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Hyperendemic Malaria in a Thai Village: Dependence of
Year-Round Transmission on Focal and Seasonally
Circumscrilied Mosquito (Diptera: Culicidae) Habitats
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‘nd malaria in a village in eastern Thai-

ABSTRACT Inal dinal study of byt

land (from October 19553 to Nosember 1957), man-biting anopheline masquitocs uercjool-

lected for 16 man-mghts per month in 22 of 26 mo. Mosq were sep

d, outes, peripheral, more fi d), bating.

to collection: sites (1nnes, central, more popul

period, and parity, and then they were tested for sporozoite antigen using an enzyme-linked
immunosorbent assay (ELISA). Abundance of Anopheles dirus Peyton & Harréson was greater
(Oct

i
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1n outer than inner villag -, with bimodal peaks in the p
and early rainy (Apnl or May) seasons. Parity rates at both sites were lugh in postmonsoon
seasons (£ about 67%), low in cool dry (December-January, <56%) and monsoon (June—
September, <60%) seasons, and variable 1n other seasons. Of 1,561 An dirus collected, 16
(09%) were positne for Plasmodium falciparum (PF) and nine (04%) for P. vivaz (PV).
whereas of 586 An. minimus, one (0.3%) and three (0.8%) were PF- and PV-poative,

pectively. Ei ! 1 inocuiation rates (EIR) were higher in outer (2 PF = 091, PV
& 034) than inner village sites (2 = 001 for PF and PV). The EiR of PF appeared bimodal,
high in postmonsoon (October-November) and eatly rainy (Apnl or May) seasons, low in

November)
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monsoon seasons, and variable in other seasons. The vectorial capacity of An. dirus was
higher than that of An. minimus, indicating that the two species were primary and sccondag
F? 1. 1,

vectors, respectively. Human malaria p

data indicated that

greatly on the higher ycar-round vector abundance in outer than i 1nner willage sites.
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Anopheles dirus Peyton & Harrison 15 the most
waportant malara vector 1n several provinces
castern Thailand along its border with
Cambodia (Wilkinson et al. 1978, Rosenberg; et al.
1990), although other vector species also occur there
(Prastusul 1983). Onginally considered a species
of heavily forested mountatnous regions, An. dirus
has adapted to peripheral areas where natural for-
ests were replaced with orchards, tea, coffec, and
rubber plantations (Rosenberg et al. 1990). In
Chantabur Province, castern Thailand, Rosenberg
et al. (1990) conducted a study from 1983 to 1985
in Ban Phluang, a village where maloria was hy-
perendemic, desenibing in detail the epidemiology
of malaria transmission. Only An. dirus was in-
ori ted: 76% of infected Ui o od
Plasmodium falciparum Welch (PF) sporozoites,
the remainder being infected with P. vivax Grassy
& Feletti (PV). Transmission was focal even mn the

central, most populated area of the village, and
afflicted villagers were largely asymptomatic. In
the dry scason, An. dirus larvae were found once
in a deep, man-made well (Rotenberg et al 1990)

We studied the same village from October 1983
to November 1987. Our objectives were to deter-
mine possible ehanges in malara dy-
narics, with emphases on malara vector incrim-
wation, focality of transmussion, malaria
prevalence-incidence, vector infection indices,
seasonal and dwrnal abundance, and An dirus
larval breeding habitats

Matcrials and Mcthods

Study Sites. Details of the location, demography,
duellings, terran, vegetatwe composition, and
cconomy of the village, Ban Phluang, were de-
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scribed previously (Rosenberg ct al 1990). Four

quto collectien sites were designated sites A
and B were the onginal wmer {central, more pop-
ulated) village collection sites of Rosenberg et al.
(1990), site C was about 900 m distal of site A at
a house surrounded by frust orchards and about
400 1 from the base of a Ill containing mostly
mature rubber trees, site D was about 900 m distal

91 7 05

i
I
|

f

I




e st

November 1990

of site C,at a house surrounded by orchards and
about 600 m from the base of a densely forested
mountain, Pcnphcml {nuter village) sites Cand D
were more forested and less populated. The area
between site D and the basz of the mountain was
interlaced with d di The 51 houses
in the study area were located mostly around sites
A and B, with only nine houses located near sites
C and D combined. All houses were sprayed by
the Malaria Control Sector Office with DDT (2 gf
m?) twice per year {April and August), with an
extra spraying in Decembe: 1956.

Weather Data. Dall) minimum and maximum
t t and fall were ded during
the study by ad ted - illage resident. Rainfall
data came from the prcvince weather station in
Chantaburi, about 40 Lr1 distant.

Human Malariometry. Thin and thick smears
of villagers (n = 230, £ = 192) were made bi-
monthly tiom October 1985 to June 1986 and
monthly from July to September 1986 (first year).
Thereafter, until November 1987, smears were
made monthly (second year). Shdes were Giemsa-
stamned, examined for malaria species, and quan-
tified for trophozoite and gametocyte density per
500 leucocytes counted m the thick smear under
an oil immersion lens (1,000x).
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man-haited colles tions were not scheduled. Col-
lections were made betw een 1500 and 0450 hours.
Collectors worked 50 min/h until 2350 hours and
were replaced at 0010 hours by a second shift of
workers who collected in the same manner until
0430 hours. Details of collection and handling
methods for captured mosquitoes are given else-
where (Rosenberg et al. 1990).

Larval mosquito suneys were conducted during
the same collection periods, During the first 8 mo,
potential breeding sites of An. dirus were sampled
to determiné larval habitats. Decp wells were sam-
pled with a bucket on a rope or with a plankton
net. Other habitats were sampled with sk allow en-
ame] pans or long-handled dippers. Thereafter,
samples were taken during each monthly suney
at types of habitats (unless dry) that previously had
yielded An. dirus larvae,

Examination of Adult Mosquitocs. The moming
after a biting collection, anopheline species were
identified, and the ovanar tracheoles were exam-
ined for parity (Detinova 1962). During the first
15 mo of the study, the head and thorax (HT) of
each specimen were bisected from the abdomen
(AB). Specimens were placed in separate 1.5-ml
centrfuge tubes contaming 50 or 100 ul of blocking
buffer and frozen at ~70°C on dry ice for future

Treatment for malana-positive was

CS) detection by ELISA

provided by the Malaria Sector Office (Makham
Distnict) according to guidelines established by the
Malaria Division, Ministry of Public Health. Adult
cases of P. falciparum detected by the Malaria
Division were given a smgle dose of three tablets
ing 750 mg q 1.5 mg sulfad
and 75 mg pynmethamine, Cases of P. civax were
guen 15 g chloroquine base for 3 d and 15 mg
primaquine for 14 d. Cluldren received a propor-
tionately smaller dose according to an age scale
provided by the Thai Ministry of Public Health.
Prevalence was determined monlhly, counting
only villagers who provided 27 smears (first year)
or =8 smears (second year). New cases (incidence)
were Citimated monlhly by dividing the number

of gers with es (or density
>99 per 500 lcukocy tes) by lhe lolal who provided
smears. S 1 1 ] were

obtained by dmdmg the lolal of PF (or PV) pos-
itive villagers or new PF (or PV) cases, resg

[(
(\\’mz et al, 1987) Durmg lhe Jast 11 mo of the
study, midguts were d d and stained for oo-
cysts, and salivary glands (SG) were bisected with
fine dissection needles, one gland for microscopic
examination of sporozoites and the other gland for
testing by ELISA. Nulliparous mosquitoes were not
dissected but were bisected to cbtain HT and AB
for ELISA as in the first 15 mo of the study After
dissections in May-July 1987, bodies of 177 mos-
quitoes were tested with an An. dirus species

D-specific DNA probe to determine the proportion
of An. dirus species D 1n the total An. dirus col-
lections (Panyim et al. 1988),

ELISA Methods. The ELISA methods were these
of Wirtz ct al. (1987), with minor modifications.
Thawed specimens were diluted to 350- ¢ 400}
volunes of blocking buffer just prior to  « alysis.
Negative oonlrols COI\S]S[C(‘ of Iabomlory re.u «d An
dnms, A Th

Theobald, and Anophel plxila Inensis

per season by the total who provided smears in the
scason,

Ay 2 Coll : lI ] bevel it,
collections were made concurrently by two p:urs
of collectors at two sites per night for four consec~
utive mghts each month (total, 4 man-nights per
site) duning the full moon. During the first year,
collections at sites A and B were alternated nightly
with those at sites C and D, whereas during the
second year, collections at sites A and D were al-
ternated wath those at sites B and C Collectors sat
outdoors n chairs within 10 m of collection site
houses. Occasional dry 1ce-barted ultraviolet ight
trap collections were made at the same sites when

Ludlow. Three aliquots of each of the fow species
(total, 12 wells) were tested in each plate Ouan.
titative positive controls consisted of hemary ne-
ter-counted SG sporozoites (Nonidet P-40-tr, ated)
and recombmart PF protemn (Young et al 1985)
or synthetic PV pcphdc {Arnot ot al 1983, Me-
Cutchan et al. 1985) standardized against ted
PF or PV sporozoites (from dire.t feeding of An
dirus on gametocytemic Thai patients [per Wil-
Linson et al. 1972)). Absorbance values (414 nm)
were recorded 60 min after the addition of sub-
strate using an ELISA microtiter plate reader (T
tertek MCC, Flow Laboratores, McLean, Va ) cou-
pled toan IBM-PC-XT computer used to store data
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Mosquito triturates with absorbance values
greater than the mean plus three SD of the 12
negative controls were rc!csled Serial 2-fold di-
lutions of CS antigen or ites were
used as quanutalne positive controls in confirm-
atory tests. Mosquitoes were called CS antiges=-pos-
itive 1f absosb: values ded the mean plus
three SD of 12 negative control mosquitoes (Gold-
berg 1960) and exceeded the minimum detectable
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11, “h r-
ous by biting penod were analyzed b} ANOVA
after arc sine transformation. The EIR and VC
were compared using the cor coefficient (1)
or Spearman correl (Sr). Duff in ma-
laria prevalence were determined using Pearson’s
x* and comparisons with incid lized r (Sta-
tistix, NH Analytical Software, Roseville, Minn.).

posxlncwntmlsporozmle valucs(usuzll) 6-12 spo- Results
ites/50 ul). Sp per pos;ln'e esu
mosquito HTorSG bascdon 1 CS antig Weather. S I temp fluct in
were calculated from app dard curves  Chantaburi Pm\ince were moderate. Howerver,
{per Wirtzet al. 1957) after o ion for diluti bi: il and patterns
{Collins ct al. 1954). sielded dxstmcl scasons defined as follows: post-
Vector Data, Caleulations, and Analyses. Spe- , cool dry, hot dry, carly rainy, and mon-

cies, collection site, parity, biting period, and the
presence-absence of CS antigen were determined
for each specimen. From these d:na. lhe sporozol ite
antigen-posilive rates,

rates (z-:m) and vectorial capaclly (VC) were cal-
culated for each season. Entomological moculalxon
sates were defined as the b

soon saxsons (Fig I).

M Collections. The most abundant spe-
cies c:lughl were An, dirus and An. minimus (Ta-
ble 1). Using species-specific DNA prob=s on 177
An. dirus s1., 175 mosquitoes (99%) were An. dirus
ss and two (1%) were An. dirus species D (S

Panyim, unpublished data). This composition cor-

o
antigen-positive An. dirus or An. mi s divided
by the number of man-nights of collection at the
site. Vectorial capacity was C = (ma)ap~/ ~In p,
where ma is the average daily man-biting rate, a
is the daily man-biting habit, p is the daily survival
rate estimated from the panty rate, and n is the
length of sporogonic cycle (Macdonald 1952). For
our purposes, ma was the mean of bites per man
per night, a was assumed to be 0333, and n for
PF and PV was assumed to be 12 d for PV and PF
(Roscnberg et al 1990), based on a laboratory de-

ture of 26°C L no field
cstimates were available Daily survival (p) was

ponded closely with our morphological 1denti-
fication of An. dirus ss. (based on Peyton & Har-
rison[1979]). Other anophcline species and numbers
collected are listed in Table 1.

Site D yielded the Jargest number of adult an-
ophelmes (1,228), follow ed by sites C (988), A (367),
and B (364). An. dirus constituted 85, 54, 40, and
36% of all anophehnes collected at these sites, re-
spectively, An. minimus were caught m imverse
proportion to An. dirus collected at each site (1 e.,
4, 14, 31, and 36% of collections at sites D, C, A,
and B, rcspccuvel)) The grand means of An, diras

calculated from the panty rate (pr) according to
p = pr'  (Davidson 1954), where x isa gonoltoplnc
duration of 3 d.

Estimates of a for An. dirus range from 025
(Ismail et al 1975) to 033 (Rosenberg et al. 1990).
Its feeding preference for primates is well docu-
mented (Wharton et al 1961) Estimates of a for
An, minimus range from 0385 (Ismail et al, 1975)
to 050 (Ratanatham et al. 1988). An. minimus
prefers cattle to man, given a choice (Ratanatham
et al 1988). However, the only large mammals
aside from humans in the village were dogs, not
documented as preferred hosts.

Peak biting periods were determined by com-
paring mosquitoes collected in each of four biting
intervals (1500-2100, 21012400, 0001-0300, and
0301-0300 hours). Vector abundance by sites (ei-
ther two or four sites), seasons (either five or 11),
and biting periods (four) and proportions of parous
mosquitoes were analyzed by analysis of variance
(ANOVA) and least significant difference (LSD
rejection level of 0035 unless otherwise specif

panly rates mngcd from 61% (site D) to 70% (site
B). Simlarly, the grand means of An. minimus
parity rates ranged from 44% (site D) to 64% (site
B). Thc grand means of panly rates for other
Tine spectes combined ranged from 33% (site
A) 10 53% (site B). The mean abuud:mcc (butes per
man per night) of An. dirus was higher at site D
(SQRT 2 =3 2) than at other sites in the 11 seasons
of collection (F = 63, dl = 3, 30, P = 0002, LSD
= 0.7), whereas sites A and B (SQRT £ = 1.2 and
1.1, respectively) were clearly ssmilar. The mean
abundance at site C (SQRT £ = 2.3) did not differ
from site D when a rejection level of 001 (LSD =
0.9) was used for comparison, indicating their sim-
ilarity. These findings corresponded to proximty
of sites and terramn similanties. For most purposes,
therefore, data were combined for sites A and B
and for sites C and D to facthitate analyses (here-
maftc)r designated sites AB and sites CD, respecs
tivel Y,
Seasonal and Diurnal Biting Patterns of Vector
ies. Monthly to coll for sites AB
and CD, 1 across five scasons (Fig. 1), -

after caleulating mosquito bites per man per mgh!.
transformed to their square roots (SQRT) Overall
site and seasonal mosquito parity diffcrences were
analyzed by Pearson’s x* on counts of parous and

dicated that abundance of An. dirus and An. miz-
imus was bimodal, with a primary peak 1 the
postmonsoon season and a secondary peak m the
early rainy (An. dirus) and cool dry (An. mintmus)
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Fig. 1. Total monthly rainfall (mm) in Chantabun Province and mean h {C}
in Ban Phluang, 1985 to 1987, Bar gmphs show rainfall, Iine graphs display temperatures. Postmonsoon {Post). cool
dry (Cool), hol dry (Hot), early rainy (Rain), and monsoon seasons are indicated on the abscissa.

seasons (Table 2). The mean abundance of An.
dirus was greater at sites CD and AB (2 £ 2SE =
90 + 62 versus 15 + 08/man per mght, P <
0 03). Comparing abundance of An. dirus among
sites, seasons, and biting periods indicated greatest
abundance i postmonsoon and early rainy seasons
{SQRT 2 = 8.4 and 2.2/man per penod, respec-
tively ), other scasons were significantly lower, es-
pecially the hot dry seasons (SQRT 2 = 1.}/man
per peniod, F = 224; df = 4, 31, P < 000L;, LSD
= 06). Similarly, abundance of An. dirus was
greatest from 2100 to 2400 hours (SQRT % = 2.4/
man per pcnod) and least from 0300 to 0309 hours
{SQRT 2 = 1.4/man per peniod), with other periods
similar to one or the other of the extreme periods
(F = 6.4; df = 3, 31; P =0 002; LSD = 0 5). Biting

2100 to 2100 hours (£ = 039) and least from 0300
to 0500 hours (£ = 0.07), whereas penods 1800~
2100 hours (£ = 0.26) and 2100-0300 hours (2 =
027) were sumilar to the peak penod (F = 7.3, df
=3, 31, P < 0001, LSD = 015} (Fig. 2). Panty
rates of An dirus generally icreased m consecu-
tive biting periods up to 0300 hours in most seasons
(not sigmficant) but varied after 0300 hours How-
ever, 1 penods of low abundance (1e., hot dry
seasons at sites AB), panty rates in consecutive pe-
riods fluctuated.

Table 1. Anopheles species, number collected, and
percentage of total collected from October 1985 to No-
vember 1987

activity occurred earlicr in cool dry with
35~10% of An. dirus caught before 2100 hours,
about druble the percentage biting in this period
in other scasons (14-19%) (Fig. 2).

Overall proportions of parous An. dirus at sites
AB and CD did not differ (Pearson’s x’ P = 0.15).
However, proportions of parous q s in post~

monsoon seasons were high and similar among sites,
but were fow in cool dry and monsoon seasons
(Table 2). Sumilarly, although overall proportions
of parous An. dirus collected did not differ across
five seasons, they were higher at sites CD than at
AB 10 carly ramy seasons (x? = 143; P < 0001),
whereas the reverse was true 1n hot dry scasons {x*
=66, P < 001) According to biting peniod, pro-
portions of parous mosquitoes caught {aresine-
transformed and normalized) were greatest from

Anopheles Speciest No. %

aconfius Domtz 41 13
barharostris Reid group 102 338
campestris Reid 88 28
dirus Peyton & Harrnison 1,861 60.0
hyrcanus Reid group 57 28
karwari (James) 96 31
maculatus Theobald 52 17

4 Theobuld 336 125
nigerrimus Giles 49 16
nitpes (Theobald) 29 09
nitidus Harnson, Scanlon & Reid 3 23
pediteeniatus (Leicester) 57 31
sawedwongpornt Rattananthikul & Green 22 07
tesselatus Theobald 80 26

# Species with <11 q each Anophels laris Van
der Wulp, 4n {Suell bel), An fordi Reid,

An, kocht Donitz, An ph(l{pp(nmm Ludlow, An pursatf Lave-
ran, An sinensis Wiedemann, An varuna Iyengar, An.umbrosus
(Theobald), and An. whartoni Reid,
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A. An. minimus
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B. An. dirus
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s
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O
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Fig 2. Biting actiaty and prog of parous 1 at nner village sites (AB) and outer willage sites

(CD) summed by season (sec. Fig 1). Biing activaty Is the p

go of total toes caught (unshaded areas)

i periods 4 11800~2100 bours), 2 (2101~2400 houts), 3 (0001-0300 hours), and 4 (0301-0500 hours) Proportions
of parous mosquitees in each period are shown as shaded areas. (A) An, minimus, (B) an. dirus

Mean al of An, was similar

among sites AB and CD (SQRT # = 1.2 and 1.1/
man per night, respectively, P = 0 69). Mean abun-
dance of An, minimus was greatest in postmonsoon
and least 1n monsoon seasons (SQRT 2 = 1.4 and
0 5,/man per penied, respectively), but in other sea-
sons 1t was ssmilar to one or the other of the extreme
scasons (FF = 85; df = 4, 31; P < 000}; LSD =
033). Mean abundance of An. minimus was lugh-
est from 1800 to 2100 hours (SQRT 2 = 13,/man
per period} and least from 0300 to 0500 hours
(SQRT £ = 07/man per period), whereas from
2100 to 2400 and 2400 to 0300 bours, it approxi-
mated the first or last periods, respectively (F =
8.1, df = 3, 81, P < 0001, LSD = 0 15). Overall,
parity rates of An minimus did not differ by sites
or seasons, Proportions of the total of parous mos-
quitoes caught {arc sine transformed and normal-
ized) decreased in consecutive periods from 1800

to 2100 hours (£ = 0 37), 2100 to 2400 hours (Z =
027), and 2400 to 0300 hours (& = 0.24), with the
proportion from 0300 to 0500 hours (£ = 0.12)
significantly lower than the first peniod (F = 39,
d§;= 8, 31, P = 0.02, LSD = 0.16) (Fig 2). Panty
rates generally increased 1 consecutive pennods up
to 2400 hours (not sigmficant), but vaned after
2400 hours.

Anopheles pedit, ( ter} were caught
primarily in late monsoon and postmonsoon sea-
sons, usually before 2400 hours. Abundance and
panty rates of An, peditaeniatus did not differ
among sites, but parity rates generally mcreased in
consecutive biting periods.

ELISA-Posilive Mosquitoes. A total of 29 CS
antigen-postive mosquitoes was collected Of these,
18 of 1,120 (1 2%) An. dirus and 2 of 176 (1.1%)
An, minimus collected from Octoby r 1985 to De-
cember 1986 were HT-positive. From January to
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Table 3. Sporozoite equivelent values of P. falciparum and P. tivax ci p ite antigen-positi quil

in bi d heads-th ord d salivary glands
Tt Plasmodium feleiparum® Plasmodium civaz*

. species HT n sG n HT n SG
dirus 7 1,281 9 1272 6 365 3 231
(245-3.941) (168-5,775) (12-1.316) (350-11,200)
minimus 1 210 1 168 2 63 e —_—
(42-84)
peditaeniatus 1 5,600 — .- - - —_ -

Values are as geometric means (range).
* HT, bisected beads-thoraces, SG, dissected salivary glands.

November 1987, SG-positive mosquitoes included
10 of 768 (1.3%) An dirus, 1 of 212 (05%) An.
mimmus, and 1 of 53 (L9%) An peditaeniatus.
One each of An. dirus and An. minimus also were
HT-positive 1n 1987, but they were not dissected
because they appeared nulliparous. Of 10 An. dirus
which were ELISA SG-positive 1n 1987, sporozeites

P. falciparum EIR usually far exceeded PV EIR,
except in hot dry and monsoon seasons, when few
positive mosquitoes were collected The EIR for
PF at sites CD far exceeded those at sites AB, except
for hot, dry seasons (sites AB shghtly higher) and
monsoon seasons (both zero). The EIR for PV at
sites CD also exceeded those at sites AB i post-

were scen 1n only four s P were
not seen in the An. minimus and An. peditaeniatus
that were SG-dissected and postive by ELISA.
However, an An. minimus from a light trap col-
Tection was PF-positive by ELISA and exinbited
sporozoites A man-biting An. barbirostris exhib-
ited sporozoites in SG but was ELISA-negative,

No duff €5 10 S| ite equivalent values of
PF and PV in SG of positive An. dirus were seen,
An dirus appeared to have higher sporozoite
equivalent values for PF and PV than An. mini-
mus These values also appeared higber for PF than
PVin HT of An. dirus and An, minimus. However,
high variability among spectmens precluded sta-
tistical corroboration of these apparent differences
(Table 3).

The proportion of CS antigen-positive mosqui-
toes in vector species differed by site and season
(Table 2). An. dirus constituted 83% of the 29 pos-
ttive mosquitoes (89 and 70% of PF- and PV-pos-
1tive mosquitoes, respectively), Positive mosquitoes
were nost abundant during post seasons
(14 of 29, 48%). Thereafter, the number of ELISA-
posiive mosquitoes dechined until eatly rainy sea-
sons, when a secondary peak of six positive mos-
quitoes (four PF-positive) was detected. Only one
positive mosquito was caught during two mensoon
seasons (Fig 3). Seasonal distribution of PF- and
PV-posiive mosquitoes was similar, with 68 and
55% of PF- and PV-positive mosquitoes, respec-
tively, caught in postmonsoon or cool dry seasons
Sites CD yielded 83% of all positive mosquitoes,
including 88 and 89% of postive An. dirus and
PF-positive mosquitoes, respectively. Mosquito
positivity rates were inversely proportional to mus
quito abundance in all but monsoon seasons (Table
2) Most positive mosquitoes (21 of 29, 72%) were
caught before 2400 hours, whereas only two (7%)
were caught after 0300 hours,

The EIR and VC of An, dirus and An. minimus
also were compared by site and season (Table 2)

and cool dry seasons but were otherwise
equal or nearly so (monsoon seasons). High EIR for
PF and PV were found in the same seasons, 1€,
postmonsoon, cool dry, and early rainy seasons

The VC of An. dirus and An. minimus across
five seasons were correlated highly wath each other
(r = 099), but VC for An. dirus at sites CD always
exceeded that at sites AB, whereas VC of An min-
tmus varied among sites (Table 2). Across 11 sea-
sons of An. dirus collections, VC at sites AB and
CD correlated poorly with one another (Sr = —0 09).
The EIR at sites AB were usually zero, so corre-
Jation wath VG was not attempted Including only
sites CD, some correlation between VC and EIR
was observed (with PF and PV EIR, Sr =033 and
0.45, respectively). Correlations of VC and EIR
were much higher when both hot dry seasons were
excluded from the 11 seasons of compansons (with
PF and PV EIR, Sr = 053 and 0,67, respectively),
but VC among sites AB and CD still correlated
poorly (Sr = —0.22). Overall correlations between
EIR and VC of An. minimus were not performed
because ats EIRs were usually zero, The VC of An.
minimus was ghest during hot dry seasons at
sites CD, conciding with a high VC for An. dirus
(Table 2).

Human Malariometry. Prevalence of PF at sites
CD exceeded that at sites AB 1n all seasons, with
sigmficant differences (P ~ 005) duning postmon-
soon and cool dry seasons (Fig. 3) The monthly
ncidence of PF was similar at sites AB and CD (r
= 088) and closely paralleled prevalence at sites
ABand CD (r = 0.73 and 0 83, respectively) Peak
PF incidence occurred m cool dry and hot dry
seasons, lagging 4-8 wk behind relative abundance
ol PF-positive mosquntoes in postmonsoon and cool

"1y seasons. The 1 of PF also 1in
« ' ramy seasons at sites CD, conciding with a
secondary peak of PF-positive mosquitoes. Prev-
alence of PV at sites AB and CD was sumlar but
peaked duning the monsoon seasons when PF prev-
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Fig. 3. Prevalence and inaidence of P. falciparum (PF) and P. vivax (PV) by season {see Fig 1) atanner village
(sites AB) and outer village (sites CD) from 1985 to 1987, The number of An, dirus and An. mintmus positve for
. PF or PV sporozoite antigen also are shown by season and sites,

alence was lowest. Over five seasons, mean PV and
PF prevalence were correlated negatively (at AB,
r= =093, at CD, r = ~088). Incidence of PV
was low throughout the study, with only shght el
evations in dry and monsoon seasons.
Larval Mosquito Coll Anopheles dirus
larvae were found fir<c in October 1985 in a tire
rut ear site A but were not found again for 8 mo
i its larval habitats still were unr ized.
Erom July 1986, An. dirus larvae were found reg-
. ularly in sumlar habitats, with the first An., dirus
larval collections of each monsoon season taken
from wsolated stream pools or tire ruts near site D
R (Table 4). Thereafter, larval collections of An. dirus
increased 1n consecutive moaths through each Oc-
tober, when they were taken at all sites (Table 4)
By November or December, ground pools were
few, and An. dirus larvae were found only 1n 1s0-
lated stream pools isite D) and a large water storage
vessel (site C). The only An. dirus larvae found 1n
the hot dry season {Apnl 1987) were from two
large, shaded stream pools 1solated i a dry stream
bed near site D (Table 4). No systematic search

was conducted for An. i because its hab-
1tats (moderately shaded stream margms, often 1n
leaf htter) are well hnown (Reid 1968). However,
larval An, minimus were collected at all sites, and
its habutats were widely available w all but mon-
$Soon seasons,

Discussion

Anopheles dirus was the prmary vector species
in Ban Phluang, comprising 83% of ELISA-positive
mosquitoes. High PF EIR appeared most depen-
dent on the elevated abundance of An. dirus in
the postmonsoon seasons o1 high infection rates in
the cool, dry seasons Thus finding agreed with those
of Rosenberg et al. (1990), who alse found infected
An, dirus mostly in postmonsoon and dry seasons
However, our detection of a secondary peak of
positive An. dirus in early rainy seasons (seasons
of elevated adult and larval mosquito abundance
1 the outer village) indicated an additional period
of elevated malaria transmussion An minimus, with
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Monthly collections of A. dirus larvae according to site and type of habitat from 1985 10 1987«

Grndpool
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4 larvae present; we, larvae absent or mot found.,
¢ Gmdpool, ground pool, Artcont, artifical containers, Strrpool, stream pool.

*sable 4.
Site?
AB
cp
X
b AB. In

three HT-positive (PV) and one $G-positive (PF)
quitoes, was considered to be a dary vec-
tor, as suggested by Rosenberg et al (1990). Ele-
vated abundance and VC of An. nunimus (relative
to An. dirus) in seasons of comparatively high PV
gametocyte prevalence, coupled with its PV/PF
positivity ratio of 3:1, suggested 1ts greater role as
a PV than a PF vector in Ban Phluang High abun-
dance of “An. minimus in dry seasons was hkely
duetol d availability of larval habitats Oth-
P 1 P roe invelindi An,p g, )
exhibited much lower parity rates than An. dirus
or An minimus (possibly because of a longer gon-
otrophic cycle or-shorter longevity), yielding low
VC estimates, The sporozoite-positive, ELISA-neg-
ative specimen of An. barbirostris may have been
due to a CS protein variant not detected by our
monoclonal antibodies, a possibility shown by Ro-
senberg et al. (1989).
Risk of receiving a pot ly q
bite varied with site and scason as indicated by the
EIR. Highest sk occurred at sites CI in post-
monsoon and early rainy seasons. However, highest
mosquito positivity rates occurred in hot dry sea~
sons when mosquito abundance was low, also a
findhng of Rosenberg et al {1990). Positive mos-
quitoes were fewer in cool dry and hot dry seasons,
but the EIR still indicated a substantial risk of
infection. Lowest xisk and low est mosquito positiv-
1ty rates oceurred consistently during seas
50!

solly infeoted Y

ns.
Plasmodium falciparum- and PV-positive mos-
quitoes were detected concurrently, except for one
monsoon season (1987), However, PF-positive mos+
quitoes usually dominated, comprising 635 of pos-
itive mosquitoes, somewhat less than *he 76% PF-
positive mosquitoes reported by Rosenberg et al
(1990). P. faleiparum-positi uitoes domi-
nated in postmonsoon and early rainy seasons, when
they constituted 74% of positive mosquitoes.

Seasonal differences in mosquito panty rates
should affect positivity rates and VC because high
parity rates indrcate increased longevity (Davidson
1954). In postmonsoon seasons, high (and nearly
equal) parity rates of An. dirus and An, minimus,
coupled with elevated abundance, would explain
high vectonal capacities. In cool dry , par=
ity rates were so low at sites CD (45%) that few
positive mosquitoes were expected, However five
positive mosquitoes were found, including a nul
hparous An, dirus with both PF and PV antigen.
Although gonotrophic dissociation or discordance
cannot be excluded, miscoding of the speci
appears more probable. In any case, the unusual
combination of relatively high EIR and low VC
suggests that parity rates in the cool dry season
(and hence VC) may have been reduced artificially
by the increased recruitment of nulliparous fe-
males, The significantly higher parity rate of An.
dirus at sites CD than at sites AB m hot dry seasons
was unexplaned because exhaustive surveys yield-
ed Jaxrvae only at site. CD.
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Good correlation of VC with the EIR only when
hot dry were excluded from calculation:
was attributed to highly variable parity rates High
proportions of parous An dirus fxom 2100 to 0300
hours suggested that older females feed later than
nulliparous females, except after 0300 hours. In
An. gambiae, this finding was attnbuted to early
evening oviposition by parous females followed by
host-seeking (Molineaux & Grammucia 1980), also
a probable explanation for An. dirus. Early peak
iting activity of An. dirus duning cool dry seasons
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sumilar villages may be most dependent on adap-
tation of An. dirus to steady depletion of forest
hab and more agr 1 practices
observed throughout the region.
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appeared related to low mean temper-
atures (sometimes reaching 12+13°C after 2400
hours), curtailing mosquito activity. Although stud-
ies relating biting behavior to human activity weré
not performed, the fact that most -posttive mos-
quitoes fed before 2400 hours suggets the potential
value of such research.

Seasonal peaks of PF-positive mosquitoes {and
PF EIR) in postmonsoon, cool dry, and early rainy
seasons were related in time to peaks in PF inci
dence and prevalence, especially in the outer vil-
fage. However, abundance of PV-positive mosqui-
toes fand PV EIR) appeared unrelated to PV

rlence and incidence. This event could result
})rom prolonged latency in exoerythrocytic PV ine
fections (Cooper et al. 1947) or mterspecific dom-
inance of PF over PV inconcurrent infections (Boyd
& Kitchen 1937).
Forest foci of An. dirus at sites CD appeared
ptial to sustaimng PF ¢ ission through dry
seasons. Abundance of An. dirus only in outer vils
lage areas (sites CD) in dry seasons was well sup-
ported by adult and larval collection data. Abun-
dance of An dirus only in heavily forested areas
in dry seasons also was observed by Wilkinson et
al. (1978). Absence of An. dirus larvae and low
panty rates in monsoon seasons was ascnbed to
flushing of larval habitats by heavy rains and e
tensive residual pesticide spraying during the fruit-
growing season. \bundance of An. dirus increased
first at outer village sites, radiating toward the inner
village as larval habitat increased late in monsoon
and early rainy seasons.

Considering the dominant role of An, dirus in
malaria transmission in Ban Phluang and the few,
highly focal dry-season habitats found, malaria hy-
perendemicity appeared highly dependent on sea«
sonal repopulation of An. dirus from forest habitats
in the outer village The role of Anopheles mini-
mus as a secondary vector might have been missed
without the ELISA, which is more sensitive in de-
tecting antigen when sy i bers are low
than is mucroscopic examination (Esposito et al
1986) Although other anophelines occasionally may
become infected, they probably play a minor role
in malaria transmission in the village. However,
because there are short periods when species from
the An. barbirostris and An. hyrcanus groups (in-
cluding An peditaentatus) might become infec-
tive, these groups should be studied further Ulti-
mately, hyperendemic malaria in Ban Phluang and
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