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ABSTRACT' In a longitudinal study, of hayperendemic, malaria in a vilge in eastern Thai-

land (from October IMS to No, ember 19S7). mian-biting anophehine mosqitres m ere col.

lected for 16 moin-mghts, per month in 22 of 26 mo. Mosquitoes %iere separated according -

to collection sites (inner, central, more popualated, Outer, peripheral, more forested). biting ~
period. and parity, and then they u erc tested for sporozoite antigen using an enayme-hrikedC\
immunosorbent assay (ELIS -1). Abundance of Anopheles dimu Pe) ton & I larrison masgreater__

in outer than inner sdilage sitc. . fill bimodal peaks in the pustmonsoon COctnlsr-Xosesn=her) Tw

and early rainy (April orMay) seasons. Parity rates at both sites siere high in postnsonsonJ.
seasons (f about TM%). lose in cool dry (December-January. <56%) and monsoon (une-

September, <60%) seasons, and variable in other seasons. Of 1.861 An dials collected. 16 0-
(09%) miere positive for Plaooocllm falkiparum (PF) and aine (04%) for P. rnve (Mg.

uieas of &86 An. rnnlas.ir one (0M3) and three (0.8%) %iere PF. and PV-pocitis,

respectively. Entomological inoculiatinn rates (EIR) siere higher in outer (9 PP - 091. P'V ~
S0 31) than inner % dlage sites (f =0 01 for PP and PV). The EiPI of PP appeared bimodala

high it, postmonsooin (October-.Nor ember) and early rainy (April or May) seasons, lorw in-

momsoon seasons. and variable in other seasons. The rectorial rapa~city of An. dimus -sca

higher than that of An. minimus. indicating that the tooa species %ere primary and secondary

rectors. respectively. Huoman malaria prevalence data indicated that transmission depended

greatly on the higher year-round sector abundance in outer than in inner sillag., sites.

KEYT0D O ltD Iseta. Anophea spp *malaria tranission. Thaland

Auopthreles dinus Peyton & Hfarrison is the rost central, most populated area of tile village, and

important malaria vector air several provines in afflicted villagers mecre largely asymptotnatic. In

eastern Thailand alotng its moutinoius border with the dry season, irt. druts, larvae siere found once
Cambodia (Wai'inistan et a], 1978. Rosenberg et a]. iii a deep, moan-made vN ell (Rotenberg ct al 1990)

1990), although other s ector species also occur tltere We studied) the same vtllage from October 1983

(Prasittisuk, 1985). Originally considered a species to Nosmnbec 19S7. Our objectis vscre to deter-

of hieavily forested mountainous regions. An. dlius minte possible chianges ii moalaria tratsmiission dy-

has adapted to peripheral areas wehere natural for- natnics, ss ith emphases ok mnalarta vector incrirm-
cats mrer replaced with orchards, tea, coffee, and ination. locality of transmission, malaria

rubber plantations (Rosenberg et al, 1999). In prevalcnice-incidcnce, vector infection indices.

Cliantaburt Province, eastern Thailand, Rosenberg seasonal and diurnal abundance, and ilia diras

ct al. (1990) conducted a study from IM8 to 1985 larval breeding habitats
in Ban Plihuang, a village where nmalaria was lty.
perendemric, dreribing in detail the epidemiology
of malaria transtmission, Only Art. diris wias in. Materials and Methodsi
erimitiated; 765, of infected mosquitoes contained
Plasmiodirumt .facipauim Welch (Pr) spsorooites, Study Sites.lDetailsof tlielocation dctnographiy,
the remainder being infected with P. rlusx Grasst dsscllings. terrain, vegetative compositiotn, and

& rcletti (P'V). Transmsissiotn \%as focal ceet in the economny Of thle village. Ban Plluatig, %%ere de-
scribed previously (Rosenberg et al 1990), Four

The ries o the auttori do riot Puirot m0r~cui in iosquito collctto sites \%ere dlesignated sites A

st het~carnsst te rmyor to aeateto afm nd B mnere tile original tiner (cetntral, mtore pop-
(Nar 4-A Art 3W)- lalated) village collection sites of Rosenberg ct A

Cuiest address AFMIC. Ft Wild. tFredesoek.Std 217 01 (1990), site C Nsas abouit 900 us, distal of site A at
That Corslsssent, Armed Force Research tiorirste of stedical ahuesrone )futOcad n bu

Sciences (AFRAIS), Makti Thilarsi.ahossirutddbfrtorirlsadaot
I Waflter Reed Army tfrotl of Rearch s Wshon D C 100 in front thle base of a fll[i coti'aining mostly

2n0 mature rubber trees, site D weas absout 900 in distal

17o5 079
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of site Cat a house surrounded by orchards and man-baited colletions were not scheduled. Col-
about 600 m from the base of a densely forestid lections wiere made beteen 1800 and 0450 hours.
mountain. Peripheral (,iuter village) sites C and D Collectors worked 50 min/h until 2350 hours and
wiere more forested and less populated. The area isere replaced at 0010 hours by a second shift of
betwseen site D and the basz of the mountain was uorkers uho collected in the same manner until
interlaced u ith descending streams. The 51 houses 0450 hours. Details of collection and handling
in the study area u wer located mostly around sites methods for captured mosquitoes are gihen else-
A and B, with only nine houses located near sites uwhere (Rosenberg et at 1990).
C and D combined. All houses were sprayed by Larval mosquitosurseys uerccondueted during
the Malaria Control Sector Office with DDT (2 g/ the same collection periods. During the first 8 mo,
m1 ra) twice per year (April and August). with an potential breeding sites of An. diruslm ere sampled
extra spraying in Decembez 19S6. to determlne larval habitats. Deep w, ells were sam-

Weather Data. Daily minimum and maximum pled with a bucket on a rope or with a plankton
temperatures and rainfall were recorded during net. Other habitats vi ere sampled uwith shallow en-
the study by a designated - illage residenL Rainfall amel pans or long-handled dippers. Thereafter
data came'from the lirtvince uweather station in samples were taken during each monthly surey
Chantaburi, about 40 kLi distant, at types of habitats (unless dry) that previously had

luman Malariometry. Thin and thick smears yielded An. dirus larvae.
of villagers (n - 230, 9 - 19"2) were made bi- ExaminationofAdult31osquitoes.Themorning
monthly tiom October 1985 to June 1986 and after a biting collection. anophehne species were
monthly from July to September 1986 (first year). identified, and the ovanar. tracheoles %,ere exam-
Thereafter, until November 1987, smears were ined for parity (Detinova 1962). During tie first
made monthly (second year). Slides were Giemsa- 15 mo of the study, the head and thorax (liT) of
stained, examined for malaria species, and quan- each specimen were bisected from the abdomen
tified for tropliozoite and gametoc)te density per (AB). Specimens were placed in separate 1.5-mI
500 leucocytes counted in the thick smear under centrifugetubescontaining50or 100plofb!ocking
an oil immersion lens (1,000). buffer and frozen at -70*C on dry ice for future

Treatment to. malaria-postic villagers was circumsporozoite antigen (CS) detection by ELISA
provided by the Malaria Sector Office (Makbam (Wirtz et al. 1987) During the last 11 mo of the
District) according to guidelines establisied by the study, midguts were dissected and stained for oo-
Malaria Diseion. Ministry of Public Health. Adult cysts, and salivary glands (SG) \,ere bisected with
cases of P. falciparnm detected by the Malaria fine dissection neede,, onie gland for microscopic
Division were given a single dose of three tablets examination of sporozoites aid the other gland for
containing 750 mg mefloqume, 1.5 mgsulfadoxine, testing by ELISA. Nulliparous mosquitoes s ere not
and 75 mg pyrimethamine. Cases of P. cirx were disected but %% ere bisected to obtain lIT and AB
gaen 1 5 g chloroquine base for 3 d and 15 mg for ELISA as in the first 15 mu of the study After
primaquine for 14 d. Children receieed a proper- dissections in Ma)-July 1987. bodies of 177 mms-
tionately smaller dose according to an age scale quiltos were tested with an An. dirus species
provided by the Thai Ministry of Public Health. D-specific DNA probe to determine the proportion

Prevalence was determined monthly, counting of An. dirus species D in the total An. dirus col-
only villagers Nho provided >7 smears (first year) lections (Panyim et al. 1988),
or _8 smears (second year). New cases (incidence) ELISA Methods. The ELISA methods were those
%%ere ti mated monthly by dividing the number of Wirtz et al. (1987), with minor modifications.
of villagers Nsiti gametocytes (or parasite density Thawed specimens uere diluted to 350- c 400-pl
>99 per500 leukocytes) by the total who provided volumes of blocking buffer just prior to , alysis.
smears. Seasonal prevalence and incidence were Negatiwecontrolsconsistedof laboratory reasd An
obtained by dividing the total of PF (or PV) pos- dirns, Anopheles maculatus Theobald, _topheles
itive villagersor new PF (or PV) eases, respectively, mniinms Tlhobald, and Anopieles phih lr ensis
per season by the total who provided smears in the Ludlow. Three aliquots of each of the fow species
season. (total, 12 wells) were tested in each plate Ouan.

Mosquito Collections. llumaihsaited mosquito titative sositive controls consisted of hcma) me-
collections were made concurrently by two pairs ter-counted SC sparozoites (Nonidet P-40-tr, ted)
of collectors at two sites per night for four consec- and recombinant PF protein (Young et al 1985)
utive nights each month (total, 4 man-nights per or synthetic PV peptide (Arnot et al 1985, \e-
site) during the full moon. During the first year, Cutchan et al. 1985) standardized against counted
collections at sites A and B sere alternated nightly P'F or PV sporozoites ( rein diret feeding oi An
with those at sites C and D, whereas during tim dirus oi gametocytemic Thai patients [per Vi-
second year, collections at sites A and D were al- kinson et al. 19721). Absorbance values (4141 nm)
ternated witlh those at sites B and C Collectors sat were recorded 60 loin after the addition of sub-
outdoors in chairs within 10 in of collection site strate using an ELISA microtiter plate reacter (Ti-
houses. Occasional dry ice-baited ultraviolet light tertek NICC, Flow Laboratories, McLean, Va ) cou-
trap collections were made at the same sites when pled to a I1\-PC-XT computer used to storedata
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Mosquito triturates ss ith absorbance values nuliparous mosquitoes. sslhereas proportions par-
greater than the mean plus three SD of the 12 ous by biting period v.ere analyzed by ANOVA
negative controls ',ere retested. Serial 2-fold di- after arc sine transformation. The EIR and VC
lutions of CS antigen or counted sporozoites ssere m ere compared rusing the correlation coefficient (r)
used as quantitative positive controls in confirm- or Spearman correlation (Sr). Differences in ma-
atory tests. Mosquitois uere called CSantiget.-pos- laria prevalence ,.ere determined using Pearson s
ithie if absorbance values exceeded the mean plus k2 and comparisons v% ith incidence-utdized r (Sta-
three SD of 12'negati% e control mosquitoes (Gold- tistix, NH Analytical Software, Roseville. Minn.).
berg 1960) and exceeded the minimum detectable
positiecentrolsporozoite valud(usually6-12sp- Results
rozoites/50 sil). Sporozoite equivalents per positive
mosquito ltTorSG, based ondetected CS antigen. Weather. Seasonal temperature fluctuations in
.ere calculated from appropriate standard cures Chantaburi Province iere moderate. Hosseser,
(per Wirtzet al 1987) after correction for dilutions combinations of rainfall and temperature patterns
(Collins et aL 1984). ielded distinct seasons defined as follow& post-

Vector Data, CalculationS, and Analyses. Spe- monsoon, cool dry. hot dry, early rainy, and mon.
cies, collection site, parity, biting period, and the soon seasons (Fig 1),
presence-absence of CS antigen %,ere determined Mosquito Collections. The most abundant spe-
foreach specimen. From thesedata. thesporozoite cies caught viere An. dirus and An. minimus (Ta-
antigen-positihe rates, entomological inoculation ble 1). Using species-specific DNA prob-s on 177
rates (EIR), and vectorial capacity (VC) vere cal- An. dirus s., 175 mosquitoes (99%) ereAn. dirus
culated for each season. Entomological inoculation s.s and two (1%) vsere An. dims species D (S
rates %ere defined as the number of sporozoite Panyim. unpublished data). This composition cor-
antigen-positive An. darus or An. minlmus divided responded closely with our morphological identi-
by the number of man-nights of collection at the fication of An. dirns s s. (based on Peyton & Har.
site. Vectorial capacity was C = (na)ap'/ -In p, rison[1979P. Otheraooplhelinespeciesand numbers
siltere ma is the average daily man-biting rate, a collected are listed in Table I.
is the daily man-biting habit. p is the daily survival Site D yielded the largest number of adult an-
rate estimated from the parity rate, and n is the opbelines (1,228), follosed by sites C(98), A (67)
length of sporogonic cycle (Macdonald 1952). For and B (364). An. dimos constituted 85, 54. 40, and
our purposes, ma was the mean of bites per man 36% of all anophelnes collected at these sites, re.
per night, a was assumed to be 033, and n for spectisely. An, minimus vere caught in inverse
PF and PV \sas assumed to be 12 d for PV and PF proportion to An. dirus collected at each site ( c..
(Rosenberg ct al 1990), based on a laboratory de- 4, 14, 31. and 36% of collections at sites D, C, A,
%elopment temperature of 26C because no field and B, respectively). Thegrand meansof An. dims
estimates were available Daily survival (p) was parity rates ranged from 61% (site D) to 70% (site
calculated from the parity rate (pr) according to B). Similarly, the grand means of An. minintms
p = I (Davidson 1954). where x is a gonotroplic parity rates ranged from 44% (site D) to 64% (site
duration of 3 d. B), The grand means of parity rates for other

Estimates of a for An. dirus range from 0 25 anophichnespeces combined ranged from 3,% (site
(Ismail et al 1975) to 033 (Rosenberg et al. 1990). A) to 53% (site B) The mean abundance (bites per
Its feeding preference for primates is well docu- man per night) of Au. dimus was higher at site D
miented (Wharton et al 196-1) Estimates of a for (SQRT 2 -3 2 ) than at other sites in the 11 seasons
An. minfinus range from 0 35 (Ismail et al. 1975) of collection (F - 6 , df - 3, 30, P - 0 002, LSD
to 050 (Itatanatham et al. 198). An. mtninuts - 0.7), whereas sites A and B (SQRT 2. 1.2 and
prefers cattle to man, given a choice (Ratanatham 1.1, respectively) were clearly similar. The mean
et al 1988). lowever, the only large mammals abundance at site C (SQRT - 2.3) did not differ
aside from humans in the village \iere dogs, not from site D when a rejection level of 0 01 (LSD -
documented as preferred hosts 0.9) was used for comparison, indicating their sim-

Peak biting periods were determined by com- ilarity. These findings corresponded to proximity
paring mosquitoes collected in each of four biting of sites and terrain similarities. For most purposes,
intervals (1800-2100, 2101-2400, 0001-0100, and therefore, data were combined for sites A and B
0301-0500 hours), Vector abundance by sites (ei- and for sites C ani D to facilitate analyses (here-
ther two or four sites), seasons (either five or 11), inafter designated sites AB and sites CD, respec-
and biting periods (four) and proportions of paros tively).
mosquitoes vs ere analyzed by analysis of variance Seasonal and Diurnal Riting Patterns of Vector
(ANOVA) and least significant difference (LSD, Species. Monthly mosquito collections for sites AB
rejection level of 005 unless otliervis specified) and CD, summed across five seasons (Fig. 1), in-
after calculating mosquito bites per man per night. dicated that abundance of Ai. dirus and An. mn-
transformed to their square roots (SQRT) Overall inus was bimodal, with a primary peak it the
site and seasonal mosquito parity differences were postmonsoon season and a secondary peak in the
analyzed by Pearson's Xi on counts of parous and early rainy (An. dims) and cool dry (An. mfnlunus)
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Fig. 1. Total monthly rainfall (mml in Chantabun Pro snce and mean monthly minimum temperatures (*)

in Ban Phlnan. 1985 to 1987. Bar graphs sho% rainfall. line graphs duplay temperatures. Postmonsoon tPost). cool
(try (Cool), hot dr (Hot), early rainy (Rain). and monsoon seasons are indicated on tile ahscissa.

seasons (Table 2). The mean abundance of An. 2100 to 2100 hours (j = 0 39) and least from 0300
dirus was greater at sites CD and AB (2 ±- 2 SE = to 0300 houes (2 0=07), ushcreas periods 1800-
9 0 ± 6 2 versus 1 5 ± 0 8/man per night. P < 2100 hours (2 = 0.26) and 2100-0300 hours (2
0 05). Comparing abundance of An. dims among 0 27) s ere similar to the peak period (F = 7.3, dl
sites, seasons, and biting periods indicated greatest = 3, 31, P < 0 001, LSD = 0 15) (Fig. 2), Parity
abundance in postmonsoon and early rainy seasons rates of An dirrs generally increased ii consecu-
(SQRT g = 3.4 and 2.2/man per period, repec- tite biting periods up to0300 hours in mostcseasons
lively), other seasons were signifieantly losser, es- (not srgnifieant) but ,aried after 0300 hours Ilow-
pecially the hot dry seasons (SQRT = 1.1/iman eser in periods of los abundance (i c., hot dry
per period. F - 22 4; df = 4, 31, P < 0 001f LSD seasons at sites AB), parity rates in consecutive pe-
a 06). Similarly, abundance of An. dtrus was rinds fluctuated.

greatest from 2100 to 2400 hours (SQRT .9 2.4/
man per period) and least from 0300 to 0500 hours Table I. Anopheles species, number collected, and
kSQRT 2 = 1,4/man per period), with other periods percentage of total collected from October 1985 to ANo-
similar to one or the other of the estreme periods nenber 1987
(P G - 6.4; df 3, 31; P -0002; LSD = 05). Biting Anophels Sci'e' No
activity occurred earlier in zol dry seasons, with
35-40% of Am. drrus caught before 2100 hours Ocoinm Do0z 41 1.iii haeretae i liSroitifsn Reid groop 10"2 55
about d-uble the percentage biting in this period rarspetris Reid s8 28
in other seasons (14-19%) (Fig. 2). di-s Perton & Ilaroon 1t61 60,

Overall proportions of parous An. dius at sites hyocmnus Reid group 57 28
AB and CD did not differ (Pearson's xn, P - 0.15). L ,aI (isJamen 96 31anutusheohald 52 17
I fowever, proportions of parous mosquitoes in post- -t. Theold 352 125
monsoon seasons were high and similar among sites, nigerms Gdes 49 16
but uere loss in cool dry and monsoon seasons nxreo( l 29 09
(Table 2). Similarly, although overall proportions rinds Itaurttoo Scanlon & Reid 73 2.3
of parous An. dirus collected did not differ across psacnia ttanan ILeicit 67 3t

,a cd-nion Ralaaiu re 22 07five seasons, they were higher at sites CD than at soelsinatTeobald so 26
AB in early rainy seasons (XI n 14 3; P < 0001),
ss hereas the reverse was true in hot dry seasons (XI Species with I I Ioqmtors each Anopheles annslirir Van

66, P < 001) According to biting period, pro. ,ee Wup. An argoonpw (Ssellegrebel). A. cranfodi Reid,o-An, kochi Donu An phllippinensag Ludlow, An pursao Lase.
portions of porous mosquitoes caught (aresine- ranmAn slnenrisWiedemann.An ruunaslengarAn,rrnbrosfa
transformed and normalized) ssere greatest from (Theobal) and An. uwharont Reid,
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Fig 2. Biting activity and propoition of parous mosquitoes at inner village sites lAB) and outer village sites
kCD) sumnied by season ksee Fig 1). Biting activity Is the percentage of total mosquitoes caught konshaded areas)
in periods I 1800-2100 hours), 2 (2101-2400 hours), 3 (0001-0300 hours), and 4 (0301-0500 hours) Proportions
of porous mosquitoes in each Period are shown as shaded areas. (A) An, niniuius. (B) An. dims

Mean abundance of At, nnintinus was similar to 2100 hours (9 = 0 37), 2100 to 2400 hours (. =
among sites AB and CD (SQRT 29 = 1.2 and U./ 0 27), and 2400 to 0300 hours k9 = 0.24), with the
man per night, respectively, P = 0 69). Mean abun- proportion from 0300 to 0500 hours (2 = 0,12)
danceofAn, mininitiswsgreatestinpostmonsoon significantly lower than the first period (F = 3 9,
and least in monsoon seasons (SQRT 2 = L4 and df= 3, 31, P = 0.02, LSD 0.16) (Fig 2). Parity
0 5/man per period, respectively), but in other sea- rates generally Increased in .onseCuive peltls kp
sons it was similar toone or the other of the extreme to 2400 hours knot significant), but varied after
seasons (F - 8 5; df - 4, 31; P < 0 001; LSD - 2400 hours.
0 33). Mean abundance of An. iinints was high- Anoplese peditaeniats (Leicester) were ,.iught
est from 1800 to 2100 hours (SQRT . 1 ,/man primarily in late monsoon and postmonsoon sea-
per period) and least from 0300 to 0500 hours sots, usually before 2400 hours. Abundance and
(SQRT . = 07/man per period), whereas from parity rates of Ass, peditaeniatus did not differ
2100 to 2400 and 2400 to 0300 hours, it approxi- among sites, but parity rates generally increased in
mated the first or last periods, respectively (F - consecutive biting periods.
8.1, df = 3, 81, P < 0 001, LSD = 0 15). Overall, ELISA-l'ositive Mosquitoes. A total of 29 CS
parity rates of Ass ntinimus did not differ by sites antigen-positive mosquitoes was wlle,.ted Of these,
or seasons, Proportions of the total of parous mos- 13 of 1,120 (1 2%) An. dirus and 2 of 176 (1.1l)
quttoes caught (arc sine transformed and normal- An, minuts collected from Octobsr 1985 to De-
ized) decreased in consecutive periods from 1800 cember 1986 were IT-positive. From January to
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Tabh3tv& ainnne~e, ~reo ~aei~ea,.~ .irn ionoonni .iie~oie asuir
in bied hr~d,-rhomcor s durerted ianlienry gland.

Ariepheka Fl-dwnfiira- £Losvuoise rlano

dIana 7 1.29 9 1.272 6 M6 3 U.11
(245-3.9-i1) (16847S) (12-1.316) (350-11.2m0)

,riiima 1 210 1 168 2 67 -
(4241-)

V.1- g-tin 1 560 - - - -

' IT, banded iseds-iboe SG. disartd saliary gl.

November 1987, SO-positise mosquitoes included P. faci parurn EIR usually far exceeded PV ff11,
10 of 768 (1.8%*) An dirus, I of 212 (0 5%) An. except in hot dry and monsoon seasons, whlen fewe
rinnimus, and 1 of 58 (1.9%) An peditaeniatus. positive mosquitoes wsere collected The EI11 for
One each of An. dir-w and An. minimus also were PFat sites CD far exceeded those at sites AB, except
HT-positive in 1987, but they wsere not dissected for hot, dry seasons (sites AB slightly higher) and
because they appeared sulliparous.of 1OAn.dirus monsoon seasons (both zero). Thse EIR1 for PV at
whiclh were ELISA SC-positive in 1987, sporozoites sites CD also exceeded those at sites AB in post-
INere Seen In only four specimens Sporozoites weere monsoon and cool dry seasons but were othserwvise
not seen in the An. riiimus and An. psrdilaentatus, equal or nearly so (monsoon seasons), High EtIR for
that wsere SC-dissected and positive by ELISA. PF and PV wsere found in the saine seasons, Ie
Htowever, an An. rnininus from a light trap col. postmonsoon. cool dry, and early rainy seasons
lection wvas PF-positive by ELISA and exhibited Thle VC of An. dimus and An. iiinius across
sporozoites A man-biting An, isirblrostir-s exlih- five seasons were correlated highly wvith each othr
ited sporozoites in SC but weas ELISA-negative, (r - 0 099), but VC for An. dirus at sites CD always

No differences in sporozoite equivalent values of exceeded that at sites AB, whereas VC of An nun-
PP and PV in SC of positive An. dirus weere seen. ius varied among sites (Table 2). Across 1t sea-
An dirus appeared to have higher sporozoite sons of An. diruis collectionis, VC at sites AD and
equivalent values for PF and PV than An. msint- CDcorrelated poorly vitlioneasotser Sr= -0 09).
Anus These values also appeared higher for [IF than The EIR1 at sites AB wvere ussually zero, so corre-
PV in ttT of An, dirus, and An. niminimus. However, lation wvithi VC seas not attempted including only
high variability among specimens precluded sta- sites CD, somes correlation between VO and EIR
listical corroboration of these appssrent differences wsas observed (weith PP and INV ff11, Sre 0 33 and
(Table 8). 0.45, respectively). Correlations of VC and £111

The proportion of CS antigen-positive mosqsn- weere mucs higher wehen both list dry seasons ss'ere
toes in vector species differed by site and season excluded from the I I seasons of comparisons kxvith
(Table 2). An. dir-us consstituted 837% of thse 29 pos- PP and PV ff11, Srex 053 and 0.67, respectively).
itise mosquitoes (89 and 707o of PF- aisd PV-pos- but VC among sites AD and CD still correlated
ive msosquitoes, respectively). Positive mosquitoes poorly (Sr = -0,22), Overall correlations between
wvere most abundant during postmonsoon seasons MR11 and VC of An. siinisssus wvere isot performed
(14 of 29, 487o), Thereafter, the number of ELISA- because its Eflls weere usually zero. The VC of An.
posittve mosquitoes declined until early rainy sea- nsiiniuis seas highest during (sot dry seasonss at
sons. wenei a secondary peak of six positive mos- sites CD, coinciding with a high VC for An. dirus
quitoe (four PP-positive) weas detected. Only ono (Table 2).
positive mosquito w as caught duiring twvo monsoon Human Mrulirrionueiry. Prevalence of PP at sites
seasons (Fig 3). Seasonal distribution of P1'- and CD exceeded that at sites AD in all seasons. wvith
PV-positivc mosquitoes wsas similar, weith 68 and siisflant diference (P '. 0 05) dsurinsg posimon-
M3% of P1'- aiid ('V-positive mosquitoes. respec- sonand coo dry seasons (Pig. 3) The monthly
tively, caught in postmonsoon or cool dry seasons incidence of PP seas similar at sites AD and CD (r
Sites CD yielded 83% of all positive mosquitoes, = 088) and closely paralleledl prevalence at sites
including 88 and 89%1 of positive An. dirus and AD and CD (r =0.78 aisd 0 83, respectively) Peak
PP-positive mosquitoes, respectively. Mosquito PP incidence occurred in cool dry and list dry
posilis ity rates wsere inversely Psroportional to mw seasons, lagging 4-8 wkbehinsdrelative abundance
quito abundance in all but monsoon seasons (Tabs. of PF-positive mosquitoes in poslinonsoon and cool
2) Most positive mosquitoes (21 of 29, 72s8) were 'i seasons. The incidence of PF also increased in
caught before 2-10 hours, whereas only two (7%) L, rainy seasons at sites CD, coinciding with a
seerc caught after 0300 hours. secoindary peak of PF-positive mosquitoes. Prev.

The EIR and VC of An. dir-us and An. ninimus alence of PV at sites AD aiid CD weas similar but
.Also weere compared by site and season (Table 2) peaukd during the monsoon seasoins when PP prev-



November 1990 GINGRICH ET AL: MALARIA TRANSWISSION IN A TAA VILLAGE 1023

60

50 -

V ~ AlA
20

30 ,/-

20

'a *...AB PF

15

0. CO:~ -A PV

3n I R IsP
0. 2U: ri- MINIMUS

SAll 2 0 IPV MINIMUS

05 8 6 87

SEASON[YEAB
ig. 3. Prevalence and incidence of P.Jalciparum (PF) and P. elrox (PV) by season (see Fig 1) at inner village

(sites AB) and outer village (sites CD) from 1985 to 1937. The number of Ant dimus and An. mini mus positive for
l'F or PV sporozoite antigen also are showvn by season and sites.

alence swas loweest. Over five seasons, mean PV and ssao conducted for Art. flitiits because its hab-
PF prevalence weore correlated negatively (at AB, ttats kinoderately shaded stream margins, often An
r- -0 95, at CD, r -'-0 88). Incidlence of PV leaf lttter) arc weell kinown (field 196S). However,

wvas lose throughout the study, with only slight el. larval An. ittriitius sNtere collected at all sites, and
evatioits lit dry and monsoon seasonts. its habitats %Nere wvidely available iii all but mon.

Larval Mtosqto Collction~s. Anopheles dirtis soon seasons.
larvae weore found fi-, fi October 1985 in a tire
rut near site A but were not found again for 8 itu
bsecause its larval habitats still me re ruirecognized,
From July 1986, All. ritrus larvae wvere found reg- Dsuso
ularly in similar habitats, wvithi the first Art, dirits Anophleles dirus wsas the primary vector species
larval collections of elth monsoon season taken in Ban Phltang, comprising 837*of ELSA-posiie
frinceaed stream po ols or tire ruts near site D mosquitoes, tHigh PF ElR appeared nmosidepen-

inrae nconsecutive mothts through each Oc- the postmonsusoi seasons on high infection raites in
tobelwen they swore taken at all sites (Table 4) the cool, dry seasons Tltis findling agreed swith those

Dy November or Decembser, ground pools wsere of Rosenberg ei Al (1990), ss ho also fouisd infected
foew, and An. dirtis larvae wee found only in Aso- Au. dirt: oestly In postmionsooii and dry seasons
lated stream pools ksite D) and alarge water storage ttowvever, our detectioii of a secondary peak of
vessel (site C), The only An. dirus larvae found in positive An. dirus in earl) rainy seasoins (seasons
the hot dry season (April 1987) uvere front twvo of elevated adult aitd larval mosquito abuindance
large, shaded stream pools isolated in a dry stream in the outer village) indivated an additional ported
be near site D (Table 4). No systematic search of elevated malaria transmissioni An nitimMUS, With
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three HT-positive (PV) and one SC-positive (PF)
mosquitoes,'waS considered to be a secondary vec-

SI I i× I i tor, as suggested by Rosenberg et al (1990). Ele-
vated abundance and VC of An, mrisimus (relative

XX cos× to An. dims) in seasons of omparatiiely high PV
gametocyte prevalence, coupled ssith its PV/PF
positivity ratio of 8:1. suggested its greater role as
a PV than a PF vector in Ban Phluang High abun.
dance ofrAn. mlnimus in dry seasons was likely

I I I 5 I I due to increased availability of larval habitats Oth-
eranopheline species, including An, peditacntatus, t

I I Iexhibited much lower parity rates than An. dirus
or An mtnimus (possibly because of a longer gon-
otrophic cycle or-ihorter longevity), yielding lov

I I I I I 5 VC estimates. The sporozoite-positive, ELSA.-neg-
alive specimen of An. barbirostris may have been

I I I I I x due to a CS protein variant not detected by our
monoclonal antibodies, a possibility shown by Ro-
senberg et al. (1989).

Riskof receiving a potentially infected mesquito
bite varied vvith site and season as indicated by the

I I I I I I E1R. Highest risk, occurred at sites CD in post-
monsoon and early rainy seasons, Hlowever, highest

-,I I I I I imosqulito positivity rates occurred in hot dry sea.
sons when mosquito abundance was low, also a
finding of Rosenbcrg et a], (1990). Positive ms-

I I I I qditoes were fevser in cool dry and hot dry seasons.
but the EIR still indicated a substantial risk of

2 Iinfection, Lowest risk and Ioest mosquito positiv-
.ity rates occurred consistently during monsoon sea.

I I X Plasmodum falclparai and pV-positive meos-

-" quitocs were detected concurrently, except for one
t I I I I x I monsoon season (1987), llowever, PF-positive mos-

quitoes usually dominated, comprising 63% of pos-
5 itive mosquitoes, somewhat less than 'le 76% PF-

positive mosquitoes reported by Rosenberg et al
(1990). P. falcparumni.positive mosquitoes domi-

2 1 1 1 Ix z nated in postmonsoon and early rainyseasons, when
they constituted 745% of positive mosquitoes.

i I I I I I "Seasonal differences in mosquito parity rates
should affect positivity rates and VC because high
parity tates indicate increased longevity (Davidson

SI I I I I I 1954), In postmonsoon seasons. high (and nearly
equal) arity rates of An. dims and An, minint,
coupled with elevated abundance, sould explain

9 high vectorial capacities. In cool dry seasons, par-
4 f ity rates were so low at sites CD (45%) that few

I I positive mosquitoes ,,ere expected, However fiver 8 positive mosquitoes were found, including a nul-
liparous An, dits with both PF and PV antigen,
Although gonotrophic dissociation or discordance
cannot be excluded, miscoding of the specimen

I appears nore probable. In any case, the unusual
o " combination of relatively high EIR and low VCj .€, t . - I suggests that parity rates in the cool dry season

(and hence VC) may have been reduced artificially
4 by the increased recruitment of nulliparous fe-

males, The significantly higher parity rate of An.X, ! ×<0o dirus at sites CD than at sites AB i hot dry seasons

was unexplained because exhaustive surveys yield-
ed larvae only at sits.. CD.
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Good correlation of VC wsithi the EIR only when similar villages may be moat dependent on adap-
hot dry seasons were excluded from calculations tation of An. ditus to steady depletion of forest
was attributed to highly variable parity rates High habitats and more intensise agricultural practices

prprtions of parous An citrus Nune 2100 to 0300 observed throughout the region.

hussuggested that older females feed later than
nulliparous females, except after 0300 hours. In

A.gamniae. this finding was attribsited to early Acknowledgmsent
evening oviposition by porous femnales followred by Teatos(a) h olwn esn hs fot
hint-seeking (Molineaux & Crammiria 1980), also elie thosrsetanrch Follwn eRoNs hose n ffueoS

a~prbabe eplaatin fr A. drus Ealy eak wanya Pongparit for laboatory analyses. Ralph E Har-
ts bting activity of An. dirua during cool dry seasons tiach. Raimps Raitanarithil,6i, Chunng Noigamol. Kol

appeared related to lovv mean minimum temper- Monglkolpanya. Soda Ratanlasong and Ratana Wasn-
atures (sometimes reaching 12-13'C after 2400 napong for mosquito tasonomyt Lek Seinchit. Prof im
hours), curtailingmosquito activity.Although stud- ttomnyakaniss. Sait Nakngen,Sonporn Chanaimongkol,
ies relating biting bhavior to human activity wvere Ruan Thaoptra, and lokam totas for held collection of
not performed, the fact that most -positive mm- mosquitoesand Somprathatna Nsevtngya for data enry
quitoes fed bfore 2400 hours suggest hepotential aod secretarial asistance. Statistical anialyses, by Robert
value of such research. Barge. WValter Reed Army tnstitute of Research, also are

Seaona peksof F-psatvemosuite(an deeply appreciated, The mooclonal aistibaies sedwere
SFeaso n peasnofson co-otiv mosquitesl sidPed by a grant to Ri. A Wiz from the UNDF/

f' ER)inpotuonoo, oo dyan erl rin World Baaok/W11O Special Programme for Research and
seasons wvere relatedri time to pecaks in PP ci Training In Tropical Diseases. Special thianks are duo
deuce aisd prevalence, especially In the outer, vil- Surasit Suosit. who led the Ban Phluang collection team,
lage Hlowever, abundance of MVposilive mosqui- and the resideots of Ban l'hloasg, who assisted in col-
toes tand P'V EIII) appeared unrelated to PV leetlons aod graciously attossnd all-night, man-halted

fr ,lerne and Incidence. This event could ressilt mosquito collectionis to be made outside their homes for
irn prolonged latency in exoerylhrocytic pV its. over tiso years

fretions (Cooper et al. 1947) or niiterspccific dotes.
isance of PP over PV in concurrent infections (loyd
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