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INFECTION OF ANOPHELES DARLING/! FED ON PATIENTS INFECTED WITH
PLASMODIUM VIVAX BEFORE AND DURING TREATMENT WITH
CHLOROQUINE PLUS PRIMAQUINE IN COSTA MARQUES,
RONDONIA, BRAZIL
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Five patients with asexual and sexual parasites of Plasmodium vivax were treated orally with
600 mg chloroquine diphosphate (hour 0) followed with 300 mg at 8, 24 and 48 h later.
Primaquine phosphate, 15 mg, was administered concurrently at h O and at 24 h intervals for
14 days. Anopheles darlingi were fed before the first dose (h -0.5) and 0.5, 1, 2, 4, 6, 8, 10,
12, 16, 20, 24, 36, 48, 60 and 72 h later. Mosquitoes were examined for oocysts on day 8 and
Jor sporozoites on day 15 after infection. Four of the five patients studied were still infective
o mosquitoes from 1-5 h after the first dose of chloroquine plus primaquine. One of these and
one olher patient, who vomited 15 min after the first dose, became inffective again at hours 10
and 12, respectively. Once produced, oocysts in mosquitoes fed on patients before, during and
after chloroquine plus primaquine treatment appeared normal and produced sporozoite infected
salivary glands. In view of these data, it is concluded that primaquine demonstrated rapid
gametocytocidal activity and should be administered concurrently with chloroguine to reduce
vivax malaria transmission.
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The principal aims of chemotherapy of
vivax malaria are the elimination of clinical
symptoms and of asexual blood and exoeryth-
rocytic stage parasites. An additional goal is
the reduction of malaria transmission by elimi-
nation of infective gametocytes. Chloroquine
1s 4 4-aminoquinoline which suppresses thc
maturation of young gamectocytes by interfer-
ing with haemoglobin digestion (Wernsdorfer,
1980; Desjardins et al.,, 1988). Chloroquine,
the drug of choice for treating Plasmodium
vivax erythrocytic stages, fails to rapidly elimi-
nate the infective gametocytes, allowing for a
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continuation of malaria transmission from pa-
tient to mosquito hosts (Jeffery, 1958; Klein et
al., 1991a). For example, after treatment with
chloroquine alone, patients with circulating P,
vivax gametocytes infrequently infected mos-
quitoes 2-6 h after treatment. However, these
same patients became more infective after 6 h
and continued to infect mosquutoes for 24+ h
following treatment (Klein et al., 1991a).

Primaquine 1s a 8-amunoquinoline which
likely interferes with the mitochondrial elec-
tron transport chain or the metabolites may act
as competitive inhibitors of specific enzymes
(Wermnsdorfer, 1980; Desjardins et al., 1988).
Primaquine, a gametocytocidal drug, is admin-
1stered for the exoerythrocytic stage. It is ei-
ther given concurrently with chloroquine or
administered at 72 h, after initial treatment
with chloroquine because of its contra-
indications 1n G6PD deficiency patients and
gastrointestinal side effects.

The objective of the present study was to
determine the effect of chloroquine diphos-
phate plus primaquine phosphate on the dura-
tion of infectivity of circulating P. vivax ga-
metocytes to An. darlingi, the principal ma-
laria vector in Brazil (Klein & Lima, 1990;
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Klein et al., 1991b; Lourengo-de-Oliveira et
al., 1989),

MATERIALS AND METHODS

Study site — The study was conducted at
the malana clinic in Costa Marques, a small
frontier town situated on the Guapore River
which represents the border between Brazil and
Bolivia. Both P. falciparum and P. vivax are
endemic. The prevalence of malaria (1984
through 1986) ranged from 8-9% in residents
of the town and 14-26% in pioneers living
along primary and secondary roads (McGreevy
et al., 1989).

Volunteers — Thick and thin blood films
from patients with signs and symptons of
malaria seen between 1987-1990 were stained
with Giemsa stain and examined for Plasmo-
dium parasites (1,000X). Males that were > 21
years old and had a single infection of P. vivax
with circulating asexual and sexual parasites
were considered for study under a human use
protocol. These patients were given a medical
examination by a physician and excluded if
they had complications (anemia, vomiting and
high fever). The remaining patients were ad-
mitted to the study with informed consent.

Trearment — Five patients were treated orally
with 600 mg chloroquine diphosphate (manu-
factured by Brazilian pharmaceutical compa-
nies for the Central de Medicamentos for dis-
tritbutton by the Superintendency of Public
Health Campaigns — SUCAM) (0 h) followed
with 300 mg at 8, 24 and 48 h. Patients were
treated concurrently with 15 mg primaquine
phosphate every 24 h, beginning at 0 h, for 14
days to eliminate exoerythrocytic parasites. All
patients responded to chloroquine treatment and
asexual parasites were not present beyond the
third day of treatment.

Mosquito rearing — Anopheline mosquitoes
were collected from human-bait near the town
of Costa Marques (Klein & Lima, 1990). Mos-
quitoes were provided bloodmeals on human
volunteers on mefloquine prophylaxis, identi-
fied to species according to Faran & Linthicum
(1981) and Lane (1953), and reared as de-
scribed by Klein et al. (1990). The insectary
was maintained at 26 £ 2°C and 65 £ 20%
RH. The light cycle, a combination of natural
and fluorescent lighting, was maintained at 12
+ 2 h daylight,
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Mosquito feeds — Twenty five to 50, labo-
ratory reared, 3-6 day old, F, An. darlingi mos-
quitoes were placed in screen topped 215 cm”
(pint) cartons, starved for 4-6 h, and then ex-
posed for 20 min on a vivax malaria patient
with circulating gametocytes. Mosquitoes were
exposed to patients prior to treatment (—0.5 h)
and at 0.5, 1, 2, 4, 6, 8§, 10, 12, 16, 20, 24, 36,
48, 60 and 72 h after the first dose of
chloroquine and primaquine. Unfed and par-
ttally fed mosquitoes were discarded. Engorged
females were provided a 10% sucrose solution
daily and maintained in the insectary for the
duration of the study.

A portion of the mosquitoes (> 10) from
cach of the hourly feeds were dissected for
oocysts on day 8 after feeding. However, all
mosquitoes 1n a group were dissected on day
8 when the total number of surviving mosqui-
toes was < 20 or the frequency of infection
was < 25%. Wet mounts of mosquito midguts
were examined under a compound microscope
(400X) to count the number of oocysts. Mid-
guts with > 200 oocysts were counted as 200
when calculating the mean number of oocysts.
Salivary glands from the surviving mosquitoes
were dissected on day 15 after feeding and
examined by light microscopy (400X) to de-
tect salivary gland sporozoites. The salivary
gland infections were graded as negative, 1-10
sporozoites, 11-100 sporozoites, 101-1,000
sporozoites and > 1,000 sporozoites.

RESULTS

The mean number of oocysts and the mos-
quito infection rate are shown for five patients
treated concurrently with chloroquine plus
primaquine {(Figs 1-5). The mean number of
oocysts per mosquito ranged from 0.1 to 183.0
for groups fed on different patients before treat-
ment. Vivax malaria patient infectivity de-
creased rapidly and, except for one patient who
vomited 15 min after the initial dose (Fig. 1),
patients did not infect mosquitoes beyond 10
h after the first dose of chloroquine plus
primaquine (Table).

Chloroquine plus primaquine, while rap-
1dly decreasing the average number of oocysts,
did not appear to affect the sporogonic devel-
opment of the oocysts. The proportion of oo-
cyst infected mosquitoes with sporozoites were
stmilar whether they fed on the patients before
treatment or during the first day of chloroquine
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Fig. 1: mean number of cocysts (number cocysts/number
mosquitoes dissected) and percent of Anopheles darlingi
infected that fed ona vivax malariapatient(V-158) before
and during treatment with chloroquine diphosphate plus
primaquine. Patient vomited 15 rain after the first dose of
chloroquine plus primaquine.
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Fig. 3: mean number of oocysts (number oocysts/number
mosquitoes dissected) and percent of Anopheles darling:
infected that fed on a vivax malana patient(V-165) before
and during treatment with chloroguine diphosphate plus
primaquine.
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Fig. 2: mean number of oocysts (number oocysts/number
mosquitoes dissected)} and percent of Anopheles darlingi
infected that fed on a vivax malanapatient (V-159) before
and during treatment with chloroquine diphosphate plus
primaquine,

plus primaquine treatment. Indeed, where we

only considered mosquitoes with oocysts on
day 15 after feeding, 76% of those which fed
on patients before treatment had sporozoites in
the salivary glands while 77% of those that
fed during the first 6 h of treatment had sporo-
zoites 1n the salivary glands (Fig. 6).

DISCUSSION AND CONCLUSIONS

Malaria control programs require that the
number of vivax malaria patients with infec-
ttve gametocytes be reduced. Plasmodium vivax
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Fig. 4: mean number of oocysts {(number oocysts/number
mosquitoes dissected) and percent of Anopheles darlingi
infected that fed on a vivax malana patient (V-166) before
and during treatment with chloroquine diphosphate plus
primaquine,

gametocytes mature in about 2 days and can
be detected in the peripheral circulation 4-5
days after the first erythrocytic infection
(Mackerras & Ercole, 1949; Coatney et al.,
1971, Klein et al., 1991b). In Costa Marques,
about 20% of the vivax malaria patients seek-
ing treatment at the malana clinic were re-
ported by SUCAM to have circulating P. vivax
gametocytes (Klein et al., 1991a). This 1s prob-
ably an underestimate since, at SUCAM, there
is no requirement for the microscopists to iden-
tify patients with P. vivax gametocytes and
only a limited number of fields are examined.
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Fig. 5: mean number of cocysts (number oocysts/number
mosquitoes dissected) and percent of Anopheles darlingi
infected that fed on a vivax malaria patient(V-176) before
and during treatment with chloroquine diphosphate plus
primaquine
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Fig. 6: comparison of numbers of sporozoites in Anoph-
eles darlingimosquitoes with oocysts that fed on Plasmo-

dium vivax infected volunteer patients before or during
the first 6 h after treatment with chloroquine plus
primaquine.

Indeed, in Thailand, about 50% of all P. vivax
infected patients (males, > 21 years) seeking
treatment were infective to Anopheles mosqui-
toes (Andre et al., 1982). Laboratory studies
conducted on the susceptibility of Anopheles
in Costa Marques showed that 97% of the P.
vivax infected patients with gametocytes in
thick blood films were infective to An. darlingi
(Klein et al., 1991b). In the population of rural
pioneers living near Costa Marques, the mean
time from the onset of symptoms to arrival at
the malara clinic and diagnosis was 3-4 days.
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TABLE

Changes in mean numbers of cocysts and percent
of mosquitoes fed before (0 h) and during
(0.5 — 72 h) treatment with chloroquine
plus primaquine

Percent reduction

Grand mean Percent with . .
of mosquitoes with

Hour

a

00CYySsts 00Cysts 00Cysts

—0.5 66.1 77.4 0.0

0.5 754 82.3 increase
1 60.3 76.8 0.8
2 188 50.3 35.0
4 27.0 36.1 41.3
6 0.2 7.7 90.1
8 <01 5.5 92.9
10 1.0 2.5 96.8
12 0.8 1.5 98.1
16 0.1 2.9 96.3
20-72 0 0 100.0

q: determined as the sum of the mean number oocysts
from mosquitoes fed on each volunteer/5 (no. volun-
teers) since unequal numbers of mosquitoes were
dissected for different patients.

Many of these patients are probably infective
to mosquitoes one or more nights preceding
diagnosis and treatment. This delay in diagno-
sis, chemotherapy treatment and subsequent
sterilization of P. vivax gametocytes presum-
ably increases the potential for malaria trans-
mission from man to mosquito.

Our results on patient infectivity to mos-
quitoes fed before treatment and 24, 48 and 72
h after the first dose are similar to those of
other researchers and clearly indicate that
chloroquine plus primaquine administered con-
currently reduces the potential for malaria trans-
mission from man to mosquito. Primaquine
exhibits rapid sporontocidal activity against P.
vivax while chloroquine is a slower acting
gametocytocidal drug (Shute & Maryon, 1954;
Young & Burgess, 1957; Wernsdorfer, 1980;
Desjardins et al., 1988). Patients only treated
with chloroquine are able to infect mosquitoes
for up to 36 h (Klein et al., 1991a) or up to 72
h after the first dose (Andre et al., 1982). In
the present study, when patients were treated
with chloroquine and primaquine concurrently,
patient infectivity was reduced to < 10 h, except
for one patient who vomited 15 min after the
first dose. However, in a study conducted in
Thailand, one patient treated with chloroquine
plus primaquine remained infective to mosqui-
toes 24 h after treatment {Andre et al., 1982).
The pertod of patient infectivity after treat-
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ment may be related to the initial patient in-
fectivity since our results indicated that the
patient producing the highest initial oocyst in-
fections (0 h), infected mosquitoes for the long-
est period of time (Fig. 2). Although the com-
bination of the rapid acting gametocytocidal
drug primaquine given concurrently with
chloroquine may reduce vivax malaria trans-
mission by interrupting the man-mosquito cycle,
vivax malaria patients should be protected from
bites of malaria vectors for at least 24 h afler
the initial dose (Shute & Maryon, 1954; Klein
et al.,, 1991a).

New antimalarial drugs are being investi-
gated for their human safety and efficacy to
eliminate asexual parasites. Additionally, the
investigators also should determine the
gametocytocidal and sporontocidal activity of
these new antimalanal drugs which may im-
pact on the epidemiology of malana.
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