroid-Netting
Combinations to Kill Mosquitoes

B.R. JANA-KARA, T. ADAK, C.F. CURTIS? and V.P. SHARMA

Bioassays of cotton or synthetic netting, impregnated with one of two for-
mulations of deltamethrin or a formulation of lambda-cyhalothrin, showed
“that the order of merit of these insecticides varied significantly with the type
of netting used. Washing reduced the insecticidal power of all combinations
of insecticide and netting. Halving the time of exposure and doubling the
dose tended to increase the mortality. Different An. stephensi strains varied
significantly in susceptibility. Netting (5 to 8 mm mesh) impregnated with
deltamethrin was effective in killing mosquitoes which penetrated the net-

ting in search of an animal host.

Keywords: An. stephensi, Deltamethrin, Impregnated bednets, Lambda-cyhalo-
thrin, Pyrethroid-Netting combinations

INTRODUCTION

For most of the numerous trials of
pyrethroid-impregnated bednets, an
arbitrary choice has been made of
which pyrethroid compound and for-
mulation and which type of cotton or
synthetic fibre netting to use. How-
ever, to make the method optimally

_cost-effective, information is requir-
‘ed on the relative insecticidal perfor-

mance of different pyrethroid-netting
combinations. This information will
have to be assessed in the light of
data on costs, availability, preferences
of the population concerned and
side effects, if any, of the different
materials.

Malaria Research Centre, 22-Sham Nath Marg, Delhi-110 054, India.
ALondon School of Hygiene and Tropical Medicine, London, U.K.
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It would be hardly feasible to test all
possible insecticide-netting combina-

tions in the field. However, bioassays,

involving exposure of mosquitoes to im-
pregnated netting for timed intervals
and subsequently recording mortality,
are a useful preliminary screening
method. The exposure should be only
for a few minutes! and not for one
hour conventionally used with less
potent insecticides because: (i) one
hour is not a realistic representation
of the behaviour of free-flying mosqui-
toes which are irritated by pyrethroids
and do not rest on them for long?; (ii)
one hour's exposure to any deposit of
a pyrethroid at a concentration likely
to be used on bednets would kill 100%;
under these conditions of “overkill” it
would not be possible to distinguish
an inferior from a superior pyrethroid-
netting combination.

Hossain et al3 tested permethrin on
a variety of fabrics and showed that
it was more effective on synthetic fi-
bres than on cotton. They also show-
ed that, unlike with older insecticides,
there was not an equivalence of time
and exposure - halving the time and
doubling the dose increased the mor-
tality. Anopheles gambiae was found

to be more susceptible' than Culex

' quinquefasciatus.

Lindsay et al.? tested a range of pyre-
throids on polyester netting and at-
tempted to quantify the effect of wash-
ing the netting. The alpha-cyano pyre-
throid lambda-cyhalothrin gave 100%
mortality of An. gambiae after 3 min

exposure to 25 mg/m? even after four
washes. Deltamethrin is another al-
pha-cyano compound of high insecti-
cidal power, and an emulsifiable con-
centrate was used to apply the same
dose as for lambda-cyhalothrin (unlike
all the other pyrethroids where a dose
of at least 100 mg/m? was considered
necessary). Deltamethrin deposits
caused 100% mortality when un-
washed, but mortality declined after
washing.

Most projects have used emulsifiable
concentrates for net impregnation but
in Guangdong Province, China, wet-
table powder was used>.

Some people in hot humid climates find
that conventional bednets cause an in-
tolerable restriction in ventilation.
Therefore, Kurihara et al.® and Hossain
and Curtis” studied impregnated
broad-mesh netting which may be
more comfortable for the user but still
effective in preventing mosquito biting,

The possible evolution of pyrethroid re-
sistance by Anopheles vector popula-
tions is of great concern. Laboratory
selection has produced resistance in
several strains of the urban malaria
vector An. stephensi®10. Enhanced
natural tolerance of unselected strains
may be indicative of a capacity to re-
spond to selection after the introduc-
tion of widespread use of impregnated
nets. This paper describes bioassays of
two formulations of deltamethrin and
one of lambda-cyhalothrin. The effects
of varying time, dose, formulation,
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washing and mosquito strain are
illustrated and submitted to analysis
of variance. The effectiveness of delta-
methrin-impregnated broad-mesh net-
ting is shown.

MATERIALS AND METHODS
Mosquito strains

Anopheles stephensi: (i) Delhi, col-
lected in Okhla area in 1987 and
colonised at the Malaria Research
Centre by conventional methods until
the tests were carried out in 1989; (ii)
Assam, collected in Sonapur in 1988
and colonised as for the Delhi strain;
and (iii) Madras, colonised in 1987 as
for the Delhi strain.

Culex quinquefasciatus: Collected in
Delhi in 1987 and colonised as for the
An. stephensi strains.

Netting

Cotton: mesh 1.5 mm, thread diam-
eter 0.1 mm.

Nylon: mesh 2 mm, thread diameter
0.2 mm.

Polyethylene: mesh 1.8 mm (irregu-
lar and loosely woven), thread diam-
eter 0.1 mm.

Green, wide mesh nylon: mesh 5x3
mm, thread diameter 0.5 mm.

White fishing net: mesh 8 mm,
thread diameter 0.8 mm.

Insecticides

Deltamethrin: (K-othrine from Roussel
Uclaf) 2.5% flowable formulation and
2.5% wettable powder (WP).

. Lambda-cyhalothrin: (Icon from ICI)

5% emulsifiable concentrate (EC).

Aqueous mixtures of each of the con-
centrates was made up at concentra-
tions designed to give the desired
dosages on the netting samples, tak-
ing into account the amount of lig-
uid retained by the fabric concerned
after dipping and hand wringing.

Bioassays

Bioassays of unwashed nets: Mos-
quitoes of the Delhi strains of An.
stephensi and Cx. quinquefasciatus
were tested with cotton, nylon and
polyethylene netting impregnated with
six doses ranging from 5 to 25 mg/m?
with aqueous mixtures made from
flowable or WP formulations of delta-
methrin or EC of lambda-cyhalothrin.
An. stephensi was exposed for 30 s,
1 min and 3 min. With Cx. quinque-
Jfasciatus, exposures of 5 and 10 min
were also tested. Each combination of
formulation, netting, dose and time was
replicated three times.

Batches of 20-25 blood-fed, 3 to 5-day-
old fermale mosquitoes were used for
bioassays. Exposures were carried out
in WHO susceptibility test kits lined
with impregnated or unimpregnated
control netting pieces stiffened by tap-
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ing them to filter paper. Exposures were
at 25°C. Knockdown was observed 1 h
after the end of exposure and mortal-
ity was scored after 24 h. For some
tests nets were washed with laundry
soap under cold running water with
hand rubbing for 2 min. Each test was
replicated three times with concurrent
controls. Where control mortality ex-
ceeded 20% the day's data were re-
jected and the test was repeated.

The broad-mesh, fishing net was
tested in a double cage with the net-
ting placed as a barrier between the
two cages. The mosquitoes were intro-
duced into cage A and a rabbit was
placed as a bait in cage B. After 1 h
the numbers of fed and unfed mos-
quitoes were recorded and all were
removed to a holding cage. Mortality
was recorded 24 h later.

RESULTS AND DISCUSSION

The results in terms of per cent knock-
down at 1 h and per cent mortality at
24 h showed the same general pattern
and in this paper only the 24 h mor-
tality data are presented. The mortality
data were initially subjected to log dose/
probit mortality analysis, but it was
found that there was a highly signifi-
cant heterogeneity about the fitted re-
gression lines, so that the confidence
limits of LD50 values could not be re-
liably determined. Instead, the per cent
mortalities were arcsine transformed,
which improved their fit to normal
distributions. The transformed data
for each mosquito genus were submit-
ted to factorial analysis of variance by

dose, time of exposure, insecticide and
type of netting with the results shown
in Table 1 for An. stephensi and in
Table 2 for Cx. quinquefasciatus. All
the main effects were highly signifi-
cant. However, the duration of expo-
sure did not have a strong influence
on mortality, e.g. for An. stephensi
increasing exposure from 30 s to 3 min
increased the overall mean mortality
only from 37.3 to 58.0%. Table 3 shows
pairs of instances where exposure time
was halved and dose was doubled. In
almost all cases this increased mortal-
ity, i.e. equivalence of dose and time do
not apply in contrast to older, less
potent insecticides!!. This conclusion
agrees with that of Hossain and Curtis?
for permethrin. The fact that short ex-
posures to pyrethroids are disproper-
tionately effective is favourable to their
efficiency on bednets which mosqui-
toes contact only fleetingly.

Tables 1 and 2 show highly significant
netting insecticide interactions and
Fig. 1(a) and (b) illustrate the fact that
the order of merit of the insecticide
formulations varies with the type of
netting, e.g. deltamethrin WP is better
than flowable on cotton but worse on
synthetic fibres. In some parts of In-
dia, cotton nets are more widely avail-
able than synthetic ones and for a field
trial of deltamethrin-impregnated nets
in Assam deltamethrin WP on cotton
was successfully used!2,

Effect of washing

The bioassays were repeated with An.
stephensi on new netting samples
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Table 1. Analysis of variance of % mortality of An. stephensi exposed to a range of
doses, exposure times, netting materials and insecticide formulations

Source of variation DF SS MS F value
Main effects
Dose 5 1.1861 0.2372 10.36™*
Time 2 1.2042 0.6021 26.29"
Netting 2 1.4122 0.7060 30.83"™
Insecticide 2 1.2996 0.6498 28.37™
Interactions
Dose x Time 10 0.1863 0.0186 n.s.
Dose x Netting 10 0.3379 0.0338 n.s.
Time x Netting 4 0.0491 0.0123 n.s.
Time x Insecticide 4 0.2610 0.0653 2.85 n.s.
Dose x Insecticide 10 0.4493 0.0449 1.96 n.s.
Netting x Insecticide 4 2.0220 0.5055 22.07**
Dose x Time x Netting 20 0.3200 0.0160 n.s.
Dose x Time x Insecticide 20 0.5947 0.0297 1.s.
Dose x Netting x Insecticide 20 0.4979 0.0249 n.s.
Time x Netting x Insecticide 8 0.1793 0.0224 n.s.
Residual 40 0.8553 0.0214
Residual incorporating non- 132 3.0205 0.0229

significant interactions
Total 293 13.8754

DF - Degrees of freedom; SS - Sum of squares; MS - Mean square; “p<0.001; *p < 0.01;
n.s. - Nonsignificant; L.S.D. for netting/insecticide combination = 0.095; F based on residual

incorporating nonsignificant iriteractions.

which were initially unwashed, as be-
fore, and, subsequently, washed.
Analysis of variance (not shown) con-
firmed the above conclusions and also
showed a highly significant effect of
washing, which is illustrated in Fig. 2.
It is notable that the ranking of the
different combinations of netting and
insecticide remains almost the same

after washing as before. It might have
been expected that WP would be more
readily rubbed off netting during wash-
ing than flowable formulation, but this
appears not to be the case. Neverthe-
less, bioassays of nets impregnated
with WP and in domestic use showed
a steep decline in insecticidal power
over a nine-month period!2.
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Comparison of different An. ste-
phensi strains

Table 4 shows analysis of variance of
data from deltamethrin flowable tested
on the three different types of netting
against three different Indian strains

of An. stephensi. These strains differed
highly significantly, with the Assam
and Madras strains being much more
tolerant than the Delhi strain (Fig. 3).
So far, the introduction of impregnated
nets in Assam has been in rural areas
where An. minimus is the malaria vec-

Table 2. Analysis of variance of % mortality of Cx. quinquefasciatus exposed to a
range of doses, exposure times, netting materials and insecticide formulations

F value

Scource of variation DF SS MS
Main effects
Dose 5 2.6636 0.5327 204.9™
Time 4 1.9610 0.4902 188.5™
Netting 2 0.3347 0.1673 64.35"
Insecticide 2 0.9669 0.4834 185.9%*
Interactions
Dose x Time 20 0.0484 0.0024 n.s.
Dose x Netting 10 0.0164 0.0016 n.s.
Time x Netting 8 0.1029 0.0129 4.96™
Dose x Insecticide 10 0.0805 0.0080 3.07**
Time x Insecticide 8 0.3823 0.0478 18.38"
Netting x Insecticide 4 1.2455 0.3113 119.7*+
Dose x Time x Netting 40 0.1407 0.0035 n.s.
Dose x Time x Insecticide 40 0.0798 0.0019 n.s.
Dose x Netting x Insecticide 20 0.1052 0.0053 2.04*
Time x Netting x Insecticide 16 0.3614 0.0226 8.69"+
Residual 80 0.2000 0.0025
Residual incorporating non- 190 0.4853 0.0026

significant interactions
Total 459 9.1746

DF — Degrees of freedom; SS — Sum of squares; MS — Mean square; ‘p<0.001; * p <0.01;
n.s. —Nonsignificant; L.S.D. for netting/insecticide combination = 0.025; F based on residual

incorporating nonsignificant interactions.
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(a) An. stephenal

% mortality

100 g
Delta flowable

80
80

’_ Delta WP

Lambda EC
40 F E ]
20f \
o :
Cotton Nylon Polyathiylena
(b) Cx. quinquefaeciatue

% mortality
100
80 Lambda -EC
80}

Delta fiowable Delta WP
A0 %
20 i retand
0 N sessss

Cotton Nylon Polyathylene

Fig. 1: Mean mortalities of (a) An. stephensi {30 s to 3 min exposures) and (b) Cx.
quinquefasciatus (30 s to 10 min exposures) on different combinations of
netting and insecticide formulation. The means are obtained by back-
transforming the means of the arcsine values used in the analysis of
variance
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% mortality
100 -
increase If
unwashed
l " Lambda EC
Slely washed
Delta flow,
waghed Delta WP
a0k washed
40 r-
201 -

Cotton Nyion Polyathylena

Fig. 2: Mean mortalities of An. stephensi on different combinations of insecticide
and netting with or without washing; the white section of each column
indicates the increase in mortality with unwashed, as compared with
washed, nets of the same insecticide/netting category

Table 3. Time-dose-response relationship of An. stephensi and Cx. quinquefasciatus
exposed to insecticide-impregnated netting materials

Exposure Dose % mortality of | % mortality of
time (mg/m?) An, stephensi Cx. quinquefasciatus
1 min 5 ' 38.56 18.14

30s 10 38.56 (0) 15.88 {-)

1 min s 7.5 42.48 22.15

30s 15 45.46 (+) 30.95 (+)

1 min 12.5 31.88 32.82

30s 25 46.46 (+) 36.62 (+)

10 min 5 - 29.12

5 min 10 - 30.95 (+)

10 min 7.5 - 34.71

5 min 15 - 44.47 (+}

10 min 12.5 - 49.46

5 min 25 v - 53.45 (+)

(+)indicates greater effect of the shorter exposure time with the higher dosage; (-) indicates lesser
effect of the shorter time exposure with the higher dosage; (0} indicates no change on doubling
the dose and halving the exposure time.
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Table 4. Analysis of varlance of % mortality of An. stephensi strains exposed to
flowable deltamethrin-impregnated netting at 25 mg/m?2

Source of DF SN ] MS F value
variation

Main effects

Time 2 0.0442 0.0221 4.25 n.s.
Netting 2 0.7439 0.3719 71.52"
Strain 2 0.6904 0.3452 66.38"
Interactions

Time x Netting 4 0.0354 0.0089 1.71 n.s.
Time x Strain 4 0.0463 0.0116 2.23 n.s.
Netting x Strain 4 0.4022 0.1005 , 19.23%
Residual 8 0.0420 0.0052

Total 26 2.0044

DF — Degrees of freedom; SS — Sum of squares; MS — Mean square; *p<0.001; *p<0.01;

n.s. — Nonsignificant.

tor and the urban vector An. stephensi
has not been recorded!2.

Broad-mesh netting

Table 5 shows the results of cage tests
of two types of broad-mesh netting im-
pregnated with deltamethrin. The green
5 mm netting was more effective than
the white fishing net in preventing
mosquito penetration in search of an
animal bait. However, with both types
of impregnated net, very few mosqui-
toes fed or survived.

CONCLUSIONS

(1) The bioassays showed that the or-
der of merit of different insecticide
formulations may vary with the type
of netting. This fact should be taken

2)

3)

(4)

into account, especially where the
choice of materials for field trials
or operations is not constrained by
local availability.

Washing of impregnated nets re-
duces their insecticidal power and,
as far as possible, communities
should coordinate their washing of
bednets at a time just before re-
impregnation is due.

Strains of An. stephensi vary in
susceptibility to killing by impreg-
nated nets. It seems possible that
greater tolerance may be indica-
tive of a higher potential to evolve
resistance to a level which would
seriously impede the effectiveness
of impregnated bednets.

Deltamethrin-impregnated broad-
mesh netting is effective in pre-
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% mortality

100

Nylon

60

Polyethylene

|

20

Delhi Madras

Fig. 3: Mortality .of three different Indian strains of An. stepherisi on flowable

deltamethrin applied to three types of netting

Table 5. Results of Anopheles stephensi released in a cage containing a rabbit

behind a wide mesh netting impregnated with deltamethrin flowable

formulation, at 25 mg/m?2

Thread Treated/ 9% mosquitoes % exclud- % fed % reduc- % %
dia. and Untreat-  caught in ed from tion in feed- sur- mort-
colour ed cage B(*) cage B(¥) ing (*) vival tality
0.5 mm green Treated 18.9 67.6 0.8 98.3 1.6 98.2
Untreated 58.3 - 47 - 88 -
0.8 mm white Treated 39.7 17.5 1.6 96.5 3.5 96.4
Untreated 48.1 - 46.2 - 97.5 -

% success in treated x 100

(*) corrected for control : 100 - {
% success in control

Note: Results derived from pooling the data of three replicates with a total of 500 to 630

mosquitoes.
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venting feeding and in killing mos-
quitoes even though the mesh
size is much too large to act as a
physical barrier. Presumably the
mosquitoes pause on the netting
fibres before flying through and thus
pick up a lethal dose.
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The Host Immune Responses to Plasmodium
Sfalciparum: Part II — T-cell Regulation of
Human Immune Responses to Pf155/RESA,
A Well-Defined Blood-Stage Antigen of
Plasmodium falciparum: A Review

LALITHA KABILAN

This review gives a brief summary of the T-cell epitopes in Pf155/RESA and how
these T-cell epitopes on activation in vitro regulate Pf155/RESA-induced immune
‘responses. It also discusses the genetic control of immune responses against

Pf155/RESA.

Keywords: Immune response, P155/RESA, Plasmodium falciparum, T-cell

INTRODUCTION

Malaria control has had a high prior-
ity for the past 50 years in malaria-
endemic areas and successful results
were obtained for a period of time.
However, malaria reappeared in most
places for several reasons: At present,
a vaccine against malaria is’ consi-
dered as a powerful tool in malarid
controll.

Acquired immunity by natural infec-
tion is a prerequisite for survival in
endemic areas. The involvement of vari-
ous effect or mechanisms in induction
of protective immunity against malaria
is complex and not yet clearly known.
Although antimalarial immunity is both
antibody- and cell-mediated?, most
antibody responses are T-cell-depen-
dent. Since priming of T-cell system is
essential for the development and

Malaria Research Centre (ICMR), 2, Nanak Encfave,

Delhi-110 009, India.
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maintenance of this immunity3, the ef-
ficacy of an antigen as a malaria vac-
cine depends to a great extent on the
T-cell recognition sites and the nature
of the responses induced by these de-
terminants®. Failure of vaccination
trials in humans with circumsporozoite
protein of Plasmodium falciparum® em-
phasizes the importance of T-cell-re-
active sites in vaccine candidate anti-
gens. An understanding of epitope-
specific T-cell responses to an immuno-
gen in populations naturally exposed
to malaria is essential to select suit-
able epitopes from the immunogen to
be included in a subunit vaccine.

The P, falciparum antigen Pf155/RESA
(ring-infected erythrocyte surface anti-
gen), which is deposited in the erythro-
cyte membrane at parasite invasion®,
is generally considered to be a sub-
unit vaccine against blood stage”. The
molecular structure of this antigen
showed two extensive blocks of tan-
demly repeated amino acid sequences®.
The 3' repeat region is shown to be
conserved in different Pfisolates® and
consists of an eight amino acid
(EENVEHDA x 5) sequence followed by
more than 30 times tandem repeat of
four amino acid (EENV in one letter
code) sequence. The 5' repeat block
consists of DDEHVEEPTVA repeated
twice and with minor variations an-
other five times. ‘

Studies have revealed the presence B-
cell epitopes?19 in the immunodomi-
nant repeat domains. This review gives
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a brief summary of the T-cell epitopes
in Pf155/RESA and how these T-cell
epitopes on activation in vitro regulate
Pf155/RESA-induced immune re-
sponses. It also discusses the genetic
control of immune responses against
Pf155/RESA.

T-Cell epitope mapping in Pf155/
RESA

In order to define immunodominant de-
terminants in Pf155/RESA recognized
by T-cells which are suitable for inclu-
sion in a subunit malaria vaccine,
PfI55/RESA was mapped for T-ccll-
reactive sites. Crude Pfschizont prepa-
ration, semi-purified, enriched Pf155/
RESA and synthetic peptides (15 to 30
amino acids long) representing differ-
ent sequences from repeat and non-
repeat regions of 3' and 5 terminal
regions were used as stimulants to
activate in vitro of T-cells from Pf
primed donors. Peptides used for pro-
liferation assay were selected on the
basis of high alpha amphipathic score
which is predicted to have T-cell sites!!.
In vitro T-cell proliferative responses
were measured by thymidine incorpo-
ration and supernatants from T-cell
cultures were tested for IFN-gamma
release by ELISA!2:13  Antibody
reactivities in the plasmas collected
from primed donors to the correspond-
ing peptides used for T-cell activation
were estimated by ELISA7 (enzyme-
linked immunosorbent assay). Donors
with no previous history of exposure to
malaria were used as controls.
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There was considerable variation of the
responses.to the peptides among the
primed donors. None of the peptides
elicited a positive response in all the
donors. A majority of the donors re-
sponded to Pf155/RESA, whereas only
40% of the donors elicited a positive
response to peptides suggesting that
the protein may contain T-cell epitopes
not covered by the peptidel2. In gen-
eral, donors who responded to
oligopeptide also responded to native
Pf155/RESA. A few exceptions re-
sponded to only peptides and not to
the native protein. Whether these re-
sponses are due to cross-reactions to
other Pf antigens needs to be investi-
gated. However, cross-reactions at cel-
lular level between peptides have been
reported!4, Whether non-responsive-
ness to the malarial antigen seen
among some primed donors in these
experiments is due to genetic control,
or to the reflection of the immune sta-
tus of individuals, is yet to be proved.

More donors responded to epitopes in
the repeat region than to the non-
repeating sequences!®. Two pep-
tides, (EENVEHDAEENVEENV), and
(YDEENVEEHDEEYDE), from the 3' re-
peat region were the best stimulators.
Proliferative experiments with peptides
containing either EENVEHDA or EENV
or a mixture of these two revealed that
the mixture had additive effects sug-
gesting the presence of two or more
distinct or cross-reacting epitopes in
the EENVEHDAEENVEENV sequence.
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None of unprimed donors responded -
to any of the peptides!®-12,

IFN-gamma responses

Cytokines considered to be of interest
in malaria are the interferons. Anti-
gen-induced IFN-gamma release may
be a reflection of cell-mediated anti-
body-independent immunity. IFN-
gamma has been shown to be involved
in the protective inmune responses to
malarial® and therefore measurement
of IFN-gamma secretion in vitro may
be a useful and sensitive indicator of
cellular immunity in P. falciparum ma-
laria. Both the intact Pf155/RESA and
synthetic peptides induced T-cells from
primed donors to release IFN-gamma,
whereas no IFN-gamma was produced
by T-cells from control donors with no
previous malaria exposurel0.12.13,
Such a response may indicate the
existence of specific cellular mecha-
nisms involved in protective immunity
to malaria. However, only 30 to 40% of
the donors elicited a positive response
in these assays (ELISA).

To estimate the number of antigen-
specific responding T-cells, ELISPOT
{(enzyme-linked immunospot assay)!3,
an assay in which the actual number
of responding cells with specific func-
tion can be enumerated, has been used.
Oligopeptides from the 3' repeat region
induced T-cells from primed donors to
secrete IFN-gamma which was detected
by ELISPOT. The secreted cytokine was
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determined by ELISA. There was a sig-
nificant correlation between these two
assays. However, ELISPOT enables esti-
mation of malaria-specific memory
T-cells even when these are present at
numbers too low for determination of
IFN-gamma secretion in the culture su-
pernatant by ELISA!S,

T-cell regulation of humoral response
to Pf155/RESA in vitro production of
anti-malarial antibody in response to
Pf155/RESA is dependent upon T-
helper cells. To establish the presence
of T-helper epitopes in Pf155/RESA
which on activation can help B-cells,
parallel cultures of autologous T-cells,
B-cells and T/B-cell mixtures (2:1),
from Pf and P. vivax primed donors
were activated with crude Pf antigen,
RBC (red blood cell) control antigen,
Pf155/RESA-enriched antigen, and the
culture supernatants were harvested
and assayed for in vitro production of
immunoglobulins (Ig) and specific anti-
malarial antibody in ELISA and in
immunofluorescence respectivelym.
Antimalarial activity to total parasite
was determined on air-dried unfixed
parasite monolayers, whereas anti-
Pf155/RESA antibodies were deter-
mined by EMIF (erythrocyte membrane
immunofluorescence) on 1% GDA
(glutaraldehyde)-fixed air-dried mono-
layers of ring-infected erythrocytesS.

Very little immunoglobulin and no spe-
cific antibody secretion were detected
in the supernatants from T-cell cul-
tures, or from B-cell cultures in the
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absence of T-cells reflecting the T-cell
dependency. Anti-Pf antibodies were
found only in the cultures containing
T/B-cell mixtures stimulated with Pf
antigen!6. Using T/B-cell cooperation
system, synthetic peptides from Pf155/
RESA were reported to induce produc-
tion of parasite-specific antibodies in
vitrol”.

The induced specific antibodies were
primarily of IgG isotype suggesting that
the responses elicited here reflect the
secondary responses of primed cells in
vivo. This conclusion was also sup-
ported by the finding that secretion of
anti-Pf155/RESA was found in Pf155/
RESA seropositive donors with elevated
antibody titres to Pf155/RESA. The
importance of priming in vivo for the
outcome of experiments in vitro is be-
ing reported elsewhere in another an-
tigen systeml8.

In murine model, T-helper (TH) cells
were shown to belong to two subsets.
Upon activation, T-helper cells, desig-
nated as TH1, produce IL-2 and IFN-
gamma and TH2 produce IL-4 and
IL-519, To investigate the possible role
of TH1- and TH2-like cells in Pfprimed
donors, T-cells were activated with
Pf155/RESA-derived peptides and acti-
vation was measured by proliferation
IFN-gamma release, transcription or
translation of IL-4 mRNA. In Pf ex-
posed donors, IL-4 secretion or IL-4
mRNA expression by Pf155/RESA pep-

tides-induced T-cells was shown to
‘correlate with anti-peptide antibody



16

level in the corresponding sera of T-
cell donors, indicating that T-cell
epitopes in Pf155/RESA can induce
TH2-like T-cell subsets?0 which can
produce IL-4 and thus help B-cells se-
crete antibodies.

Correlation analysis of T-cell re-
sponses

In individual donor, there was no asso-
ciation between proliferation and IFN-
gamma secretion. Both these responses

were negatively correlated with the con-

centration of serum antibodies to the
corresponding peptides used for T-cell
activation10-12, This reinforces the im-
portance of including several para-
meters of T-cell activation in order to
estimate responses induced by differ-
ent epitopes. Lack of correlation be-
tween humoral response and prolifera-
tion may suggest that proliferation as-
says do not measure the activation of
T-cells that help B-cells!®. A signifi-
cant association between RESA pep-
tide-induced expression of IL-4 and the
presence of antibodies to the same
peptide suggest a causal relationship
between the activation of IL-4 produc-
ing T-cell subset and production of
anti-Pf155/RESA antibodies in donors
who attain clinical immumty following
natural mfection20

Lack of disassociation between Pf155/
RESA-induced proliferation and IL-4
and IFN-gamma secretion indicates the

presence of multipotential (THO) cells

capable of producing different lympho-
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kines or heterogeneous malaria-specific
T-cells from both TH1 and TH2. Al-
though human T-helper cells appear
to be heterogeneous with regard to
surface marker and lymphokine pro-
duction, the question of TH1- and TH2-
like subsets in humans remains con-
troversial.

Immune response to a conjugate of
MSA-1 (merozoite surface antigen-l)
and Pf155/RESA

Sequences from the 3' repeat region of
Pf155/RESA (EENVEHDAEENVEENV)
were conjugated with the 36 amino acid
long conserved sequences from the N’
terminal region of MSA-1 and tested
for in vitro proliferation and IFN-gamma
release. The hybrid peptide was found
to induce more frequent responses than
the peptide containing the MSA-1
sequence alone suggesting that Pf155/
RESA can increase the immunogenic-
ity if conjugated with other immuno-
gens?! derived from other stages of the
parasite as reported elsewhere?2.

Influence of Pf transmission seasons
over Pf155/RESA-induced immune
responses '

Investigations of immune responses (T-

- and B-cell responses) to Pf155/RESA

in different geographical regions of the
world which differ in malaria transmis-
sion were carried out. In The Gambia,
where the transmission is seasonal, it
has been reported that Pf155/RESA
peptide-specific T-cell responses per-
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sisted, whereas the antibody responses
showed a tendency to decrease during
the nontransmission season. In Liberia,
where the transmission is perennial and
intense, no differences were seen ei-
ther in T-cell or in antibody (B) re-
sponses, suggesting that different re-
quirements are needed for the boosting
of T- and B-cells!0. It is claimed that
persistent exposure to malaria is re-
quired to maintain antibody respon-
ses!0, However in Madagascar, a de-
crease in proliferative responses dur-
ing nontransmission season has been
reported!?. In this area malaria has
reappeared after twenty years of disap-
pearance, where the adult population
is not considered immune!7.

Are immune responses to Pf155/
RESA genetically controlled?

Association between MHC (Major His-
tocompatibility Complex) class 1I
types and immune responses to

Pf155/RESA

Non-responsiveness to an immunogen
seen in primed individuals has been
attributed to genetic (MHC) restriction.
An association between immune re-
sponse to CSP and different haplotypes
has been established in murine model°.
Attempts are being made to look for
association between various haplo-
types and immune responses to differ-
ent malaria immunogens in humans23,
In a sero-typing study of 10 Gambian
donors, an association between DRw13
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and a disassociation between DQ3 was
shown with lympho-proliferative re-
sponses to the TH2R and TH3R
epitopes of the Pf CSP protein?4. Analy-
sis of immune responses showed that
only 70% of clinically immune West
African population had antibodies to
Pf155/RESA. Whether the variations
in immune responses to Pf155/RESA
seen among different Pf primed donors
reflect genetic restrictions imposed on
immune responses by MHC II alleles
was investigated. T-cell responses from
primed Gambian were divided into
high, medium and low, and their
haplotypes were determined. No restric-
tion to any particular allele was seen
with either high, or low or medium
responders. In fact, frequently they
carried the same haplotype. Because
of high polymorphism of the HLA
molecule and the haplotype variation
among different population races and
ethnic groups, a large number of do-
nors need to be studied to detect any
association between a particular im-
mune response and HLA class II

types23.
Studies in twins

Studies of antimalaria immune re-
sponses in monozygotic and dizygotic
twins revealed that T-cell responses
and antibody responses to Pf155/RESA
were concordant among monozygotic
pairs as compared to the dizygotic
pairs. Thus, it appears that immune
responses induced by Pf155/RESA in
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Pf primed donors are genetically con-
trolled. However, investigation for an
association between immune response
and class II alleles did not reveal any
association between class II haplotypes
and immune response from monozy-
gotic twins. Thus, the influence of MHC
class II allele diversity on cellular and
humoral responses against immuno-
dominant epitopes Pf155/RESA is weak
and hard to demonstrate in outbred
human populations?>.

CONCLUSIONS

The design of a vaccine will not only
require identification of immunodomi-
nant antigens but also investigations
on the role of the various epitopes on
activation, that constitute the candi-
date antigens. Pf155/RESA, one of the
major vaccine candidates against
asexual blood-stage parasite of Plas-
modium falciparum, consists of anti-
body binding sites (B-cell epitopes). The
immunodominant conserved amino
acid repeat region of this molecule
contains multiple epitopes which can
induce in vitro T-cells from Pf primed
donors to proliferate, produce IFN-
gamma, and synthesize IL-4. Lack of
association seen between different
T-cell activities underlines the impor-
tance of including several functional
parameters of T-cell activation, when
estimating the proportion of individu-
als responding to a given epitope. Al-
though malaria-specific T-cells are
activated in a classically restricted
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manner, it was difficult to demonstrate
genetic restriction of immune response
against Pf155/RESA in outbred human
population. It is apparent that the
immune responses are genetically regu-
lated, possibly by genes outside the
MHC region. However, further studies
are urgently required to understand
the involvement of the other non-MHC
linked genetic factors in the regulation
of Pf155/RESA-induced immune re-
sponses.
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Phytotoxicological Evaluation of Tagetes
erectes on Aquatic Stages of Anopheles
stephensi

MANIK SHARMA and R.C. SAXENA

Petroleum ether (5%) in ethyl acetate fraction of Tagetes erectes showed toxic
activity against second and fourth instar larvae of Anopheles stephensi be-
low 100 ppm concentrations. The LC50 values for second and fourth instar
larvae were calculated to be 43 and 58 ppm respectively. The second in-
star larvae were more susceptible than the fourth instar larvae. The ex-
tract did not affect the larval developmental periocd. The growth-index of
treated mosquitoes was significant in comparison with that of the control
and untreated sets (p<0.001). Treatment with the extract had a significant
effect on the mortality and reduction in the adult emergence of the vector.

Keywords: Adult emergence, Anopheles stephensi, Growth regulation, ngetes
erectes '

insect vectors of public health impor-
tance. Plant insecticides, therefore, de-
serve a careful and thorough screen-
ing as biocides for vector control®. We

INTRODUCTION

Natural products of plant origin have
been tried in the recent past for a va-

riety of insect pests and vectors!-4, But
insecticides of plant origin have been
extensively used on agricultural pests
and, to a very limited extent, against

‘have studied the phytotoxicological ac-

tivity of Tegetes erectes (Compositae)
against a major malaria vector An.
stephensi.

P.G. Department of Zoology, S.S.L. Jain College, Vidisha-464 001, India.
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MATERIALS AND METHODS

The plant Tagetes erectes L., a scan-
dent found in the gardens and in pots
throughout the country, is known for
its repellent property. Its flowers were
collected in the full blooming season
in the months of November to Febru-
ary from the Indira Complex residen-
tial area in Vidisha town of Madhya
Pradesh. After proper identification by
a botanist a voucher specimen was
deposited in the laboratory for record.
The plant material was washed thor-
oughly with tap water and kept for
drying in shade for more than a month.
The air-dried material was powdered
to about 40-60 mesh size and extracted
with petroleum ether in a soxhlet ap-
paratus until exhaustion. The crude
extract was filtered and evaporated to
dryness under reduced pressure at
40°C.

The crude extract was purified by col-
umn and thin-layer chromatographic
techniques. A known quantity (500 mg)
of crude extract was slurried with a
small quantity of petroleum ether and
was allowed to adsorb on a silica gel
column packed in ethyl acetate and
was chromatographed over different
adsorbents. Six fractions (260 ml) were
collected. All fractions were monitored
over TLC until a single spot was ob-
tained. These fractions were taken in
glass vials and the solvent was allowed
to dry, and the dried fractions were
weighed and stored in a refrigerator
for bioassay experiments. '
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The bioassay technique

To carry out bioassay experiments,
laboratory-cultured strains of An. ste-
phensi L. were maintained with a pho-
toperiod of 14 h of light and 10 h
of darkness at 27+2°C and 75-85% RH.
The larvae were fed with a diet of finely
ground brewer’s yeast and dog biscuits
(3:1}. Adults were fed ad libitum on
10% sucrose solution as well as wa-
ter-soaked raisins. Females were al-
lowed to blood-feed from a restrained
rabbit three days after emergence.

After preliminary experiments with dif-
ferent concentrations of crude and frac-
tions, the purified fraction, coded as
T,, was found effective and selected for
further bioassay experiments. Differ-
ent concentrations ranging from 10 to
100 ppm were applied against second
and fourth instar larvae of the mos-

. quito, following the WHO methodology®.

Observations were recorded at an in-
terval of 24 h till the adults emerged.
Deformities, if any, and larval, pupal
and adult developmental periods were
recorded. The growth index of the
treated mosquitoes was calculated
in accordance with Saxena and
Sumithra’s procedure?. Statistical eva-
luation of data was carried out by pro-
bit analysis® and the level of signifi-
cance by Duncan’s multiple range test®.

RESULTS AND. DISCUSSION

The purified fraction obtained from
column chromatography and TLC us-
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SHARMA AND SAXENA: PHYTOTOXICOLOGY OF T. ERECTES ON AN. STEPHENSI

ing 5% petroleum ether in ethyl ac-
etate as solvent (coded as T,) was
found effective with 24 h LC50 of 52
and 83 ppm for second and fourth
instar larvae respectively. The second
instar larvae were more susceptible
than the fourth instars. The statisti-
cal data regarding LC50, regression
equation, chi-square, log LC50+SD
and 95% FL (fiducial limits) are given
in Table 1. The results of the treat-
ment with the fractions on second
and fourth instar larvae were found
significantly different from those of the
control and untreated sets (p<0.05).
Several such reports pertaining to the
toxic properties of plant products
against mosquitoes and other insect
pests are available!-10-13, The results
with the fractions showed a high con-
centration, i.e. more than 40 ppm
concentration was effective against the
aquatic stages of An. stephensi. The
findings of our study confirm the ear-
lier reports of Saxena and Sumithra?
who found that second instar larvae
of An. stephensi were more susceptible
than third and fourth instar larvae
when the acetone extract of Ipomea
cornea fistulosa was tested.

Table 2 shows a significant decrease
in the average larval, pupal and de-
velopmental periods (p<0.05) as com-
pared to control and untreated sets.
The growth index of the treated mos-
quitoes was also shorter than that of
the control and untreated sets (p<
0.001). This resulted in 40-92% mor-
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tality (fall in population). This may be
due to the involvement of certain
growth-regulating hormones in the
fraction. Several deformities, such as
larval-pupal intermediate and half-
ecdysed adults, were also observed dur-
ing the course of our study which are

~in concurrence with our earlier report

of mosquito larvicidal and growth dis-
rupting activities of Annona squamosa
extract against An. stephensi in which
the extract caused a significant differ-
ence in average larval, pupal and adult
developmental periods of the treated
mosquitoes3. Other investigators have
also reported homologous results?-14,
Saxena et al.14 have also described that
the petroleum ether extract of Agera-
tum conyzoides and four other plants
of family Compositae induced mani-
fold defects and decrease in the growth
index of the filaria vector Culex quin-
quefasciatus.

The findings of our study therefore
confirm that 5% petroleum ether in
ethyl acetate fraction (T,) causes toxic
and growth-regulating activities and
that it could be sucessfully employed
for reducing the vector density in the
aquatic ecosystem, particularly in pol-
luted water.
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Response of P. falciparum to Chloroquine

in Car Nicobar Island

A. GIRI and M.K. DAS

A study was conducted to determine the status of susceptibility of Plasmo-
dium falciparum to chloroquine in Car Nicobar Island during September 1991
to September 1992. Out of 66 patients selected for the study, 7 showed
resistance according to the standard WHO extended field test. Among them
five showed RI level of resistance and one each showed RIl and RIII levels

of resistance.

Keywords: Car Nicobar Island, Chloroquine resistance, Malaria, Plasmodium

Jalciparum

INTRODUCTION

Resistance to chloroquine in Plasmo-
dium falciparum has been reported
from different parts of the world!2. In
India it has also been reported from
many parts3-8, However, there has
been no record of any chloroquine re-
sistance from Car Nicobar Island
though it contributes a high number
of falciparum malaria cases every year.
The study was, therefore, undertaken

in MRC field station, Car Nicobar Is-
land, to determine the status of
chloroquine resistance. The results of
the study are reported here.

MATERIALS AND METHODS

Car Nicobar Island is situated in the
Bay of Bengal within the latitudes :of:
6°-10°N and longitudes:.of 92°-94°E,’
covering an area of 187 sq km. It has
a tribal . population :of 19,252 (1991

Malaria Research Centre (Field Station), Mafacéa, Car Nicobar-744 530'1;‘1'151"(11'&;
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census) of Mongoloid race.

The study was carried out from Sep-
tember 1991 to September 1992 ac-
cording to the 28-day in-vivo test
method laid down by WHO?.

Blood smears were collected from the
patients suffering from fever by bi-
ased fever survey conducted in all the
19 villages of this island. The cases
suffering from P. falciparum were se-
lected for the study, taking into con-
sideration their age, severity of illness,
consumption of antimalarials, etc.
Young children and old people were
excluded. Those suffering from severe
illness and chronic patients with tro-
phozoites and gametocytes were also
excluded from the test. Urine exami-
nation was carried out in the selected
patients in order to determine the
presence of chloroquine by Dill and
Glazko method!9. Those found posi-
tive were excluded from the test.

RESULTS

A total 10,435 blood smears were
collected for. selecting the patients.
Among them, 527 were positive for
malaria parasite, giving a slide posi-
tivity rate of 5.05. Among the posi-
tives, 279 had P. falciparum and 248
Plasmodium vivax.

Out of 279 P. falciparum cases, 73
were selected for the study. The WHO
in-vivo test could be completed in 66
patients. The results of the tests are
given in Table 1.

INDIAN J. MALARIOL., VOL. 31, MARCH 1994

From the table it can be seen that
59 (89.3%) showed normal suscepti-
bility to chloroquine. Five (7.5%)
showed RI response and only 1(1.5%)
each showed RII and RIII levels of re-
sistance. Seven patients out of 73
originally selected had to be taken
out of the test within 48 h of obser-
vation as their condition deteriorated
and they had to be given 1.V. quinine
or alternate antimalarial drugs. Ac-
cording to the criteria of Rieckmann
test!!, these cases can be categorised
as poor response or RIII level of re-
sistance.

DISCUSSION

At present, chloroquine resistance in
P. falciparum is widely prevalent in
different parts of India. This state of
affairs occurred during the last three
decades after the first reported ap-
pearance of this phenomenon in 1973
in Assam3. Das et al.5 reported 10.2%
RII level chloroquine resistance from
Little Andaman Island and 10.5% RI
level from Great Nicobar Island in
1981. However, we found 7.5% RI
and 1.5% RII and RIII levels of resis-
tance in Car Nicobar Island.

The problem of chloroquine resistance
can be reasonably solved now by
prompt and early detection of P.
Jalciparum cases and their treatment
with chloroquine. The alternate drugs
should be administered to only those
cases where parasite clearance does
not occur after 48 h of drug adminis-
tration and shows a tendency to in-
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Table 1. Response of P. falciparum to chloroquine in 66 patients of Car Nicobar
Island according to WHO in-vivo test

SL Locality No. Tribal and Status of chloroquine Remarks
No. tested Non-tribal resistance
S RI Rl R
1. Malacca 2 Tribal - - 1 1
2. IAF 25 Non-tribal 23 2 - - 1* Early and
3. Kenyuka 2 Tribal 2 - - — 1* Late
4. Chukchucha 1 Tribal - - -
5. Tapoiming 2 Tribal 2 - - -
6. Jayanthi 1 Tribal - 1+ - - Late*
7. Kinmai 2 Tribal 2 - - -
8. Teetop 11 Tribal 10 1+ - - Late*
9. Passa 6 Tribal 6 - - -
10. Sawai 2 Tribal 2 - - -
11. Arong 10 Tribal 9 1+ - - Late*
12. Aukchung 2 Non-tribal 2 - - -
Total 66 59 5 1 1

*Early recrudescence; *Late recrudescence.

crease. The situation, of course, needs
constant surveillance against the ap-
pearence of RIII level of resistance.
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Breeding Habitats of Anopheline Mosquitoes

in Assam

Keywords: Anophelines, Larval habitats, Paddy cultivation, Vector

As mosquitoes are known to breed in
a wide variety of habitats, it is essential
to determine species-specific breeding
habitats for species sanitation!2, In
Assam, mosquito fauna is rich and
breeding sites are innumerable owing
to heavy rainfall and high humidity,
rendering the environment conducive
for mosquito survival and proliferation.
More than 20 anopheline species have
been recorded, comprising a few ma-
laria vector species, namely An. minimus
(the principal vector), An. fluviatilis and
An. culicifacies. For vector control, re-

sidual insecticides have been used since
the commencement of National Malaria
Eradication Programme. There was
comparative freedom from malaria and
increase in acreage under cultivation
coupled with other socio-economic
developoment. Consequently, there have
been changes in bioecological charac-
teristics of certain vector species in
areas of their influence3.

In Southeast Asia, the rice agroeco-
system seems to support a good num-
ber of vectors of malaria and other

Malaria Research Centre (Field Station), Sonapur-782 402, India.
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Table 1. Breeding habitats of anopheline species in Assam
Species Larval habitats Paddy fields

Ponds Wells Ditch- Strea- Pits Bam-

Barren Sapl- 30 730 Ready After

es ms boo ings cm cm to harvest
holes harvest
An. aconitus + - - + + - - - - - + +
An. annularis + - + + - - + - + - - -
An. barbirostris  + + + + - - + + + + ~ +
An. culicifacies - - - + - - - - - - - _
An. jamesii + - - + - - - - - - - +
An. jeyporiensis - - - + - - - - - - - +
An. karwari - = - - - - - - + - - -
An. kochi + - + + - -~ + + + - + +
An. maculatus ~ + - - + + - - - + - - +
An. minimus - - - + - - - - + - + +
An. nigerrimus + + + + - - + + + + + +
An. pallidus + - - - - - - - - - - -
An. philippinensis + - - + + - + + + + + +
An. splendidus  + - + + - - - - + - + +
An. tessellatus - - - - - - - - + - +
An. vagus + + + + + - + + + + + +
An. varuna + - + + + - + - + - + +
Aedes - - - - - + - - - - _ _
Armigeres - - - - - + - - - - - -
Toxorhynchites - - + - - + - - - - - -
arboviral diseases?. In Assam valley, mission is perennial®>. Most of its

paddy is the major agricultural pro-
duce and the staple food for subsis-
tence. In many areas of the State,
particularly those located along foot-
hills, paddy is grown at the risk of
acquiring malaria infection transmit-
ted by the An. minimus. Sonapur PHC
(District Kamrup) is one such area
which is endemic for Pf and the trans-

malaria-endemic villages are located
along the foothills, and there are paddy
fields in the plains interspersed with
perennial streams. To ascertain the
mosquito breeding habitats and to
envisage anti-larval operations, breed-
ing surveys were conducted in this
malaria-ridden PHC. Larval samples
were taken from ponds, wells, ditches,
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streams, pits, bamboo holes and paddy
fields (at various stages of plant growth)
during the period from April 1988 to
March 1989. Immatures were reared
in laboratory till emergence and were
identified by the taxonomic keys of
Wattal and Kalra®.

In the breeding habitats surveyed, 17
anopheline species were recorded (Table
1). Paddy fields and perennial streams
accounted for the bulk of these species
which served as a major source for
mosquito breeding. In concurrence
with the observations of Muirhead
Thomson!, An. minimus breeding as
recorded in slow-flowing streams/
streamlets with grassy margins. Strea-
ms were also found positive for An.
culicifacies. The most common species,
namely An. philippinensis (nivipes), An.
vagus and An. nigerrimus (hyrcanus
group), were found breeding in a wide
variety of habitats but most predomi-
nantly in rice fields. Larval breeding of
these species were recorded at all stages
of paddy growth. However, most other
species had access to paddy fields up
to 60 cm of plant growth. All these
species were largely zoophilic. Of these,
An. philippinensis, though incriminated
in the past?, was perhaps a poor vector
owing to its zoophilic nature. Of the
remaining habitats, ponds were the
major site for a good number of species
for oviposition, while wells, ditches, and
roadside pits also supported breeding
of some species. It was observed that
the selection of breeding habitat was
not absolute for most species. However,
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for some the habitat was species-spe-
cific. For example, An. culicifacies and
An. pallidus were found breeding only
in streams and ponds respectively.
Similarly, An. minimus breeding was
recorded primarily in slow-flowing
streams but occasionally its breeding
was also found in rice fields with a
perceptible flow. Anophelines were not
recorded in bamboo holes, but these
were found positive for Aedes, Armigeres
and Toxorhynchites species.

Although the control of vectorborne
diseases through the management of
the rice agroecosystem is a global con-
cern?, there is no serious problem in
this terrain as it lends to the breed-
ing of zoophilic species. Hence, anti-
larval operations should be limited to
slow-flowing streams only, the pre-
ferred habitat for An. minimus. How-
ever, in view of the vast area, personal
protection methods would be the ideal
approach to reduce man/vector con-
tact, thereby disrupting transmission.
Field trials with insecticide-impreg-
nated bednets have shown promising
results in this area8. This strategy is
simple, cost-effective, easy to imple-
ment and, produces collateral ben-
efits®.
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Among the 34 Anopheles species
recorded from Bangladesh!, four are
considered relatively important vectors:
An. dirus Peyton and Harrison, An.
minimus Theobald, An. philippinensis
Ludlow, and An. sundaicus (Roden-
waldt)2. Of these, only An. philip-
pinensis occurs in the flood plain area
of the country, where most of the popu-
lation lives3. Historically transmission
in this lowland area has been sporadic
and weak. During the malaria eradica-
tion campaign (1961-1976) the flood
plain was classified as a maintenance
zone and indoor residual spraying with

DDT was done only in the event of
epidemics. In 1992, a routine surveil-
lance mechanism recorded a sharp rise
in Plasmodium vivax cases in Sachail
village (pop. 6608} of Tarail thana
(Kishoreganj district), about 100 km
northeast of Dhaka city. On investi-
gating the cause of the epidemic, para-
site prevalence rate was found to be
substantial in all age groups (Table 1)
and the case history of individual pa-
tients who had never left the village
for many years indicated local trans-
mission. Our entomological investiga-
tions demonstrated the absence of An.

Malaria and Parasitic Disease Control Division, Directorate General of Health Services. Mahakhali,

Dhaka-1212, Bangladesh.

aCivil Surgeon Office, Sylhet; PDhaka; “Kishorganj; ¢WHO Medical Officer, Mahakhali Dhaka, Bangladesh.
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Table 1. Age distribution of Plasmodium vivax cases at Sachail village (pop. 6608),
Tarail Thana, Kishoreganj Dist., Bangladesh, Jan to Dec 1992

Age group Slides examined Slides” positive Frequency positive
(Yrs.) (No.) (No.) %

0-1 - 1 0.2

1-4 - 29 5.7

5-9 - 61 11.8

9-14 - 92 18.0

0> 14 - 327 64.1

Total 1212 510 99.9

*All are P. vivax.

philippinensis (last detected in very low
density in 1989 in Sachail village) and
also the scarcity of An. aconitus and
An. annularis. Both the vectors were
recently incriminated in plain areas of
Bangladesh? but a high proportion of
An. vagus specimens was collected, out
of which 1.6% were found to be posi-
tive for malaria sporozoite following dis-
section of salivary glands (Table 2).
During the last few years some of the
malaria outbreaks, sustained exclu-
sively by P. vivax malaria parasites,
have occurred in the flood plain areas
of Bangladesh.

Environmental factors, such as fre-
quent floods, change in the rain pat-
tern and siltation of rivers or canals
and concomitant creation of new
breeding sources, may have caused
the disappearance of common vector
species and increased the density of
others (here An. vagus). Use of pesti-

cides and fertilizers for agricultural
purposes might have also influenced
the situation.

Up till now An. vagus, mainly zoo-
philic, exophilic and exophagic mos-
quito, was neither found positive for
oocysts or sporozoite nor suspected
as a malaria vector in Bangladesh.
Following the parasitological incrimi-
nation of An. vagus in the flood plain
area of Sachail village it is postulated
that An. vagus has had a significant
role in the transmission of P. vivax
malaria and in the genesis of the
present P. vivax malaria outbreak in
Sachail village.

Possible reasons for this unusual role of
An. vagus as a vector may be related to
the very low cattle density in the area,
and the absence of a primate population
or of any suitable alternative blood

meal source except for humans. '
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In addition, low dispersal and the ob-
served adequate longevity of the An.
vagus population (parous rate, 51.3%)
are considered as plausible contribut-
ing factors leading to the active P
vivax transmission role of An. vagus.
Information on laboratory-confirmed
malaria cases was obtained from the
laboratory records of Tarail Thana
Health Complex, Kishoreganj Civil
Surgeon’s Office and the Central Ma-
laria Reference Laboratory of Malaria
and Parasitic Disease Control Unit
(M&PDC) of the Directorate General of
Health Services, Dhaka (Table 1). All
these malaria case records were ob-
tained from Giemsa-stained thick
blood smears collected from fever
cases and suspected cases found
through monthly house visits and
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special surveys. (active case detection)
as well as cases attending the Thana
Health Complex located close to the
village (passive case detection).

An. vagus was the most common of
the five species collected (Table 2).
On dissection, four out of 245 par-
ous An. vagus (1.6%) had sporozoite-
positive salivary glands. An. vagus
can breed in all types of still water
such as pools and puddles, rice fields
and dead rivers, and can tolerate
organic contamination. It is widely
distributed in the oriental region of
Asia®-6.

This is the third uncommon vector
we have incriminated during our field
epidemiological investigations of the P

Table 2. Anopheles collection and dissection at Sachail, Tarail Thana,
Kishoreganj District

Anopheles No. col- No. dis- No. % No. infective %
species lected sected parous parous (sporozoite) infective
13-16 Feb 1993

vagus 583 253 130 51.3 2 1.5
annularis 157 124 67 54.0 - -
hyrcanus group 21 - 21 7 33.3 - -
barbirostris group 1 1 1 100 - -
6-10 Apr 1993

vagus 287 142 115 80.9 2 1.7
annularis 41 32 22 68.7 - -
aconitus v 1 1 100 - -
hyrcanus group 5 5 2 40 - -
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vivax focal epidemic outbreaks which
have affected plain areas of central
Bangladesh during the last three
years?. Additional information on the
vector bionomics of An. vagus needs
to be collected and analyzed in order
to better understand the disease and
vector dynamics of the present P.
vivax epidemic outbreak in Sachail
village. A new situation has arisen
in plain areas of Bangladesh where it
seems that virtually any anopheline
species, under right conditions, can
become an epidemic force.

A field operational research project to
control the spread of the epidemic
with insecticide-treated mosquito nets
while strengthening epidemiological
and entomological surveillance is un-
der way in Sachail village.
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In-vitro Chloroquine Resistance of
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Transmission of Plasmodium falci-
. parum occurs in many parts of India.
Resistance of P. falciparum to chloro-
quine has also been documented in
many places including some areas
of Tamil Nadul-2. In this paper we
document the recent transmission of
chloroquine-resistant P. falciparum
(CRPf) in Vellore where malaria itself
was not endemic for many years.

Patient 1, a 23-year-old female resi-
dent of Old Town, Vellore, presented
on 27 October 1993 with a 2-day his-
tory of high spiking fever, chills, head-

ache and myalgia. A diagnosis of
falciparum malaria was made on the
basis of the presence of characteristic
ring forms in the peripheral blood. No
other asexual stages were seen. In-
fected erythrocytes were not enlarged.
Multiple rings, accole forms and rings
with double chromatin were seen. The
parasitic index was 2%.

Patient 2, the 20-year-old sister of
Patient 1, living in the same house-
hold, presented on 29 October with
high fever of one day’s duration and
mild hepatosplenomegaly. Falciparum

Departments of General Medicine, 2Microbiology, PClinical Pathology, and °Clinical Pharmacology,
Christian Medical College and Hospital, Vellore-632 004, India.
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malaria was diagnosed on blood
smear examindtion with a parasitic
index of 3%.

The first patient had travelled to
Tirupattur 39 days prior to the on-
set of fever, and had returned after
4 days. Her sister had not travelled
outside Vellore for several months.

Prior to starting on quinine and tetra-
cycline therapy, blood was collected for
in-vitro chloroquine sensitivity testing3
and also a urine sample for screening
for the presence of chloro-quine by the
Wilson Edeson test?. For the former
test, 0.5 ml of blood, collected in a
heparinised tube, was added to 4.5 ml
of sterile complete RPMI-1640 medium
(Hi-Media, Bombay, India) with bicar-
bonate, Hepes buffer and group AB
human serum. Chloroquine sulphate
(Rhone-Poulenc, Zurich, Switzerland)
was diluted serially in the same me-
dium in 50 pl volumes in sterile flat-
bottom wells in cell culture grade plates
so as to obtain a range of 1 to 64 pmol
per well. To each well, 50 pl of the
diluted blood of the patient was added.
Each patient’s blood was thus tested
in duplicate, along with a control test
without the drug. The plate was incu-
bated at 37°C in a candle-extinguish-
ing jar for 36 h. At the end of 36 h,
thick smears were made from each
well, stained with Leishmann’s stain
and examined for malarial parasites. A
parasite showing more than 3 chro-
matin dots was considered a schizont3.
Strains showing schizont maturation
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at a chloroquine level of 8 pmol or
more were considered resistant3. This
test showed no inhibition of matura-
tion of the plasmodium even at the 64
pmol level in both cases.

For screening of chloroquine in the

urine, 5 drops of Mayer’s reagent (6.8
g of mercuric chloride, 24.9 g of po-
tassium iodide, and 500 ml of dis-
tilled water) were added to 3 ml of
urine?. No turbidity appeared, indi-
cating the absence of chloroquine in
the urine?.

The usual incubation or prepatent pe-
riod of falciparum malaria is 5-7
days. Since neither patient had trav-
elled out of Vellore for over a month,
the infection must have been ac-
quired in Vellore. Since the two sis-
ters living in one household had de-
veloped symptoms within 2 days of
each other, they would have got the
infection almost simultaneously. For
many years there has been no trans-
mission of malaria in the town (un-
published). Recently we have seen
many patients in Vellore with vivax
malaria, suggesting that it might have
become endemic here (unpublished).
However, the local transmission of
falciparum malaria is an important
observation, which has serious impli-
cations to the local population who
are naive to plasmodial infections.

The two strains exhibited a high degree
of in-vitroresistance to chloroquine, the
minimum inhibitory concentraion (MIC)
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values exceeding 64 pmol. In-vivo re-
sponse to chloroquine and in-vitroresis-
tance data cannot be directly correlated
because strains with high MICs in vitro
may manifest a relatively lesser degree
of resistance clinically, particularly in
individuals with good immunity®. How-
ever, MIC of 64 pmol indicates a very
high level of resistance2-36. Since we
have seen patients coming from Madras
and Chittoor with RII and RIII levels of
resistance of P. falciparum, we antici-
pated chloroquine resistance and thus
did not give our patients this drug. We
believe that RIII level resistance would
have been observed, had we given these
patients chloroquine?:6.7. The resistant
strains of P. falciparum have probably
been introduced to Vellore from nearby
areas with prevalence of resistant ma-
laria, rather than local strains develop-
ing resistance which increased over time
to high-level resistance. We recommend
that falciparum malaria in southern
India be treated with quinine and tetra-
cycline rather than with chloroquine.
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