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Malaria vectors, the anopheline mosquitoes, are able to transmit malarial parasites of
the genus Plasmodium among humans in tropical regions. Therefore, vector control pro-
grams are undoubtedly important for prevention of this aisease that causes approxi-
mately 2 million deaths around the world each year. Based on this background, we
studied the population dynamics of malaria-infected mosquitoes in southern Thailand
from 1992 to 1993. This is the first report on malaria studies in this area. The results ob-
tained here demonstrate new entomologic findings concerning transmission of these ma-
larial parasites, which will contribute to the public health in malaria endemic areas in

Southeast Asia.

The incidence of malaria in Thailand has been greatly reduced during the past40 years
but is still significant. In 1992, the annual incidence of malaria-related illness in all of
Thailand, was 134.5 per 100,000 population with a mortality rate of 0.45 %6, based on pas-
sive case detection that significantly underestimates the incidence. Malaria cases are pri-
marily restricted to provinces that are covered with scrub and forest, and close to
international borders. Prachaup Khiri Khan Province in peninsular Thailand on the bor-
der with Myanmar, which was chosen as one of our study areas, had the highest annual

rate of malaria incidence in southern Thailand in 1992 (299 cases in 100,000 population).

In 1992 and 1993, we conducted studies on the abundance, parity rates, nocturnal biting
activity, and host preference of anophelines in southern Thailand (Rattanarithikul et al.,
J. Am. Mosg. Cont. Assoc. 12, 52-57, 1996; ibid 12, 75-83, 1996). In these studies, we found

that An. maculatus Theobald, An. minimus Theobald, and An. sawadwongporni
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Rattanarithikul and Green were the most common Anopheles (Cellia) species in these vil-
lages. To evaluate their contribution to malaria transmission in this region, we tested
specimens collected in the previous study for the presence of Plasmodium falciparum
(Welch) and P. vivax (Grassi and Feletti) circumsporozoite (CS) antigens by enzyme-
linked immunosorbent assay (ELISA). Using human-biting and parity data, we also cal-
culated the vectorial capacity which represents an estimate of the ability of vector
mosquitoes to transmit malaria to humans, and the entomologic inoculation rate which

represents the rate, of infected mosquitoes biting humans.

Study areas were five villages of Palao-U, Thasalao, Wangpao, vSalui and Phato in
Prachaup Khiri Khan, Phetchaburi and Chumphon Provinces in southern Thailand. In
general, the environments of the five villages are similar and all are located in valleys in
the forested hills that extend along the Thai-Myanmar border. Palao-U is highly endemic
for malaria, because it is located in close proximity to intact forests and heavy scrub

areas that are suitable sites for An. minimus, An. maculatus, An. sawadwongporni.

Details for mosquito collection and examination have been described previously
(Rattanarithikul et al., 1996). Briefly, mosquitoes were collected from human-baited,
bovid-baited and light.traps monthly in Palao-U or quarterly in other four villages dur-
ing 13 months from October 1992 to October 1993. Anophelines were identified and ap-
proximately 50% of the non-blood fed females were tested for the presence of CS
antigens of Plasmodium vivax and P. falciparum by sandwich ELISAs using monoclonal
antibodies specific for these antigens. The vectorial capacity was calculated as C =
(ha)ap",/-Inp. The inoculation rate, h', was the number of CS antigen-positive mosqui-

toes collected at human-biting per person per day.

Circumsporozoite antigens were found in 28 out of 7,938 mosquito specimens (eight out
of 20 Anopheles species), which were distributed in all villages. Infection rates were sig-
nificantly higher (p<{0.01) in specimens collected from Palao-U (0.7%; 16 of 2,196) and
Thasalao (0.8%; 2 of 244)than in those from Phato (0.3%; 6 of 2,192), Wangpao(0.2%; 2
of 995), and Salui (0.1%; 2 of 2,311), consistent with higher malaria incidence rates in
Palao-U. The proportions of infected specimens collected with human-baited (12 of 28),
bovid-baited (11 of 28) and light traps (5 of 28) were not. significantly different: therefore
we combined data of all the mosquitoes collected by three methods for subsequent analy-
ses. In the village of Palao-U, seasonal comparison of total infected mosquitoes indicated
that most of the infected mosquitoes were caught during the dry season (November-

February) and at the end of the rainy season (March-October).

Plasmodium viva CS antigens were detected in seven specimens and P. falciparum CS

antigens in 21 specimens. The combined rates of P. falciparum and P. vivax infection
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were 1.4% in An. dirus Peyton and Harrison, 1.0% in An. Ayrcanus (Pallus) group, 0.7%
in An. maculatus, 0.7% in An. sawadwongporni, 05% in An. nivipes Theobald, 0.4% in
An. barbirostris Van der Wulp group, 0.3% in An. minimus, and0.2% in An. aconitus
Donitz. Two of these species, An. minimus and An. dirus have been considered the most
important vectors in Thailand, whereas An. maculatus has been an important vector in
Malaysia. On the other hand, five of the species found to contain CS antigens, An.
barbirostris group, An. hyrcanus group, An. aconitus, An. nivipes and An.
sawadwongporni, have been believed to play no rolein the transmission of malaria in
Thailand so far. However, this study revealed a potenial of these species to transmit ma-

larial parasites.

The vectorial capacity of An. minimus was the highest among all species in the rainy
season (1.06) and also in the dry season (3.21). Especially, the value obtained in the dry
season was more than two-fold higher than that obtained with An. maculatus, the species
with the second highest vectorial capacity (1.48). In Palao-U, only An. minimus contrib-
uted to the transmission of P. vivax. In addition, An. minimus was the predominant vec-
tor of P. falciparum, particularly during the dry season. The inoculation rate of An.
minimus was the highest (0.26), and those of An. maculatus and An. sawadwongporni
were the next highest (0.13) in the dry season. In the rainy season, only a low inocula-
tion rate (0.05) was observed in An. minimus, An. maculatus and An. dirus. Thus, ma-
laria transmission in the northern peninsular appeared to be caused primarily by An.

minimus, and secondarily by An. maculatus, An. sawadwongporni, and An. dirus.

Surprisingly, the role of An. dirus in malaria transmission in this village in southern
Thailand seems to be only secondary, different from reports in central and southeastern
Thailand. Although the rates of infection with two Plasmodium species and the daily sur-
vival rates were high and comparable with rates reported in these areas the human-biting
rate was very low in our area, thereby reducing the vectorial capacity and the inocula-
tion rate,

In conclusion, we found four new Anopheles species which may serve as malaria vec-
tors in southern Thailand. Anopheles minimus was considered to be the most important
vector, and An. maculatus, An. sawadwongporni and An. dirus, of secondary importance
vectors in this area. This finding will be important for further ecologic studies on
Anopheles mosquitoes as well as Plasmodium parasites, and for the control of the ma-

laria vectors as well as human malaria in Thailand and neighboring countries.
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