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Ahaptoglobinemia (HpO) and Malaria in

India

HEMA JOSHI® S K. SUBBARAOQ,2 N, VALECHA? and V.P. SHARMAY

Haptoglobin (Hp) polymorphism analysed among P, vivax and P. falciparum patients and
malaria negative subjects from arcas with different epidemiological situations had shown
high incidence of ahaptoglobinemia (HpO) among malaria patients. A definite association
of HpO with P. vivax as well as P. falciparum malaria in Indian subjects had been observed.
However, low sensitivity and reliability of HpO index indicates that it can not be a good
indicator for determination of malaria endemicity. About 75 per cent of HpO subjects with
P vivax infection when ftreated with chloroquine showed typable Hp polymorphs by 8-9

days of post-ireatment.

Keywords : Antimalarials, HpO, P, falciparum, P vivax

INTRODUCTION

Ahaptoglobinemia or hypohaptoglobinemia
(HpO) is represented by low or nondetectable
levels of haptoglobin (Hp), an alpha-2-glyco-
protein having haemoglobin binding property.
This is generally a temporary phenomenon
caused by masking of genetically determined
phenotypes of haptoglobin. Three genetic vari-
ants of haptoglobin (Hp), namely Hp 1-1, 2-1

and 2-2 have been described by Smithies!; and
Smithies and Watkar.2 These variants are con-
trolled by two autosomal alleles Hp! and Hp?.
However, genetic ahaptoglobinemia (true Hp?
allele) due to absence of functional gene and
no gene product has also been reported by

“Harris et al.3

In African population strong evidences have
been indicated that malaria and functional
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ahaptoglobinemia are closely related.*1! Hill
et al.'? had also supported the involvement of
malaria in producing acquired ahaptoglobin-
emia in Melanesian populations which are
genetically distinct from Africans.

As in the African continent, malaria is still a
major public health problem in India and about
2.5 to 3.0 million malaria positive cases are
detected every vear (Source: NAMP). Prelimi-
nary studies carried out on haptoglobin poly-
morphism have shown increased prevalence of
functional ahapto-globinemia among malaria
positive subjects compared to malaria nega-
tive subjects.!3-15 Therefore, study was ex-
tended with the following objectives: (i)} to study
haptoglobin polymorphism, prevalence of
ahaptoglobinemia and association with malaria,
if any among Indian groups; and (ii) to know at
what time period after the antimalarial treat-
ment, haptoglobin polymorphs are typable in
malaria patients with nontypable haptoglobin
phenotypes (HpO or ahaptoglobinemia).

MATERIALS AND METHODS

Samples were analyzed from different regions
of the country with varying malaria epidemio-
logy. Data collected during present and earlier
studies were tested for the association of HpO
with Plasmodium falciparum and P. vivax
positivity and validity of HpO for the diagnosis
of malaria positivity.

Study areas

Labour camp (LB), Delhi: Delhi, the capital
of India, is situated at 28° 30’ latitude north and

77° 12 east longitude and P, vivax is the pre-
dominant species of malaria parasite in the
area.!® In Delhi due to various developmental
and constriiction activities, a floating population
of migrant labourers is present which come from
different parts of the country and contribute
greatly to the malaria situation. Study area is
mostly comprised of temporary hutments and
inhabited by tribals from different parts of the
country. The camp was located in southern part
of Delhi, and had a localized outbreak of
falciparum malaria during the study period—
post-monsoon months of 1992.

Gurgaon district (Mewat region), Haryana:
Surveys were conducted during April 1997 in
two CHCs namely Nuh and Ferozepur Zhirka
of Mewat region of District Gurgaon (approxi-
mately 27°N and 70°E). Mewat region of
District Gurgaon had experienced an outbreak/
epidemic of malatia during post-monsoon sea-
son in 1996. Four villages each of CHCs
Nuh and Ferozepur Zhirka were surveyed.
Thisregion is mostly Muslim dominated with
few Hindu villages or families. In general,
people belong to lower economic strata. Both
P falciparum and P. vivax were prevalent
in this area. During the survey, proportion of
P, falciparum cases was about 36.3 per cent.

District Mandla, Madhya Pradesh:Samples
were collected from villages of District Mandla
(approximately 22° 50’ latitude and 80° 59" lon-
gitude) during 1988 by conducting spot fever
surveys. Mandlaisa P falciparum endemic
area situated in tribal belt with rocky and undu-
lating terrain with thick forest. Most of the vil-
lages are located near the streams. Tribals con-
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stitute 80 per cent of the population and a focus
of chloroquine resistance has also been reported
in the area, !

Malaria Clinic, MRC, Dethi: Blood samples
were collected during 1993 from patients
visiting the Malaria Clinic of Malaria Research
Centre, Delhi, located in the northern zone of
Delhi. People residing in nearby residential
colonies and peri-urban areas of northern re-
gion comprise a good proportion of the patients.
Being a metropolis, population is comprised of
amixture of various ethnic, social and economic
groups. Blood samples were collected from
patients before and after antimalarial therapy.

Methodology

Blood (100-200 pl) was collected in heparin-
ized vials (1.5 ul microfuge) by finger prick
method from the subjects reporting to Malaria
- Clinic or by conducting mass blood surveys
after obtaining verbal consent. A smear was
also made simultaneously for parasite exami-
nation. This study has clearance of the ethi-
cal committee of the Centre.

Blood samples were transported to the labora-
tory in an ice box within 23 hours of collection.
Samples were centrifuged and the plasma was
removed into another tube and stored at —20°C
till use. Details of methodology for haptoglobin
analysis and parasite identification are given in
our earlier studies. 13-18

Fisher’s chi-square test was applied to test the
level of significance and Wolfe’s chi-square test
as used by Bayoumi ef al.}® was adopted to

study the association of polymorphs with ma-
laria. Data collected in this study and from our
earfier reports! 3% were further tested for speci-
ficity, sensitivity and predictive value of the HpO
marker to signify P. falciparum and P. vivax
positivity in the population and to estimate the
efficiency of HpO for malaria diagnosis.2® As-
sociation was measured by testing null hypoth-
esis (Ho}—no association, phi (¢} statistics and
heterogeneity y2- analysis.?!

RESULTS

Haptoglebin pelymorphism and ahapfo-
globinemia

In the present study all three common pheno-
types of Hp: Hp 1-1, 2-1 and 2-2 were ob-
served. Figure gives the distribution of Hp

‘polymorphs, calculated allelic frequencies

and proportion of HpO in study areas. Allelic
frequencies calculated for Hp' ranged from
0.1 to 0.23 and 0.77 to 0.90 for Hp? in the
study areas. Allelic frequencies were calcu-
lated after deleting HpO samples. Distribution
of the polymorphs in each area followed the
Hardy-Weinberg equilibrium (chi-square values
were nonsignificant). Percentage of samples
showing nontypable Hp polymorph (HpO
or functional ahaptoglobinemia) varied from
20.7-52.82. Fisher’s comparative chi-square
analysis of malaria positive and malaria nega-
tive groups revealed that distribution of paly-
morphs was significantly different between
the two groups in all the study areas (chi-
square values were between 14.72 and 20.83;
p<0.001}. Chi-square values ranging between
10.28 and116.28 by Wolfe’s method have fur-
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ther confirmed the significant difference. A sig-
nificantly higher incidence of HpO was observed
among the malaria patients in the study areas. It
is also observed that proportion of Hp 2-2 has
decreased significantly among malaria patients
compared to malaria negative subjects (Fig. 1).

From the figure it is further revealed that sig-
nificantly higher incidence of HpO among the
control samples (malaria negative) in areas
with malaria outhreak—general population of
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labour camp, Dethi (HpO 32 per cent) and in
villages of Mewat region of District Gurgaon,
Haryana (HpO 23 per cent), compared to
malaria endemic region of Mandla, M.P. (HpO
9.6 per cent). Comparative chi-square values
were 7.61 and 7.68 (p < 0.01) for LB Delhi
versus Mandla and Mewat region versus Mandla
respectively.

Among the samples studied from LB popu-
lation, Delhi, £, falciparum was the prevalent
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Fig. 1. Distribution of Hp polymorphs: (a) proportions of Hp polymorphs in different study areas;
(b) HpO proportions among malaria positive and malaria negative subjects; (c) allelic frequen-
cies in study areas; and (d) proportion of Hp 2-2 among malaria positive and malaria negative

subjects in the study area
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species (85.7 per cent} and the proportion of
niontypable samples was significantly higher in
P, falciparum positive subjects (83.3 per cent)
than the negative confrols.

In Mewat region of District Gurgaon which has
experienced malaria epidemic during post-
monsoon months of 1996, both P, falciparum
(36.4 percent) and P, vivax (63.6 per cent) were
prevalent. Proportion of HpO among the gen-
eral population was about 29.1 per cent with much
higher proportion of Hp(O about 50 per cent
among the malaria positive subjects and 64.7 per
cent among the P, falciparum patients (11/18).

In District Mandla (M.P.), HpO incidence was
about 20.7 per cent in general poputation and
among P falciparum malaria positive group, it
was observed to be 44.7 per cent.

HpO and association with malaria

Analysis of data from five populat}'dh groups for
P falciparum and three groups for P vivax
have shown that chi-square values were signifi-
cant in all the groups except one in P, vivax
(Table 1a-b). In Buksa population, limited num-
ber of P vivax cases (33) were detected dur-
ing the study and all were non-HpO which have
given nonsignificant chi-square value. Measure-
ment of association of HpO with £ falciparum
malaria has given ¢ values ranging from 0.2 to
0.65 in five areas, while for P vivax 0.08 to
0.22 in three arcas. Also heterogeneity chi-
square analysis was found to be significant (p<
0.05) for heterogeneity factor for P, falciparum
study areas and for I vivax study areas it 1s
nonsignificant.

HpO : Malaria diagnostic efficiency

Table 2 pives sensitivity, specificity and predic-
tive values for positive and negative results of
HpO for P. falciparum and F. vivax diagnosis
in different areas. Efficiency of the HpO for
P. falciparum diagnosis in different areas was
between 68.8 and 81.1 per cent with cumula-
tive efficiency of 74.7 per cent while that for P
vivax was between 61.1 and 84.8 per cent with
cumulative value of 71.6 per cent.

HpO after antimalarial therapy

In a total of 107 P, vivax patients analyzed for
haptoglobin polymorphism during July to
November 1993 from Malaria Clinic of MRC,
Delhi, 35 patients were found to be of HpO
giving a percentage of 32.7 (Fig. 1). Out ofthese
35 patients, 19 could be followed-up for Hp
polymorphs after antimalarial therapy. Drug
dosage was given as per NAMP policy.

Itis observed from Table 3 that by Days 8-9 of
post-chloroquine therapy, most of the subjects
(75 per cent) tested showed typable haptoglo-
bin levels. However, in some of the subjects
typable Hp forms could not be observed till Day
13. Subjects could not be followed further. As
the subjects of the study were P vivax positive
patients, therefore, in addition to chloroquine,
radical treatment with antirelapse drugs was also
given. Study was coincided with clinical trials
of bulaguine, a new compound developed by
CDR], India, as antirelapse drug, therefore, fur-
ther analysis was done under three different
groups—subjects who received primaquine
(standard antirelapse drug being used for £
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Table 1(a}. Null hypothesis : Chi-square analysis

Areca PF(+) Py (+) Non-Mal Pfvs Normal Pv vs Normal
HpC Non-HpO HpO Non-HpO HpO Non-HpQ 32 $ 2 b

Dethi

Malfaria Clinic, 19 52 35 169 10 247 373 034 28 022

MRC &

Labour Camp 20 4 - - 8 17 133 052 - -

Haryana

Distt, Gurgaon 11 7 17 2 36 177 1175 621 72 0.16

(Mewat Region)

Madhva Pradesh

Distt. Mandla 17 i5 - - 7 76 277 049 - -

(Gond tribg)

Littar Pradesh

Haldwani, ,

Dstt, Nainital 29 . 132 0 33 - an 144 020 25 008

{Buksa tribe)

Total 9 210 52 223 104 829 69.7 024 127 0.10

Table 1(b). Heterogeneity x2 analysis

¥* N Peviation Variance ratio

P falciparum

Deviation 69.7 1

Heterogeneity 348 3 1L6 Significant at 0,05

Total 104.5 4 probability point
P ovivax

Deviation 127 1

Heterogeneity 198 1 19.8 Nonsignificant

Total 325 2

N = Degrees of freedom.
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Table 2. Sensitivity, specificity and predictive power of HpO for the malaria diagnosis

Area {Popuiation) Sensitivity Specificity Predictive value Efficiency  Reliability
For(+) For (-)
results results
F. falciparum
Delhi
Mataria Clinic, MRC 268 %6l 65.5 826 811 023
(164-373) (93.7-985) (479-83.1) (786-87.0) (76.7-855) (D.18-02%)
Labour Camp 833 680 714 8095 755 051
{68.1-98.5) {494-866) (544-884) (692-928) (63.5-87.5) (037-063)
Haryana
Mewat Region 6L1 76.0 16] 96.2 749 037
(38.0-84.1), (704-81.6) (7.1-251) (93.4-99.0) (69.5-80.3) (031-043)
Madhya Pradesh '
Mandla 531 916 70.8 798 809 045
{Gond tribe) (35.5-70.7) (85.6-976) (522-894) (714-882) (73.5-883) (036-0.54)
Littar Pradesh
Haldwani 181 93.1 558 703 688 0.11
{Buksa tribe) {12.0-24.0) (902-958) (420696} (659-747) (64.6-73.0) (008-0.14)
Curnulative 314 839 480 793 747 020
(26.1-36.7) (86.9-90.9) (41.0-55.0y (77.3-823) (722-772) (0.18-022)
P, vivax
Delhi
Malaria Clinic, MRC 172 96.1 778 594 611 0.13
(120-224) {93.7-985) (666-89.0) (546-642) (566-656) (0.10-0.16)
Haryana
Mewat Region 447 760 233 894 716 021
{28.5-60.9) (704-81.6) (155-351) (850-93.8) (662-77.0} (0.16-026)
Uttar Pradesh
Haldwani 00 93.1 00 904 848 007
(Buksa tribe) (90.3-95.9) (872-93.6) (82.1-87.5) {(0.04-0.10)
Cumulative 189 892 369 76.8 716 008
(14.1-23.7) (87.0-914) {287-451} (740-79.6) (68.8-744} (0.06-0.10)

Figures in parentheses are confidence intervai at 95 per cent level,

vivax}, bulaquine and placebo. In primaquine
group, five out of eight HpO subjects tested
showed typable Hp pattern within 16 days while
in bulaquine group, three out of six HpO sub-

jects showed typable Hp pattern within eight
days. In placebo group, 75 per cent (3 out of
4) subjects showed typable pattern within 12

days.
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Table 3. Data on ahaptoglobinemia status of P vivax
positive subjects after chemotherapy

Daysz after infee-  No. of HpO No. of samples
tion with chloro- samples showing typable
quine therapy tested Hp phenotypes
6 1 1(2-2)

8 8 6{2-1,2-2)
9 3 2(22)
il 2 0
2 2 122}
13 2 F{2-2)
16 1 1022)

Hp phenotypes are given in parentheses.

All the patients who showed typable Hp poly-
morphs on Day () remained so, later on, except
one patient who showed Hp 1-1 on Day 0
became Hp 2-1 after 15 days. Majority—81.82
per cent of the ahaptoglobinemic patients
became Hp 2-2 in follow-up study, while only
two (18.2 per cent) became Hp 2-1. None
was of Hp 1-1 type.

DISCUSSION

Indian populations are generally characterized
by high Hp? gene frequencies.?? Observed al-
lele frequencies of Hp! (0.1 t0 0.23) and Hp?
(0.77 ta 0.90) in the present study samples from
different areas fall within the reported range
for the other Indian populations. However, the
incidence of genctic ahaptoglobinemia has
been reported to be low, in the range of zero to
seven per cent.!8 2224 Observed significantly
high incidence of ahaptoglobinemia among
P falciparum and P vivax malaria positive
subjects compared to malaria negative group in

the present study (Fig.1) proposes the role of
malaria as a causative agent for functional
ahaptoglobinemia in Indian subjects.

Reversal of HpO level to typable Hp pheno-
types after antimalarial treatment of ahapto-
globinemic malaria patients (£ vivax) also pre-
sents supporting evidence to above findings. An
earlier study carried out among malaria suscep-
tible and refractory subjects, showed those with
frequent attacks of malaria (three or more) had
a higher frequency of HpO (42.2 per cent) than
those who did not have any (29.6 per cent), !4
suggesting the role of malaria in the depletion of
haptoglobin levels. .

No association between P, falciparum and P,
vivax cases and HpO suggest that hypothesis
is not tenable, thus the association of HpO with
P. falciparum and P. vivax malaria is consid-
ered (i values are presented in Table 1b). As-
sociation of HpO with P falciparum and
P. vivax has shown wide range of ¢ values
(0.2 to 0.65) between five different areas of
P, fulciparunt and 0.08 to 0.22 between three
different areas of P vivax. Thus, it can be
concluded that association of HpO with
P falciparum as well as P vivax malaria is
present in the Indian population.

Low sensitivity and reliability (Table 2) of HpO
indicated that HpO can’t be used as an index to
study malaria positivity in the Indian population.
On the other hand, specificity of about 90 per
cent for P falciparum and P. vivax in total
samples suggest absence of HpO among popu-
lation speculates absence of disease (malaria} in
the population with 90 per cent accuracy.
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Correlation of HpO with P, falciparum malaria

had been reported in the African population by
many workers. ¥ 1125 Rougemont ef al.1” re-
ported that HpO can be used as a malariometric
index in hyper-endemic areas at least equal to
the specificity of the climical indicators but not
with malaria parasite index. In contrary,
Boreham et al.,® had shown significant correla-
tion of HpO with malariometric indices,
parasitaemia and splenomegaly. Sisay ef al., 26
on the other hand suggested use of serum Hp
levels as an indicator of the efficacy of malaria
intervention trials. The observation of Monjour
et al. 2> supports our observation by ruling out
the use of haptoglobin levels as a diagnostic test
for present or past malarial infection in upper
volta population. Reports on the use of HpO
index as malariometric index are not conclu-
sive. Meta-analysis of the data from various
studies can help in giving a concrete conclusion,

Faster recovery in our subjects unlike slow re-
covery observed in African subjects of Hp
levels after chemotherapy with antimalarials in
ahaptoglobinemic patients may be because: (1)
patients included in the study were of 2. vivax
which attains less severity than P, falciparum
and is a predominant species of human malaria
parasite in India (Delhi); and (1i) quicker diag-
nosis and treatment: patients were residing
mostly in Delhi city or peri-urban areas and
were aware of the malaria clinic in their local-
ity, and come for diagnosis within 2-3 days of
illness, thus immunity levels and severity of the
disease were low in the patients. Thus, epide-
miological situation maybe playing a vitai role in
the recovery of Hp levels in the ahaptoglobinemic
patients.

Comparative delayed recovery of Hp levels in
ahaptoglobinemic patients after antirelapse
drug therapy compared to placebo may be due
to their toxic effect on RBC which are known to
be prone to hemolysis afier intake of certain anti-
relapse drug—primaquine.?’ Hemolytic effects
are less in case of bulaquine and, therefore, jus-
tify the better recovery in case of bulaquine than
primaquine treated group.?8 These are prelimi-
nary observations, and an in-depth study on this
aspect will be helpful to develop concrete
hypothesis.

Study by Llagib et al 2° have shown an asso-
ciation of Hp [-1 phenotype with P, falciparum
malaria among Sudanese population. They
report a high incidence/proportion of Hp 1-1
(common phenotype of Sudanese) among the
malaria positive subjects (both complicated and
non-complicated). Surprisingly, no case of
HpQ was observed by them.

Similarly, Quaye et al. 30 in a study conducted in
Accra, Ghana (Africa) has observed an asso-
ciation of Hp 1-1 phenotype with susceptibility
to P._falciparum malaria and to severe disease.
In their study area Hp 1-1 was the predominant
phenotype that is reported to have high Hb-
binding efficiency. In contrast in Indian popula-
tion (present study) Hp 2-2 is the predominant
phenotype which is reported to have low Hb-
binding efficiency thus becoming non-detectable
(HpO) levels caused by utilization of large
amount of Hp 2-2 in formation of Hp-Hb com-
plex during malaria infection. This may explain
their observation of no significant difference in
the HpO incidence between malaria positive and
negative control groups in Ghana population. This
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can also explain the Hp phenotype of a subject
changing from Hp 1-1 to Hp 2-1 on Day 15
of post-treatment in the present study—Hp?
products were nontypable on Day 0 but be-
came typable on Day 15. Hill ef /1% have
also reported that Hp 2-2 and Hp 2-1 pheno-
types have decreased Hb-binding efficiency
compared to Hp 1-1 phenotype.

This is the first study carried out ona large-scale
in Indian population showing a definite associa-
tion of malatia with ahaptoglobinemia, more so
this is the only study showing association of
ahaptoglobinemia with 2 vivax malaria, which
1s predominant human malaria parasite species
in southeast Asia, Latin America and Papua
New Guinea.
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Evaluation of Repellént Action of Neem
Oil against the Filarial Vector, Culex
quinquefasciatus (Diptera: Culicidae)

- JOHN RAVINDRAN?, ALEX EAPEN? and INDRANIL KARP

Studies were carried out to evaluate the repeilent action of neem oil against Culex guin-
quefasciatus. Application of 2 and 5 per cent neem oil @ 5 ml/person/night gave 50 and
40.9 per cent protection in indoor collections and 17 4 and 5.6 per cent in outdoor collections
as compared with that of untreated control respectively. The protection time ranged from
0100 to 0300 hrs and 0300 to 0600 hrs in indoor and outdoor collections respectively. Results
of repellent action of Autan, a synthetic mosquito repelient studied concurrently showed 2
relatively higher protection rate from the bites of Cx. quinquefasciatus. o

Keywords: Culex quinguefasciatus, Mosquito repetient, Neem

INTRODUCTION

Azadirachia indica, the common neem tree is
traditionally known for its medicinal value.! On
account of it antifeedant and insecticidal prop-
erties, neem has been widely used in agriculture
particularly in pest control.2-3 In recent years,
the use of neem against vectors of human dis-
cases has been greatly considered. The effect
of neem derivatives on mosquitoes has been in-
tensively studied.*~7 Neem oil has been rec-
ognized as a candidate repellent for personal

protection by topical application on exposed
skin. In the present paper, we report the results
on the efficacy of neem oil (2 and 5 per cent) as
a repellent against Culex quinguefasciatus, the
vector of bancroftian filariasis.

MATERIALS AND METHODS

The study was carried out in two adjacent resi-
dential colonies, Jayanthi and Ganga-Cauvery
colony of Anna Nagar, Chennai from August
1995 to January 1996. All night human bait

4Malaria Researph Centre (Field Station), 1304, Annanagar Western Extension, Chennai—600 (50, India.
E’Vidyasagar College for Women, Kolkata--700 006, India,
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mosquito collections were adopted. A total of
10 trials, five trials each with 2 and 5 per cent
neem oif were undertaken. During every trial, a
total of four coliections, each on neem oil {either
2 or 5 per cent), coconut oil (Tata brand), autan
(15 per cent—DEET, Bayer India 1.td.) and
untreated control were conducted concurrently
in indoors and outdoors. Neem oil, marketed
by Unjha Ayurvedic Pharmacy, Gujargt was used
in the present study. Prior to collections, the re-
quired concentration of neem oil was prepared
using coconut oil. A total of 5 ml of the test re-
pellents were thoroughly applied to all the ex-
posed parts of the baits (volunteers) like hands,
legs, neck and face. The volunteers were al-
lowed to lie down and all mosquitoes landing on
the exposed parts were collected with the help
of an aspirator. Hourly collections were kept in
separate containers and were brought to the
laboratory for identification. In order to ensure
unifonmity and to avoid bias, the collectors, baits
and catching stations were shuffled on a
rotational basis. A standard Orthogonal
Greco Latin Square method was used for the

_purpose.? Evaluation was undertaken against
an untreated control. The repellent effect of
coconut oil and autan was assessed for the
purpose of comparison. Percentage protection
was calculated using the following formula:

No. of mosquitoes
{Control —Experimental)
x 100

% protection =
No. of mosquitoes
collected in control

RESULTS

A total of 80 human bait collections were un-
dertaken during the study. The temperature re-
corded indoors and outdoors during the collec-

tions ranged from 19 to 33°C and 18 to 32°C
respectively and humidity recorded ranged
between 42 and 94 per cent during indoor
collections and 52 and 98 per cent in outdoor
collections. Both Anopheles and Culex spe-
cies were obtained during the collections.
Among anophelines, 4n. stephensi and An.
subpictus were obtained. Cx. guingue-
fasciatus, the common pestiferous mosquito
and vector of bancroftian filariasis was the
only major culex species observed. Maxi-
mum number of Cx. quinguefasciatus were
obtained during the third quarter of the night
(1200 to 0300 hrs) in both indoor and out-
door collections. Table 1 summarizes the
results of the study.

The results show that application of 2 per cent
neem oil gave 50 and 17 4 per cent protection
against Cx. quinguefasciatus inindoor and out-

Table 1. Repellent action of neem oil against Culex
quinguefasciatus on human volunteers

Neemoit  Trial Total Mean {range}
Indoor
Con 2538 507.6(109-1315)
Exp 1268 253.6(56-651)
2V Quidoor
Con 1284 256.8(146-55T)
Exp 1057 211.4(73-366)
Indoor
Con 1823 364.6(137-500)
xp 1078 215.6(59-340)
%% Outdoor
Con 1165 233.0(42-413)
Exp 1110 220.0 (50-470)

Con—Control; Exp—Experimental.
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door collections respectively. Hourly collections
showed consistent protection in indoor enly. The
percentage protection recorded during the peak
biting quarter were 38.69 per cent (1200 t0 0100
firs), 45.8 per cent (0100 to 0200 hrs) and 65.57
per cent {0200 to 0300 hrs) in indoor collec-
tions. Protection time varied between 0100 and
(300 hrs in both indoor and outdoor collections.
Application of 5 per cent neem oil gave 40.9
per cent protection in indoor and 5.6 per cent in
outdoor. During the peak bifing quarter the per-
centage protection obtained in indoor were
33.33 per cent (1200 to 0100 hrs), 38.78 per
cent (0100 to 0200 hrs) and 21.13 per cent
(0200 to 0300 hrs). The protection time varied
from 0100 to 0300 hrs in indoor and 0100 to
0600 hrs in outdoor, '

The average man-biting rate per night in trials
with coconut o1l and autan during 2 per cent
neem oil trial was 152.2+125.6 and 51.8 +
36.8 inindoorand 220.4 + 179.6 and 34.0 +
29.9 in outdoor respectively. During trials with
S per cent neem oil, it was 98.8 + 24.5 and
36.2+19.91in indoorand 16444+ 104.9and
90.8 -+ 145.3 in outdoor respectively. The
relative protection obtained in indoor and out-
door collections on application of neem oil,
coconut oif and autan is shown in Figs. 1 and
2. The protection time in coconut oil varied
from 0100 to 0200 hrs and 0100 to 0300 hrs
in indoor and outdoor collections respectively.
In autan, protection time of 0400 to 0900 hrs
and 0400 to 0800 hrs were obtained in indoor
and outdoor.

&= indoor 1 Outdoor
100 -
80 -
z
o
5 60 -1
v}
5
2 40 -
o
2
20 - 4.2
0 il
Cocenut
oil
REPELLENTS

Indoor T3 Qutdoor

B

0.1

%PROTECTION
5

Coconut Autan

ait il

REPELLENTS

Fig. {: Relative protection from mosquito bites
per night observed in indoor and outdoor
collections during 2 per cent neem oil trial

Fig. 2: Relative protection from mosquito bites
per night in indoor and outdoor collec-
tions during 5 per cent neem oil trial
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DISCUSSION

In the present study, the efficacy of neem oil as
a repellent apainst Cx. quinguefasciatus was
evaluated. The results revealed man mosquito
contact to occur continually from dusk-to-dawn.
Maximum man landing rate was observed in in-
door. Neem oil offered protection from the
bites of Cx. quinquefasciatus. Comparatively,
more protection was observed indoors. Nev-
ertheless, the total protection obtained indoors
did not exceed 50 per cent. The percentage pro-
tection obtained was less when compared with
the results of other studies. Kant and Bhatt?
reported more than 75 per cent protection with
2 per cent neem oil in indoor. In outdoor col-
lections Sharma et al.'? obtained 61 per cent
protection. The variation in protection can be
attributed to factors like absorption, abrasion
or evaporation of the compound that directly
effects the persistency and influences its efficacy.
Cotonut oil used as a base provided greater
protection than neem oil and this may be the
reason for increased protection in 2 per cent
neem oil which requires further investigation. The
protection time was lowest in coconut oil.

Autan, the synthetic repellent exhibited maximum’

repellency with prolonged protection time.

From the study, it is evident that neem oil pro-
vided moderate protection from the bites of Cx.
quinguefasciatus. - The continuous man mos-
quito contact exhibited by this species and the
minimal protection time provided by neem oil
may limit the use of neem oil as an effective re-
pellent. However, the tolerability of different
strains of the species to neem oil is to be as-
segsed before drawing any valid conclusion.

- Development of neem formulations that provide

prolonged duration of protection with social ac-
ceptability is essential. Use of neem oil with other
compounds to enhance the repeliency, needs to
be further investigated.
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Atypical Manifestations of Plasmodium vivax
Malaria

M.K. MOHAPATRA,2 K N. PADHIARY,? D.P, MISHRA® and G. SETHY?

About 110 patients were enrolled to study the atypical presentations and the chloroquine
sensitivity pattern of Plasmodium vivax malaria. The diagnosis was made from Giemsa
stained peripheral blood smear. The co-infection of falciparum malaria was excluded both by
smear and ParaSight F-test. After a thorough clinical work up, biochemical investigations
were done. The fever ciearance and parasite clearance time were determined in all cases.
Absence of malarial paroxysm {22.8 per cent), migrainous headache (4.5 per cent), myalgia
(6.3 per cent), episodic urticarial rash {1.8 per cent}, relative bradycardia (13.6 per cent) and
postural hypotension (2.7 per cent) were the atypical manifestations encountered. Besides
this, severe forms like jaundice (7.2 per cent), cerebral involvement (0.9 per cent), severe
anaemia (7.2 per cent), thrombocytopenia (3.6 per cent) and pancytopenia (0.9 per cent) had
been detected. All, except the patient with cerebral involvernent were treated with chforoquine
patients responded well tg the treatment except two (1.8 per cent) patients who had
chloroquine resistance, This study showed that vivax malaria can present with atypical and
protean manifestations. The changing clinical profile along with development of chloroquine
resistance may be considered as a warning signal,

Keywords: Chioroquine resistance, Protean manifestations, Vivax malaria

INTRODUCTION falciparum malaria, severe forms of vivax ma-

' laria are uncommon. Severe vivax malaria has
Plasmodium vivax malaria is the second com-  been described in Europe in the past, which was
monest cause of malaria in the globe.! Unlike  possibly related to malnutrition and other inter-

ADeptt of Medicine;PDeptt. of Pathology; M.K.C.G. Medical College, Berhampur—760 004, India.
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current disease.! Recently due to the develop-
ment of resistance to chloroquine, a change in
the clinico-epidemiological profile of vivax ma-
laria has been apprehended.? Hence, it is not
unlikely to get vivax malaria with unusual mani-
festation which may be life threatening. There-
fore, the present prospective study has been un-
dertaken to study the atypical manifestations of
vivax malaria and its therapeutic response to
chloroquine.

MATERIALS AND METHODS
Study site and plan

The present study has been conducted at
Mohandas Karam Chand Gandhi M.K.C.G.)
Medical college hospital, Berhampur, Orissa.
The state Orissa is endemic for malaria and con-
tributes to /3" of total malaria patients and half
of total malaria deaths in the country.? This hos-
pital is the tertiary care centre of the southern
part of Orissa, which is the major contributor of
malaria patients in the state. Therefore, we have
launched a non-funded prospective observational
study on malaria since 1995. The present one
is the vivax arm of the above study, in which
data from March 1998 to February 2000 are
included.

Patient selection

A total of 110 patients of vivax malarta who were
admitted during the period to the indoor or
treated at the outdoor, were selected for this
study. The diagnosis has been made with detec-
tion of the parasite (P, vivax) in the peripheral
blood smear (PBS) by Giemsa stain. The para-
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sitic count was determined by the formula (No.
of parasites X total leukocyte count)/200. Co-
infection of P falciparum was ruled out when
no parasite was detected on repeated PBS ex-
amination and a negative test for histidine rich
protein I ( HRP-II ) antigen of P. falciparum
in the blood by ParaSight F-test (Becton
Dickinson, USA). Patients with mixed infection,
history of renal and liver disease, alcohol addic-
tion were excluded from the study.

Methods

On admission, clinical work up has been done
in accordance with the proforma designed for
this study. It includes history of previous attack
of malaria, antimalarials consumed within four
weeks, shide positive report, the area from which
hailed and clinical examination. The laboratory
investigations done were : haemoglobin (Hb),
defferential and total leukocyte count (TLC),
platelet count, blood glucose, blood urea, se-
rum creatinine, serum bilirubin, alanine-amino
transferase (ALT), aspartate-arnino transferase
(AST), alkaline phosphatase and glucose-6-
phosphate dehydrogenase (G-6-PD). ParaSight
F-test was done in all cases to exclude associ-
ated faleiparum infection. Temperature was re-
corded and PBS was examined 12 hourly to
determine fever resolution and parasite clear-
ance time. Lumbar puncture was done to study
cerebrospinal fluid (CSF) in unconscious patient.

The patients were treated with oral chloroquirte
600 mg base at 0 and 24 hours followed by
300 mg at 48 hours. One case of vivax malaria
with cercbral involvement was treated with
parenteral quinine followed by oral quinine.
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Chloroquine resistant cases were treated with
oral quinine for seven days. For radical treat-
ment, primaquine, 15 mg daily for 14 days had
been administered to the patients with normal
G-6-PD level and 45 mg weekly for eight
weceks to G-6-PD deficient individuals ? After
treatment all the patients were followed-up at
monthly interval for one year at the outdoor or
by correspondence.

Statistical analysis and graphs were done by MS-
Excel. Comparison of means were performed
by Student’s ‘t’ test and p-value less than 0.05
was considered significant.

RESULTS

Qut of 110 patients, there were 70 males and
40 females. The age ranged from 15 to 60 years.
Majority were between 31 and 40 years (Table
1). Of 110 patients, 60 (54.5 per cent} had his-
tory of fever for last two months. Of them 25
(41.6 per cent) had received antimalarial (chio-
roquine) inadequately. Only 11 (10 per cent)
patients had a positive report for vivax malaria.

Table 1. Age and sexwise malaria distribution

Age (yrs) Male Female Total
1520 9 5 14
21-30 17 8 25
31-40 27 12 9
41-50 i2 19 pa)
51-60 5 5 10
Total 0 40 116

INDIAN J. MALARIOL., VOL. 39, MARCH-JUNE 2002

The clinical presentation of malarra was pre-
sehted in Table 2. Intermittent fever with typical
paroxysm was present in 85 (77.2 per cent)
cases whereas continuous fever was present in
10 (9.1 per cent) cases. Fever was absent in
15 (13.6 per cent) cases at the time of presen-
tation. Frontal headache, migrainous headache
and generalised myalgia were found in 25 (22.7
per cent), 5 (4.5 per cent) and 7 (6.3 per cent)
cases respectively. Splenomegaly could be de-
tected in 90 cases (81.8 per cent) whereas
hepatosplenomegaly was found in 25 (22.7 per
cent) cases. Episodic urticarial rash was re-
corded in 2 (1.8 per cent) patients. Relative

Table 2. Clinical presentation

Clinical presentation No. of cases  Percentage
Fever

{2) Intermittent 8 712

(b) Continuous 10 9.1

(c) No fever 15 13.6
Headache

(a) Frontal headache 23 27

{b) Migrainous 5 45
Generalised myalgia 7 63
Urticarial rash 2 1.8
Jaundice 8 72
Diarrhoea 1 09
Newrological 1 09
Haematological

(a) Severe anaemia & 2.5

(b) Thrombocytopenia 4 36

{c) Pancytopenia i 69
Cardiovascular

{a} Relative bradycardia 15 136

‘(b) Postural hypotension 3 27
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Tabie 3. Abnormal liver funiction tests in vivax malaria

Parameter Abnormal {(n=1§) Normal (n=102) p-vatue
§. bilirubin (mg/dl) 335+15 09000 <{.05
AST{IU/M 288+63 255+52 NS,
ALT (IU/) 30635 205 +2.] N.S.
Alkaline Phosphatase (KA Units) 102+35 8412 NS

N.S.— Nonsignificant.

bradycardia was found in 15 patients (13.6 per
cent). Postural hypotension was observed in
three patients (2.7 per cent).

Eight (7.2 per cent) patients presented with jaun-
dice. The mean onset of jaundice was 5.5+ 2.5
days. Serum bilirubin, AST, ALT, and alkaline
phosphatase were 3.25 + 1.5 mg/dl, 28.8 £ 6.3
IUA, 30 £ 3.5 TU/M and 10.2 & 3.5 KA units
respectively (Table 3). All patients with jaun-
dice had hepatosplenomegaly. Serum bilirubin
returned to normal within 5 to 10 days (6.5 &
3.2 days) after initiation of treatment. One (0.9
per cent) patient presented with acute gastro-
ententis.

Neurological involvement in the form of uncon-
sciousness (cerebral vivax malaria) was found
in a female patient who had delivered one month
ago. Glasgow coma scale of the patient was
five. The hematological profile of the patient
was: Hb-8 g/dl, TLC-8200/m?, platelet count
1.2 lakhs/m3, and differential count was within
normal limits. The biochemical investigations
were random blood glucose—90 mg/d], blood
urea - 32 mg/dl, s. creatinine—0.8 mg/dl; se-
rum Na* — 130 mEq/l; serum potassium —
3.5 mEq/l. CSF analysis was within normal

limits. The patient became conscious after 48 h
of quinine therapy.

Severe anaemia (Hb < 6 g/dl) was found in 8
(7.2 per cent) patients, with mean Hb, 4.2+1.6
g/dl. Moderately severe anaemia (Hb: 6-9 g/dl,
mean = 8.2+1.9 g/dl) was present in 60 (54.5
per cent) patients. Rest 42 (38.1 per cent) pa-
tients had mean Hb of 10.142.1g/d]. Thromb-
ocytopenia (platelet count < 1,00,000) was de-
tected in 4 (3.6 per cent) patients, mean count
was 75,000 + 225.2/m?. One patient had
peripheral pancytopenia with normal bone
marrow picture. G-6-PD deficiency was found
in 4 (3.6 per cent) patients.

All the patients except the patient with cerebral
involvement were treated with chloroquine, The
fever resolution and parasite cleatance time had
been depicted in Fig. 1. The mean fever resolu-
tion time was 38.2 + 10.2 hours (8 to 50 h) and
parasite clearance time was 36.8 + 8.5 hours
(12 to 56 h). It had been observed that 2 (1.8
per cent) patients were chloroquine resistant.
{(Fig. 2). The patient having R-1l resistance was
a 30 year old male who had fever one month
ago for which he had taken chloroquine ad-
equately. The second patient having R-T resis-
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tance was a 40 year female without any history
of similar attack previously and also history of
taking any antimalarial. In both patients neither
urine nor blood level of chloroquine was esti-
mated. All patients recovered completely with
freatment.

DISCUSSION

Studies on vivax malaria are limited because of
the benign nature of the disease. But the present
research revealed not only a changing clinical
profile but also an emerging resistance of vivax
malaria to chloroquine in this part of the coun-
try. Absence of typical malaria paroxysm, mi-
grainous headache, myalgia, episodic urticarial
rash, relative bradycardia and postural hypoten-
sion were the atypical manifestations encoun-
tered in vivax malaria. Absence of fever, pres-
ence of pyrexia equivalents like episodic rash,
headache are the uncommon observations found
in this study. It also showed that 20 (18.2 per
cent) cases have protean presentations. Ofthem
jaundice, haematological abnormalities, cutane-
ous manifestations, gastroenteritis and cerebral
involvement was present in 8 (7.2 per cent}, 8
(7.2 per cent), 2 (1.8 per cent), 1 (0.9 per cent)
and 1 (0.9 per cent) cases respectively, Even if
vivax malaria has been considered as a benign
disease, there are reports documenting its neu-
rological, >3 haematological,?1? hepatic,’! and
renal complications.'? Earlier Upadhyay and
Bhalla!3 reported eight cases of vivax malaria
with protean manifestations of which jaundice,
anaemia and gastroenteritis was presentin4, 2
and 2 patients respectively. Renal failure asa
complication of vivax malaria was found only in
one case.!?
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Jaundice has been reported at presentation in
vivax malaria.!'!! The present study showed
that jaundice, mild to moderate in severity was
present in 7.2 per cent cases and the patients
recovered completely withinaweek (5.5+2.5
days). Apart from hyperbilirubinaemia, AST and
ALT were raised twice of the normal in those
patients. Non specific hepatitis with or without
jaundice, can occur in patients with vivax ma-
laria. Liver biopsy in vivax malaria demonstrated
brown granules and small granulomatous le-
sion.!! One patient presented with diarrhoea in
this series.

Central nervous system marnifestations in vivax
malaria are less common. However, lesser de-
gree of obtundation and delirium has been re-
ported.! Cerebral vivax malaria has been
documented with P vivax multinucleatus in-
fection in China and with malnutrition in

‘Europe.! Two cases of vivax malaria with ce-

rebral involvement have been recorded from
India.®” On rare occasions whenever cere-
bral malaria has been attributed to P, vivax,
co-infection with P, falciparum always ap-
peared as a possibility.>”’ However, in the
present case in addition to negative PBS,
negative HRP-II antigen has also been taken
into consideration to exclude falciparum co-
infection. The case of cerebral vivax malaria
in this series was a female who delivered a
baby a month ago. Associated malnutrition
may be a predisposing factor for cerebral in-

. volvement in this case. The patient recovered

completely with treatment. Parenteral quinine
has been administered in this case because of
apprehension of chloroquine resistant vivax
malaria in this locality.
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Apart from cerebral involvement, hemiplegia,5
peripheral neuropathy® and ataxia! have also
been described in vivax malaria. Inthe present
series we have not encountered those comphi-
cations. Neither in this nor in other series, com-
plications like hypoglycaemia and seizures have
been encountered.

Haematological complications like severe
anaemia, thrombocytopenia and pancytopenia
was found in 7.2, 3.6 and 0.9 per cent cases
respectively. £ vivax has been attributed as the
cause of pancytopenia in a patient of chronic
myeloid leukaemia after allogenic blood stem cell
transfusion.'? Even without any disease i can
induce severe anaemia and thrombocytopenia.?
Relative bradycardia and postural hypotension
have been observed in vivax malaria.

G-6-PD deficiency was detected in 3.6 per cent
cases of vivax malaria. None of the patients who
had jaundice, severe anaemia and chloroquine
resistant were G-6-PD deficient. Chloroquine
resistant vivax malaria was foundin 2 (1.8 per
cent) cases, RII, and RIII one case each. Simi-
lar incidence of resistant benign tertian malaria
was detected in 1 to 2 per cent cases in
Mumbai . After the first report of chloroquine
resistant vivax malaria from Papua New Guinea
in 1989, subsequent reports form different parts
of the world including India has appeared.’
However, lack of in vitro study and estimation
of chioroguine in blood are the lirnitations of most
of the reports including the present one.

Different regimens have been advocated for treat-
ment of chloroquine resistant vivax malaria.
Those include quinine sulfate 600 mg eight hourly

daily with or without doxycycline for seven days,
chloroquine (25 mg base/kg) plus primaquine
(2.5 mg/kg) in three divided doses over 48 hours,
extended course of chloroguine (600 + 600 +
300 + 300 mg base) followed by primaquine
15 mg for 14 days and mefloquine.'* As an anti-
relapse medication in G-6-PD deficient subjects
45 mg of primaquine weekly for eight weeks
has been recommended, 14

In spite of these complications, therc was o
mortality in the present series. The patients
responded well to treatment. Except a couple
of resistant cases, ail became afebrile and
aparasitaemic by 48 hours of chloroquine
therapy. The outcome of vivax malaria is invari-
ably good. Not a single death had been reported
during the epidemic of 1964 in Sri Lanka.! Simi-
larly no death had also been reported from 2573
cases of vivax malaria in Thailand. ! However,
a patient of vivax malaria with shock and multi
organ involvement died in Czech Republic. '¢

Though pernicious syndromes in vivax malaria
has been documented occasionally, inapparent
mixed co-infection with P, falciparum could not
be excluded adequately.*-% In none of the re-
ports, HRP-Il antigen of P fadciparum had been
utilised for exclusion of falciparum malaria. As
this test does not cross react with other species
of malaria like P malariae, P. ovale and P
vivax, a negative ParaSight F-test in a patient
of vivax malaria almost excludes the possibility
of falciparum co-infection.!” The mechanism of
pernicious manifestations of vivax ralaria is not
clearly understood. Strain variations, associ-
ated malnutrition and depressed immunity may
contribute for severe manifestations of vivax
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malaria, which needs further research. The
- gradual development of resistance to chloro-
guine and pernicious manifestations of benign
tertian malaria may be considered as a warning
signal. Hence, health personnel should take ap-
propriate measures in the treatment of 2 vivax
infection.
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Enhancement of Antimalarial Activity of
Chloramphenicol against Indian Plasmodium
falciparum Isolates in vitro by Chloeroquine

SUKLA BISWAS?

The antimalarial activity of chloramphenicol, a broad-spectrum antibiotic was studied in
three Indian Plasmodium falciparm isolates having high or low sensitivity to chloroquine.
The antimalarial activity was evaluated in 72 hours culture in the presence of various doses
of chloramphenicol alone or in combination with a fixed dose of chioroquine added at a
concentration that is well tolerated by parasites ir vitra. Significant growth inhibition with
chloramphenicol was observed at concentrations above 10 pg/ml in three jsolates. However,
an increase in the antimalarial activity of the compound at low concentrations in the range of
0.25-2.5 pg/mi has also been observed in the presence of chloroguine. Parasite growth was
significantly inhibited in chloroquine resistant parasites. Use of chloramphenicol with
chloroquine may be useful as a combination therapy to improve efficacy of the antimalarials
and to retard the development of resistance to the individual components of the combination.

Keywords: Chloramphenicol, Chloroquine, Drug sensitivity, fir vifro culture, Maiaria,

P falciparum

INTRODUCTION

Chioramphenicol is a broad-spectrum antibiotic,
which is obtained from cultures of the soil bac-
terium, Strepfomyces venezuelae. It exerts its
antimicrobial effects by targeting bacterial ribo-

some.! Antimalarial activity of chloramphenicol
was reporied about 50 years ago. Trials were
conducted with various antibiotics including
chloramphenicel in human vivax and falciparum
malaria.%® Data, thus generated showed that
clearance of parasitaemia and fever was slower

“Malaria Research Centre (ICMR), 22-Sham Nath Marg, Delhi-[ 10 (54, India.
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with the antibiotics than chiloroquine and other
antimalariais. With these results, use of antibiot-
ics was not considered in the treatment of ma-
laria. Rieckmann et al.4 first demonstrated the
use of the antibiotic, tetracycline and ifs efficacy
in chloroquine resistant P, falciparum strains.
Tetracycline and quinine in combination are
being used as effective antimalarials for the treat-
ment of P, falciparum infection in those areas
where parasites have become resistant to chlo-
roquine and other antimalarials.’ Now a days
combination therapy in malaria especially in re-
sistant infections is getting a high priority.®
Chloramphenicol as an effective antibiotic, is
often given to patients suffering from pyrexia
of unknown origin, where malaria is not ruled
out. In this situation, this drug may be helpful in
combination with a rapidly acting antimalarial in
treating malaria infection also.

Present study was undertaken to determine the
activity of chloramphenicol alone in chloroquine
sensitive and resistant P. falciparum strains in
vitro and also to determine if there was any in-
crease in antimalarial activity of chlorampheni-
col with a fixed concentration of chloroquine or
with various doses of chloroquine with a fixed
concentration of chioramphenicol.

MATERIALS AND METHODS
Drug and preparation of culture plates

Chloramphenicol (CPL) in the powdered form
was obtained from Boehringer Mannheim
GmbH, Germany. A stock solution of 3 mg/ml
was prepared in 0.2 ml ethanol (for dissolving)
and 0.8 ml sterile 0.015M phosphate buffered
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saline (PBS), pH 7.2. Wells of flat bottom 96-
well tissue culture plates were dosed with 250,
100,50,25,10,5,2.5,1,0.5and 0.25 pg/ml
concentrations. Chicroquine phosphate (CQ)in
powdered form was obtained from SIGMA
Chemical Company (St. Louis, MO, USA). A
stock solution of 2.56 mg/m! was prepared in
PBS. Wells of 96-well tissue culture plates were
dosed with 256, 128, 64, 32, 16, 8,4 and 2
ng/ml concentrations. In CPL dosed plates, CQ
at a concentration of 16 ng/ml was added and in
plates dosed with CQ, CPL at a concentration
of 10 pg/ml was added in each well respec-
tively. Wells with plain PBS (without drug) were
kept as control. Drug dosed plates were dried
under laminar flow, then sealed and stored until
use.

Parasite lines

Indian P, falciparum isolates with variable sen-
sitivity to CQ (in vive and in vitro) were used
in the study. Chloroquine and sulpha-py-
rimethamine (SP) sensitive and resistant strains
were selected on the basis of patients’ response
and in vitro susceptibility of clinical isolates fo
the drugs. In brief, the methodology is as fol-
lows: Patients reported in local/field clinic with
fever were screened for malaria parasite. £
falciparum positive cases with asexual para-
sitaemia of above 1000 parasites/pl blood
with no history of taking CQ or other antima-
larial drugs; with no history of intolerance to CQ
were enrolled for in vivo and in vifro drug sen-
sitivity tests (Day 0) after obtaining informed
consent from the patients. An extended 28-day
field test was used to monitor the therapeutic
efficacy of both CQ and SP as per WHO guide-
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lines and protocol.”*? Enrolled patients were ad-
ministered orally a total dose of CQ—25 mg/kg
and a total dose of SP—25/1.25 mg/kg body
weight. Thick and thin blood smears were
examined for the presence of asexual parasite
(ifany)on Day 1,2,7, 14,21 and 28 givinga
total observation period of four weeks in each
case. The in vitro test was performed on Day 0
as per the published method.”

Three P, falciparum isolates with variable sen-
sitivity 1o antimalarials were used in this study.
The FDL-B and FDL-NG isolates were ob-
tained from patients belonging to Delhi; FSH-
14 was isolated from patient belonging to
Shankargarh, Allahabad. The FDL-B isolate
is sensitive to both CQ and SP, while FDL-
NG showed RII grade resistant to CQ but sen-
sitive to SP and FSH-14 showed RII grade
resistance to both.10 These parasites were
grown, adapted and maintained in continuous
culture by candle-jar technique using estab-
lished protocol.!! :

In vitro assay

The antimalarial activity of CPL., CQ aloneorin
combination with both was determined in the
three parasite lines by setting cultures in four sets
of respective drug dosed plates. The inoculum
in each well consisted of 200 pul of five per cent
erythrocyte suspension having 0.5 per cent syn-
chronized ring form parasite in RPMI-1640
media enriched with 10 per cent human AB se-
rum {v/v}) obtained from a healthy normal per-
son, Parasites in the presence of drugs were al-
lowed to grow at 37°C for 72 h. Growth of the
parasite from each well was monitored micro-

scopically by counting the number of schizonts
per 200 asexual parasites and total number of
parasites per 5000 RBCs. Per cent schizont
maturation inhibition (SMI) and total parasite
growth inhibition (PGI) were calculated by the
formula: (1-Nt/Nc) x 100, where Nt and Nc¢
represent the number of parasites in the test and
control wells respectively. Minimum inhibitory
concentration (MIC)-—the concentration of the
drug which killed nearly all the parasites, was
calculated for determining the effect of CPL/CQ
alone and in combination of each other. 12

Statistical analysis

The differential response of three P, falciparum
isolates to CPL and CQ and to combinations of
both the drugs was determined by the method
of one~-way analysis of variance. To compare
the MICs with single drug or combinations,
Spearman rank test was used. The result was
considered significant at five per cent level.

RESULTS

Parasites'were exposed to various concentra-
tions of CPL alone or in combination with fixed
dose of CQ in vitro for 72 h. Substantial effect
of CPL on schizont maturation and overall para-
site growth was achieved above 10 pg/mi con-
centration (Table 1). However, in the presence
of CQ at a concentration of 16 ng/ml (3.2 ng
per well) parasite growth and reinvasion were
significantly inhibited even at a lower concen-
tration 0of 0.25 pg/mlin case of CQ-sensitive
FDL-B isolate (p<0.01) and at 2.5t0 5 pg/ml
in case of resistant lines FDL~-NG and FSH-14
{p<0.001). As observed, there was an en-
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Tablel. Effect of chloramphenicol alone and in combination with chloroquine in chloroquine sensitive
{FDL-R) and resistant (FDL-NG, FSH-14) P falciparum isolates in 72 h culture

CPL CPL/CPLACQ (16 ng/ml)
{pg/ml)
FDL-B FDLNG FSH-14
% SMI % SMI %PGI %PGl %SMI % SM! %PGI %PGl %SMI %SMI %PGl %PGI
(CPL) (CPL+ (CPL)} (CPL+ (CPL) (CPL+ (CPL) (CPL+ (CPL) (CPL+ (CPL) (CPL+
CQy CQ) Q) CcQ) Q) CQ)
250 100 oy 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 106 100 100 100 100 100
500 100 160 94 100 100 100 S0 100 100 100 90 100
25 80 100 &2 100 8 10 69 100 75 100 70 100
10 60 100 .70 94 72 100 66 94 67 100 53 90
5 50 100 55 85 45 82 3 T 50 60 37 73
25 10 83 24 79 9 67 17 67 17 50 17 63
1.0 g 75 9 79 0 33 7 45 8 30 7 37
0.5 0 75 0 76 0 25 6 39 0 20 0 27
0.25 0 75 0 79 0 33 0 27 0 20 0 23

SMI—--Schizont maturation inhibition; PGI—Parasite growth inhibition.

hancement of the effect of CPL along with CQ
in parasite growth in all the three isolates
(Table 1).

Chloroquine susceptibility (CQS) profile of the
three parasite isolates confirmed their sensitiv-
ity and resistant status i# vitro. Parasites growth
below 16 ng/ml was considered as sensitive,
whereas parasite growth at or above 32 ng/ml
was considered as resistant as per published
protocol.}? Inhibition in growth of FDL-B was
observed at a low concentration of' 4 ng/mi CQ.
In two drug resistant lines, parasites growth

occurred even at 128 ng/ml CQ concentration
(Table 2). Addition of CPL at 10 pg/ml(2 ug
per well) caused inhibition in schizont maturation
and in total growth of the parasites even at low-
est concentration—2 ng/mi (Table 2). Parasiti-
cidal activity of CQ in combination with CPL was
increased about four times in FDL-B (p< 0.05)
and about five to six times in FDL-NG and ESH-
14 (p<0.001).

The drug concentrations, which inhibited 90 per
cent schizont maturation or total parasite growth
were compared. Parasite growth in CPL alone
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Table 2. Effect of chloroquine alone and in combination with chloramphenicol in ehloroquine sensitive
{FDL-B) and resistant (FDL-NG, FSH-14) P falciparum isolates in 72 h culture

€Q con- CQ/CQHCPL.(10 pg/mi)
centration
{ng/ml) FDL-B FDEANG FSH-14

%SMI % SMI %PGl %PGI % SMI %SMI %PGl %PGl %SMI %SMI %PGl %PGl
(CQ) (CQ+ (CQ) (CQ+ (CQ (CQ+ (CQ) (CQ+ (CQ) (CQ+ (CQ) (CQ+

CPL) CPL) CPL) CPL) CPL) CPL)
256 100 100 100 100 100 100 100 100 100 100 93 100
128 j00 100 100 100 8 100 69 100 75 100 67 100
64 100 100 100 100 64 100 5S¢ 100 50 100 50 100
32 . 100 100 100 100 36 100 24 100 42 100 40 93
16 70 100 67 100 27 100 21 100 25 100 20 90
8 50 100 45 91 27 100 10 O 8 8 7 80

30 8 3% 07 9 75 0 67 6 70 3 60
2 0 & 12 67 075 0 64 0 6 0 60

SMI—Schizont maturation inhibition; PGI-— Parasite growth inhibition.

Table 3. Minimum inhibitory concentration values of chloramphenicol and chloroquine alone and in
combination of each other on parasite schizont maturation and total growth

Parasite MIC in pg/ml{MeantS.13.} MIC in ng/m! (MeantS.D.)
lines
CPL CPL in combination CQ CQ in combination
with 16 ng/ml CQ with 10 pg/mi CPL
FDL-B % SMI 27+1.02 2.7+0.13 18.5+0.80 444062
- %PGI 374305 7.0+036 19+0.71 7.7+0.67
FDL-NG % SMI 26+1.93 54+0.83 140+10.98 46+0.37
% PGl 504131 7801043 145+648 7840388
FSH-14 % SM] 28.5+1.56 621096 140+5.69 8.8+098
% PGI 50+1.53 10+0.99 2334589 16+1.42

SMI---Schizont maturation inhibition; PGI—Parasite growth inhibition; MIC—Minimum inhibitory concentra-
tion,

or in combiration with CQ showed significant  with CPL. showed significant changes (r=0.715;
reduction in MIC (r= 0.839; p<0.02). Values p< 0.05) as observed in CPL+CQ combina-
of MIC, in case of CQ alone or in combination tion (Table 3).
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DISCUSSION

From the present study it is observed that CPL
can affect 2 falciparum growth in vitro effi-
ciently when parasites were exposed at least for
two complete cycles of ring form to schizont
development. Schizont maturation rate was
significantly reduced at 10 pg/ml CPL. Inan
earlier study, antimalarial activity of CPL was
observed after 96 h in established P fal-
ciparum lines FC and K-1. Minimum inhibitory
concentrations were in the range 0 10.7 to
12.5 pg/ml. 34 Parasites, which were grown in
CPL+CQ dosed culture, where CQ was added
at a borderline concentration, generally caused
50 per cent inhibition in almost all CQS lines but
well tolerated by the resistant falciparum lines,
Additional dose of CQ caused notable effect in
the three parasite isolates. Results were encour-
aging when parasites were exposed to variable
doses of CQ) with an additional fixed dose of
CPl.. Chloroquine resistant parasites showed
higher sensitivity as observed from the growth
inhibition profile. Findings of the study indicated
that addition of CQ or CPL caused a boost in
antimalarial activity in vifro, this effect could be
additive or synergistic.

Generally, in vitro results of most of the com-
pounds are very promising but sometimes come
out as ineffective in human use dve to their phar-
macokinetic properties. Antimicrobial agents like
doxycycline, tetracycline, clindamycin, mino-
cycline, erythromyein, etc. have been evaluated
for their antimalarial activity, but were found to
have limiied potential and more side effects. >
Chioramphenicol as a bacteriostatic protein syn-
thesis inhibitor was tested in P, falciparum and

also in Babesia rodhaini and Theileria parva
culture lines o check its antiprotozoal activity in
order to determine its suitability for routine in-
clusion in protozoan cultures, Among three pro-
tozoans, P, falciparum showed high sensitivity
to CPL invitro.'S " In arecent study, effect of
CPL on nucleoside-5' triphosphates (NTPs) and
2' -deoxymucleoside-5' triphosphates (ANTPs)
levels were compared in P, falciparum and hu-
man leukaemia cells. The drug caused more se-
vere effects on the levels of NTPs and dNTPs
in P, falciparum compared to leukaemia cells,
which may provide an explanation for its selec-
tive toxicity against malaria parasite. 8

In Malawi, clinical overlap of bacteraemia with
malaria and anaemia is common and causes
delay in diagnosis. In Malawian children above
six months age, non-typhoidal Salmonella
bacteraemia was significantly associated with
malarial parasitaemia. Antibacterial in vifro
resistance to ampicillin (79 per cent), co-
trimoxazole (72 per cent), gentamicin (55 per
cent) was very common in comparison to CPL
(0.3 per cent). Thus, chloramphenicol became
the antibiotic of choice for the treatment of non-
typhoidal bacteraemia.’% Clinical algorithm was
developed to help in distinguishing typhoid and
malaria in a hospital-based study during an epi-
demic of typhoid in the highlands of Papua New
Guinea. In this study, mainstay of treatment was
CPL and a very few problems were encoun-
tered with its use in patients. !’

Among ali currently used antimalarials, CQ s

cheap, relatively well tolerated, can be adminis-

tered simply and is the drug of choice in most
areas, but its use as a first line treatment is now
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becoming limited due to evolution of CQ resis-
tant £ falciparum.’® 20 In CQ resistant areas,
its use can be extended by combining with other
antimalarial drugs. The combination therapy isa
present day demand to treat drug resistant ma-
laria cases, it offers hope for preserving the effi-
cacy of currently used antimalarials and prolong-
ing their useful therapeutic life.% Quinine, a prom-
ising antimalarial drug is also being given with
other antibacterial drugs having antimalarial ac-
tivity, such as clindamycin, erythromycin,
rifampicin and chioramphenicol.> Chloram-
phenicol, an effective antibiotic, also possessing
antimalarial activity could be useful in combina-
tion with non-curative but rapidly acting antima-
larial in the treatment of drug resistant malaria.
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Relative Efficacy of Five Synthetic Pyrethroids
against Four Vector Mosquitees, Anopheles
culicifacies, Anopheles stephensi, Culex
quinquefasciatus and Aedes aegypti

PK.MITTAL® T. ADAK®? and S.K. SUBBARAQ*®

Keywords: Aedes aegypti, Anopheles culicifacies, An. stephensi, Cx. quinguefasciatus,

Efficacy, Pyrethroids

Synthetic pyrethroids are being used as alterna-
tives to control DDT, HCH and malathion re-
sistant malatia vectors in India,’+ though cross-
resistance between DDT and synthetic pyre-
throids in some mosquitoes due to knock-down
resistance (kdr) factor, have been reported. 33
The property of rapid knock-down action and
excito-repellency against mosquitoes coupled
with low mammalian toxicity make synthetic
pyrethroids as ideal molecules for vector con-
trol. Photostable analogues of synthetic pyre-

throids such as deltamethrin, lambdacyhatothrin,
cyfluthrin, permethrin, etc. are highly effective
as residual insecticides and are used for impreg-
nation of mosquito nets and curtains.>% A con-
tact period of few minutes with pyrethroid treated
surface is sufficient to kill mosquitoes,? whereas
in case of other insecticides the duration of con-
tact with treated surface is much higher, Various
insecticides of the synthetic pyrethroid group are
now available and are being used or likely to be
used in control of mosquito vectors in the coun-

aMalaria Research Centre (ICMR), 22-8ham Nath Marg, Delhi—110 054, india.
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try. This paper reports the efficacy (LT, val-
ues) of five synthetic pyrethroids against adult
mosquitoes of laboratory colonized strains of
Anopheles culicifacies, An. stephensi, Culex
quinquefasciatus and Aedes aegypti, which
have developed varying degree of résistance to
DDT and malathion but they are still susceptible
to pyrethroids and carbamates. However, there
are some reports which have shown reduced
susceptibility or resistance to pyrethroids in An.
culicifacies, 10:11

Laboratory colonized, pyrethroid susceptible
strains of An. culicifacies sp C, An. stephensi,
Cx. quinguefasciatus and Ae. aegypti, being
maintained in the insectary of Malaria Research
Centre for at least five years without selection
pressure of any insecticide, were used to deter-
mine the baseline toxicity (in terms of lethal time)
against five synthetic pyrethroids.

Insecticide impregnated papers of WHO
recommended '? diagnostic doses of deltamethrin
(0.05 per cent), lambdacyhalothrin (0.05 per
cent), cyfluthrin (0.15 per cent), permethrin (0.75
pet cent) and bifenthrin (0.1 per cent, not a diag-
nostic dose), were used for bioassays which were
performed with the WHO susceptibility test kit
on adult mosquitoes.! For all these bioassays
3 to 4 days old, blood fed mosquitoes were ex-
posed to insecticide treated papers in batches
of 15 mosquitoes per tube in three replicates for
each exposure time, which varied between 0.5
and 60 min and at least five different exposure
times were used for each species, depending
upon the mortality in each species. After the
exposure for specified duration, the mosquitoes
were transferred to the holding tube for recov-

ery and the mortality was finally recorded after
24 h of the holding period. For control assay.
the mosquitoes were exposed on control paper
for one hour and then transferred to the holding
tube for 24 h. During this period the mosqui-
toes in holding tubes were kept under constant
temperature of 27+2°C and relative humidity of
7545 per cent. The data on per cent mortality
vs exposure time for each mosquito species
against five insecticides were analyzed using
log-probit method’# to determine their LT,
values. The efficacy of different pyrethroids
was statistically compared in terms of LTy,
values and their 95 per cent confidence limits.
The difference was considered significant if
there was no overlapping of the 95 per cent
confidence limits.

Table 1 shows the relative efficacy in terms of
fethal time for 50 per cent mortality (LT 5, values)
of different synthetic pyrethroids against 4n.
culicifacies, An. stephensi, Cx. gquingue-
fasciatus and Ae. aegypti. The LT, value for

* An. culicifacies, against deltamethrin (0.05 per

cent), lambdacyhalothrin (0.05 per cent),
permethrin (0.75 per cent}, cyfluthrin (0.15 per
cent) and bifenthrin (0.1 per cent) were <0.5,
<0.5,0.74, < 0.5 and 1.78 min respectively,
while these values for An. stephensi against
five pyrethroids were 2.4, 7.89, 2.59, 2.955 and
29.319 min, respectively. The LT, values for
Cx. gquinquefasciatus and Ae. aegypti against
five pyrethroids were 5.169,12.77,11.92,6.412
and 29.319minand 2.364,17.32,2.859, 2.698
and 27.819 min, respectively.

The data revealed that of the four mosquito spe-
cies, An. culicifacies was most susceptible to
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Table 1. Relative efficacy of five pyrethroids against An. culicifacies, An, stephensi, Ae. aegypti and
Cx. quinguefusciatus

Insecticide Mosquito spp Lethaltime (LT )inmin  Regression equation 12 (degree of
{Cong.) {95% confidence limits) ’ freedom)
Deltamethrin An. culicifacies <D.5 Y =2.5696X+2.79 0.2118(2)
(0.05%) An. stephensi 24(1.65-3.3) Y =0.921X+3.01 10.06(3)
Cx. quinquefasciatus 5169 (3.678-6.82T) Y =1.541X+3.901 415(4)
Ae. aegypti 2.364 (1.737-3.031) Y =1.434X+4.464 4.207(4)
Lambdacyhalothrin - An. culicifacies <0.5 Y =19012X+3.008 6,501 (3)
{0.05%) An. stephensi 7.891(5.888~11.859) Y =1278X+3.853 77263
Cx, guinguefasciatus  12.77(9.398--17.029) Y=1557TX+3.277 . 3403 (%)
Ae. aegypti 17.234(14.014-21.508) Y =1.7314X+2.855 460(H
Permethrin - An. culicifacies 0.743(021-1.024) Y=3.1542X+4.2016 G.211(2)
{0.75%) An. stephensi 2.59(1.513-3621) Y =1.5695X-+4.35 2.3428¢4)
Cx. gquinguefasciatus 11.92(9.057-15.28) Y =1.809X+3.053 0.534(3)
Ae. gegypti 2.859(2.245-3.447) ¥Y=2.587X+3.819 8.9038(4)
Cyfluthrin An. culicifacies <{.5* -
{0.15%) An. stephensi 2,955(1.385-4.584) Y =1.064X+4.49 2.7168(4)
Cx. guinguefasciatus 6412 (4.096-8.661) Y =1.623X+3.69 0.680(3)
Ae. aegypti ' 2.658(1.338-3.692) Y =2464X+3.938 05817(3)
Bifenthrin An. culicifacies 1.7821(0.852-2.565) Y =2.1422%+4 462 1.195¢2)
{0.19%) An. stephensi 36.251(27.88-50.03) Y=1.1827X+3.156 15.283(2)
Cx. guinguefasciatus  29.319(22.886-39.946) Y =1.984X+14.46 3319(2)
Ae. aegypti 27.819(21.996-36.376) Y =1.6803X+2.573 6.1429(2)

*100% mortality was observed in 30 sec.

all the synthetic pyrethroids tested in this study.
However, the toxicity of different pyrethroids
against other mosquito species varied between
different species. In an earlier study adult mos-
quitoes of 4n. culicifacies were reported as
most susceptible of the four species to K-othrine,
a formutlation of deltamethrin, but in the larval
stage, Culex and Aedes spp were more sus-
ceptible than An. culicifacies. 1

The efficacy of Iambdacyha]oﬂlﬁﬁ was compa-
rable with deltamethrin against An. cuficifacies

but against other mosquito species, deltamethrin
was more toxic than lamdacyhalothrin. The dif-
ference in the LT 5, values of two insecticides
was 3.28 fold higher against An. stephensi, 2.47
fold higher against Cx. guinguefasciatus, and
7.32 fold higher against Ae. aegypti when com-
pared to that of An. culicifacies. However, there
was not much difference in the LT, values of
deltamethrin and cyfluthrin against all the four
mosquito species though cyfluthrin produced 100
per cent mortality against 4n. eulicifacies injust
30 sec exposure pertod. Since the toxicity of



MITTAL ETAL: EFFICACY OF SYNTHETIC PYRETHROIDS AGAINST VECTOR MOSQUITOES 37

deltamethrin was determined with 0.05 per cent
papers and it was more or less same as that of
cyfluthrin determined with 0.15 per cent pa-
pers, it can be considered that deltamethrin is
relatively more effective against different mos-
quito species than cyfluthrin except against An.
culicifacies. Similarly, the LT 5, of permethrin
(0.75%) and deltamethrin (0.05%) was more
or less of the same order except for Cx.
guinquefasciatus. This clearly shows that
deltamethrin is about 15-35 fold more effective
than permethrin at LT 5 level against different
mosquito species. The difference in the efficacy
against Cx. quinguefasciafus was more pro-
nounced than other mosquito species.

Of all the five synethic pyrethroids, bifenthrin was
virtually least effective, however, when the effi-
cacy in terms of active ingradient (ai) value was
compared, bifenthrin was found to be more toxic-
than permethrin against An. culicifacies and Cx.
quinguefasciatus but less toxic than permethrin
against An. stephensi and 4e. aegypti. Though
the inherent toxicity of different pyrethroids dif-
fers against different species, their efficacy in the
field against different mosquito species depends
upon several other factors. 1617 The data against
different mosquito species, as determined in this
study, clearly showed that cyfluthrin is the most
effective against An. culicifacies followed by
deltamethrin, lambdacyhalothrin, bifenthrin and
permethrin, while deltamethrin is the most ef-
fective against all the mosquito species except
An. culicifacies followed by cyfluthrin and
lambdacyhalothrin, and permethrinis least effec-
tive against An. culicifacies and Cx. quingue-
fasciatus, while bifenthrin is least ofective against
An. stephensi and Ae. aegypti among different
synthetic pyrethroids used in this study.
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Susceptibility of pregnant womnen to malania in-
fection has been reported to change according
to the age of gestation, parity’+ and hormonal
changes encountered during pregnamy.3 How-
ever, non-pregnant adults residing in malaria
endemic areas*® have shown age-related im-
munity against malaria. Thisimmunity was shown
to limit parasitaemia thereby making it possible
for these adults to appear appatently healthy.
Hence, the present study was designed to in-
vestigate the incidence of asymptomatic malaria
and detect Plasmodium falciparum specific-
IgG in pregnant women showing no sign and
symptom of clinical malaria infection.

For this study 229 apparently healthy pregnant
women (at different gestational age and gravid-

ity), aged 20-35 years without any sign and
symptom of malaria were recruited for the study.
The pregnant women were screened for ma-
laria parasites and separated into asymptomatic
malaria (n = 139) and uninfected (n = 90)
groups based on either positive or negative blood
films for malaria parasites. Other tests performed
with the blood samples include malaria para-
sites density as described by Rooth er al.? and
P. falciparum specific (Pf)-1gG detection by

indirect ELISA technique (Celflabs Pvt. Ltd.,

Australia). The mean (+SD) of the variables was
determined and ANOVA was used to assess
the level of significance.

The present study observed no significant dif-
ference in the malaria parasites density amongst

3Chemical Pathology Deptt., College of Health Science, Nnamdi Azikiwe University, PMB 5001, Nnewi, Nigreia.
bChemical Pathology Deptt., College of Medicine, University College Hospital, PMB 5116, Ibadan, Nigeria.
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the pregnant women with asymptomatic malaria
in different gestational age (p > 0.2) or gravidity
(p > 0.2). However, the median, mode and
peak asymptomatic malaria parasites were 341,
347 and 1380/ pl of blood respectively in the
asymptomatic pregnant women. The PfIgG
concentration was significantly different between
the asymptomatic malaria and uninfected preg-

nant women during the first (p <0.05) and third
(p <0.05) trimesters of pregnancy and between
the asymptomatic malaria and uninfected
secondigravidae pregnant women (p < 0.05)
{Tables 1 and 2}. -

The preserit study observed asymptomatic ma-
laria parasitaemia amongst apparently healthy

Table 1. Log;q (meari +5D) MPD and {(mean + SD) serum absorbance of P falciparunt specific
(PP-1gG in pregnant women at different trimesters

Variables Log,, mean Pi1gGin Pf1pG in PWM Pf-1gGin PAM
MPD in PAM PAM vs PWM

F trimester 2.480+0.274 0.546+0.183 0.630+0.171 p<0.05

{(n (n=46) - (n—=46) (n=30)

H trimester 2.514+0.270 0.603+0.289 0.519+0.289 p>0.2(NS)

{n) (n=47) (n=47) (n=30)

Il trimester 2.532+6.200 0.593+0.199 047140207 p<0.61

(n) {n=46) (n=46) n=30) ’

p>0.1 (NS)

$D-—Standard deviation; PAM—-Pregnant women with asymptomatic malaria; PWM-Pregnant women with-
‘ont malaria; MPD—Malaria parasite density; n—Number of subjects; NS-—Nonsignificant. -

Table 2. Log,, (mean +8D) MPD and (mean * SD) serum absorbance of . falciparum specific
(PP)-1gG in pregnant women of different gravidae

Variables Log,; mean PlieGin PfieGin PWM Pf-1gG in PAM
MPD in PAM PAM vs PWM

Primigravidae 234610238 0.549+0.168 0.588+0.280 p>0.2(NS)

(n) (n=48) {n=48) (n=130)

Secondigravidae ' 2281440.301 0.584+0.206 0456+0.222 p<0.05

(n) (n=37) (n=37) (n=30)

Multigravidae 231610200 0.645+0.161 0.679£0.104 p>02(NS)

(n) - (n=34) . {ri=54) (n=30) .

p>0.1{NS)

S$D—Standard deviation; PAM—Pregnant women with asymptomatic malaria; PWM-~Pregnant women with-
out malaria; MPD—Malaria parasite density; n—Number of subjects; NS— Nonsignificant.
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pregnant women. This observation suggests that
pregnant wonien have the ability to limit malaria
parasitaemia which may have been due to the
gradual built-up of malaria immunity acquired
over time in malaria endemic area.”#-}1 How-
ever, the sustenance or collapse of this protec-
tive Immunity may result in asymptomatic or clini-
cal malaria respectively. Thus, this calls for the
possible existence of asymptomatic malaria para-
site threshold value, within which the pregnant
women remain asymptomatic and outside which
clinical presentation occurs. In this study the
asymptomatic threshold is 1380 parasites per
pl of blood, which represents +4 standard
deviation of the mean parasites density. Such
belief has been reported in children else-
where.!2714 The evidence of sustained malaria-
specific antibody immunity was observed in the
asymptomatic pregnant women studied. This
seems stronger during the first trimester possible
due to the influence of attained pre-pregnancy
immunity and the decline by third trimester may
be due to active inhibition of the parasite multi-
plicity and/or physiologic transfer to the foetus
in utero. Therefore, the present study indi-
cates that at certain parasites density the preg-
nant women may have the potential needed to
limit malaria parasitaemia when compared to their
counterpart nonpregnant adults.
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Malaria still remains as an important vector-
borne disease in India. Despite the DDT spray
operation under National Anti Malaria Pro-
gramme (NAMP) as an antimalaria measure,
the transmission of malaria continues to be
uninterrupted! and causes deaths almost every
year.?

Focal outbreaks of malaria are of common oc-
currence in forest-fringed villages of Assam.
Morbidity and mortality due to Plasmodium
falciparum infection is alarming,? Perennial and
persistent transmission of malaria is well-known
in this region which is compounded by Pfresis-
tant to antimalarial drugs,># high man-vector
contact, favourabie breeding conditions, diffi-
cult terrain, lack of awareness and low socio-
economic conditions. The dominance of P, falci-
parum, a killer parasite in Assam and Aroph-

eles minimus, the major vector of malaria, sup-
port the continued transmission of the disease 6
Incrimination of An. dirus from Dibrugarh dis-
trict,” An. fluviatilis from Boko area® and An.
culicifacies from Garubandha area of Sonitpur
district? of Assam as malaria vectors, also con-
firm their role in the transmission of the disease.
Moreover, vast ecological changes have been
taken place in the region in recent years causing
enornous increase in mosquitogenic conditions.

In this communication, situation of malaria and
vector species in forest-fringed villages of North
Lakhimpur district (Assam) are presented.

The study area is comprised of four forest-
fringed villages—Durpang, Bishrupur, Santipur
and Mirigaon on Assam~Arunachal Pradesh
border under Dhalpur PHC in North Lakhimpur

_ivisfon of Medical Entomology, Defence Research Laboratory, Post Bag No, 2, Tezpur-784 001, India.
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district of Assam. The villages are scattered,
thinly populated and remote, and often located
along the perennial streams and kutcha nallahs
at foothills, whereas paddy fields are in flat lands.
The inhabitants comprise of Assamese, ex-tea
garden labourers, adivasees and tribes both from
Assam and Anmachal Pradesh. The areais cov-
ered with large forestations intersected by
streams and kutcha nallahs. Human dwellings
are often with an adjacent cattleshed and are
made of bamboos with thatched roofs. Mos-
qguito fauna is rich and vector density is high due
to frequent rainfall and conducive climate
throughout the year.

Door-to-door collection of blood samples was '

carried out in four affected forest-fringed villages,
according to active case detection (ACD).
Blood samples (both thick and thin smears) were
‘stained with Giemsa and examined under the
microscope. Presumptive treatment was given
to all fever cases during collection of blood
samples followed by radical treatment to all
malaria positive cases as per NAMP policy!®
by malaria workers to check further transmis-
sion of the disease. Epidemiological parameters

such as SPR, SfR, P/ per cent and age-wise
distibution of malaria cases were calculated,

Adult mosquitoes were collected from human
dwellings and cattlesheds with the aid of 6-volt
motorcycle battery-operated CDC miniature
light-traps (Communicable Disease Centre,
USA) from dusk- to-dawn.® Mosquitoes were
identified using standard keys.!! Alive mosqui-
toes were dissected to determine their physi-
ological age and sporozoite infection of salivary
glands.?

Examination of blood samples revealed 46.5
per cent positivity rate {SPR) ranging between
19.2 and 60.2. P, falciparum was the domi-
nant species and accounted for 60.4 per cent of
the total cases (Table 1). This confirmed the
earlier observations made in different geographi-
cal areas of Assam.! Among the four villages,
the highest SPR was recorded in Bishnupur
(60.2) followed by Santipur (58.5), Mirigaon
(38.1) and lowest in Durpang (19.2). There was
litile difference in the incidence of malariaamong
male and female populations. Maximum num-
ber of positive cases (57.5 SPR) were recorded

Table 1. Results of active surveillance of malaria in forest-fringed villages of
North Lakhimpur district (Assam)

Village Paopulation  BSCE P Py SPR SR P%
Durpang 180 52 7 3 192 135 769
Bishnupur 260 93 & 18 602 409 679
Santipur 175 41 10 it 585 244 417
Mirigaon 145 42 9 7 381 214 563
Total 760 228 64 42 46.5 281 604
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among population below 20 yrs of age with 63.8
per cent Pfcases (Table 2). Children between
6 and 15 yrs of age were the worst sufferers
(63.2 SPR). Dutta and Rajvir!3 also reported
high incidence of malaria among children up to
14 yrs of age in north Indian districts and Das
et al 8in Nalbari district of Assam.
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In an entomological survey, 11 species of
anophelines and 16 species of culicines were
collected from human dwellings and cattlesheds
in eight trap nights. Per trap night density of
mosquitoes in human dwellings and cattlesheds
were 293 and 839.3 respectively (Table 3).
Anopheline mosquitoes were 36.7 per cent of

Table 2. Incidence of malaria among different age groups

Age group {yrs) BSCE e P Py SPR SR P
-5 21 7 3 416 333 700
6-10 48 2 8 625 458 733
i1-15 28 8 10 643 286 444
16-20 37 11 8 514 298 580
>21 X 16 13 309 170 552
Total 28 61 42 46.5 281 604
Table 3. Mosquitoes collected by CDC light-trap in forest-fringed viflages
Mosquitoes species No. collected Total
Human dwellings Cattlesheds

Anopheles aconitus 20 5) 68 (17.0) g8 (11.0)
An. annularis* B 90 106 (26.5) 142 (17.8)
An. barbirostris 36 90 135 (338 177 (214
An. crawfordi £ 205 323 (80.8) 405 (50.6)
An. culicifocies™ 18 (4.5) M (145 7 80
An, jamesi - 11 (28 H 149
An. kochi 26 (65) 9 (298 117 {(146)
- dn. maculatus* 52 (13.0) 175 (438) 27 (284)
An. minimus* 2 (73) 115 (28.8) 144 ({18.0}
An. philippinensis* 68 (17.0) M3 {30.8) 211 (264)
An. vagus 2% (6.5) 46 (115 72 o0
Culex spp 779 (97 200G (522.5) 2869 (3586)
Total 1172 (293 3357 (8393) 4529 {566.1)

*Malaria vectors encountered; Figures in parentheses indicate per trap night collection.
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the total collection with 98.3 and 316.7 per trap
night density in human dwellings and cattlesheds
respectively. Malaria vectors encountered were
Anopheles annularis (142), An. culicifacies
(72), An. maculatus (227, An. minimus (144)
and An. philippinensis (211), which formed 48
per cent of the total anophelines collected. High-
est rollection of malaria vectors was made from
caftlesheds than human dwellings. Similar ob-
servations were also made from other parts of
northeastern region.5!4 An. minimus, being the
major vector of malaria in northeastern region
of India, played the important role in the present
transmission of malaria in this area and formed
18.1 per cent of the total malaria vectors en-
‘countered.

However, the role of An. maculatus and An.
philippinensis, the known vectors of malaria
of this region, > in the transmission of the dis-
ease cannot be ruled out. An. cwlicifacies, which
has recently being incriminated as a malaria vec-
tor from Garubandha area in Sonitpur district of
Assam? has the possibility of playing a support-
ing role in the transmission of the disease. Dis-
section of malaria vectors revealed high parity
rate (73.3 per cent) ranging between 70.1 and
77.6, which gives a strong indication about
their vectorial status inthe transmission of the
disease. 13

Presence of high percentage of parasitic load in
the community and high vector density, make
the population more vulnerable for contacting
malaria, as locals are not in the habit of using
mosquito nets or any other personal protection
measures, Repeated infections and non-clear-
ance of parasites from the blood due to under-

INDJAN J. MALARIOL., VOL. 36, MARCH-JUNE 2002

dosage of antimalarial drugs are the causes of
development of immunity and asymptomatic
carriers in the commmunity. The villagerslack sense
of hygiene and awareness about malaria and to
achieve community compliance in public health
programme, health education is urgently required
in this area. Unlike other parts of the country,
the major malaria vectors are still susceptible to
four per cent DDT in Assam. ' So, use of im-
pregnated bednets, reasonable coverage and
methodical indoor residual spray, coupled with
reduction of parasitic load in the community
through surveillance, timely antimalarial measures
and malaria awareness camps can certainly im-
prove the situation in this area.
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Detection of Two Cases of Plasmodium

malariae in Jharkhand

Sir — Plasmodium malariae causing quartan malaria is global in distribution and ranks third in
incidence among other Plasmodium spp. (P, vivax and P. falciparum). P. malariae hasbeen
well-documented from Indonesia! and West Indies.? It has also been reported from India time-
to-time. For example, three cases of P malariae from Kerala® and one case from Assam* have
been reported. Till date there is no documentation of 7 malariae from Jharkband state in India,
However, in its border state — Orissa P malariae infection exists 1-3 per cent of all malarial
cases.’ This state is endemic for P vivax and P, falciparum for years. This report of P
malariae is the first of its kind from this region. Two cases of P. malariae have been detected
from Daltonganj town of Jharkhand arca (Fig. 1) during August to December 2002,

<4 Dar
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Fig. [ Map showing location of Daltonganj
{(Jharkhand} and border state—~QOrissa

Case No. 1: A 14-year old boy complained of
fever having quartan pattern for the last one and
haif a month. He had no history of travel out-
side the home town and also of blood transfu-
sion. His liver and renal functions were normal.
Spleen was not palpable. Haemoglobin was 10
g/dl. Full blood counts were normal. Periph-
eral blood smear (thin film) showed trophozoi-
tes of P malariae (band form, ring form and
mature schizont having eight merozoites) 1-5
per 100 hpf in normal sized RBCs (under oil
immersion lens).

Case No. 2: A 35- year old female patient pre-
sented with fever off and on for the past one
month. She was not sure of pattern of fever.
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She denied ever travelling outside her home town. There was no history of blood transfusion. Liver
and renal functions were normal. Haemoglobin was 8.5 g/dl. FBCs were normal. Peripheral blood
smear (thin film) showed trophozoites of P malariae (band form, ring form and mature schizont
having eight merozoites) 4 to 10 per 100 hpf in normal sized RBCs (under o1l immerston lens).

Both cases were diagnosed as P. malariae infections which are not known 1o exist in Jharkhand
state till date. Though Jharkhand state, in particular Daltongan; town is known to be the endemic
zone for both vivax and falciparum malaria. During August to December 2002 out of 2748 slides
of fever cases, nine per cent cases were positive for trophozoite of P, falciparum and 9.6 per cent
for P vivax (P.L. Pandey—Personal communication). . malariae can remain asymptomatic for
years. The epidemiological significance of asymptomatic cases of P malariae has been well-
documented during outbreaks. Subclinical infection may be the imported source, from border
state — Orissa, which has led to the development of two cases of /2 malariae in Daltonganj. In
subclinical or asymptomatic cases, levels of parasitaemia are not high enough to be detected in
peripheral blood smear. Antibody detection by immunofluoroscence method screens those cases.
P malariae causes splenomegaly and nephrotic syndrome as long-term complications.
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A Note from the Editor: P. malarige infection was very common in ali hyper endemic areas, viz. N.E. region,
U.P. Terai, Vatkanad area of Karnataka, Wynad area of Kerala and Ranchi plateau (Jharkhand). However, the
infection largely disappeared during DDT era, as the exirinsic incubation period in the vector is much longer
(15-20 days) than other two species and long-lived population could not survive due to DDT spray. Extensive
deforestation further eroded/eliminated the ecological niches suitable for transmission of P mafariae. Therefore,
P malarige infection has become scarer in the country. However, this study presents twe indigenous cases
representing the few lingering ecological niches where P. malariae has a chance for transmission,
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