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andd malarial
infecton mtes in wild-canelit mosoguitoes

companson ol sampling methods

Materials and Methods

Deseription of the Study Areas. Our sbudy wis
conduected 1w el pren =20 km from
chulo ity at 17" 25' N and 427 20W on the
Pacific slopes ol the Madre mo

ST ntain

(TR {(hetween the in-|.-..u|.--r:. curvies Ol
100 wndd GO0 e above the sea levell, This area
kS 0 II||II|r!I|'l:| VT een |-|-:II:||-|: -.-..r'-: o [ 1]

subshormiad elmate, mean apnual relatbve hamid
ity of 809, and an averee tempenture of 23°(C
tMiranda 19562) There is o well-delned dev sea
NOMIN, willy the hottest II||I|.|'|||\ i Easredsg '\--'.u;-:-|| i+
Mav., The average rainfall s 3800 mm
\.'-'II.I.I II IS |il‘-|||.|.l||h -:| |.-1 RV ETEETT "A.1.|a. .|:-.| Niwi i

Brer. The landscape is charncterized by a roguod

anl

terrain with slopes of varving degrees. Agricul
fures is devoted maunly to colfee plantations. The
Lorvest between Aupust and November is Tabo
inlensive and dependent on migrant workers
Thie '-|Illij. area conststed of four ||_i.|'._'|_'_\. each
separnted Dy about 5 ki E Plan (pop. 446 in 74
|||:|'|i\1':\:._ El Hetiro ':|}||'|.'. 341 in 37 houses), Lo
Ceriba {pop. 236 in 67 houses), and La Concordia
EE 240 in 52 houses), The houses in El Plan
angd El Retivo were scattered and often separasted
b more than IO m. Io the other two villages,
houses were nreanged along the man road and in
close proximity to cach other, often separated by
less than 20 m.

The study sites were along the marging of the
Coatan River where A. pseudopunctipennis lar
val habitats Hourish during the dry season in
pools with flamentous algae (Fernandez-Salas
19927 A few large permanent ground pools alsc
serve as habitats. A, pseudopunctipennis popu-
lations quickly decline at the beginning of the
wet season, after larval habitats in th
inundated,

A malaria survey conducted in 19588 fonnd that
A. pseudopunctipennis was the most fr it

indoor and ontdoor Initing arsss b
: T VR ' "&F’J"

= TV &Y
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covering two dry seasons. Mosguito collections
were conducted 4||11:|:||.|.;: e week [ maonth
eaech 1..”.[!_'1' Fhe weokly olfort consisted of o
mights ol 14-h collections (1700 to 70 Foars)
i Janary, Februey, and Maoreh, wlhich cor
responded to the longest periods of darkness of
{ LSO — L0y
rieig the romaining months, Mosouitoes

i

the vear and ol Db oeollections

hoiirsY
\'.r'.l'll-”:'-.ll'l! I’lf. oy Toains ol lesnig 1r'n'|||||-;'|.;|:||.'.

per team each working 6=7 L [ELALS miphit, €alleq

tors were protected from malaein by chemapro
phivlnxis

Ihree methods were wsed toocuptuare Hying
femudes: lindinge catchoes, horse Ftibeech trages, andd
II1|||I.|!I ultraviolet I|-.-_I|r [LIW] II:.|||'.|'Hr'1_I|||_| el il
LE8H]T, For ||I|-|II|',.{ collections, technicinns wsed
il aspitictors to capl e fermale s uiloes ns
they attemmpted to feed alte |.ll|i||||_‘..'. o Ll aox
posed feet and ankles. Landing callections were
I
prnacde

wle by one collector per site, Colloctions were

within & o 1 moof the
aned at w '--..l-.':.|| ;'..|I|!I4'|'||||_I. w1l '.1.'|1||||| e
village (2050 m awav Trom |||r1|\-:'*-i. L, alonge
the road Ihe lntter collection was
defined oy extradomaciliae

inshde a honse .

|I||.:."'|.'

soccer feld)
Landing collections
wiere conducted during 50 min each hour. Teams
of collectars were chunged wt midnight, aod stacl
ing Limes of teams were rotated each :||.|_;._{|:'|.I_ Al
ditionally, individual team members changed
collecting sites cach night to wvoid sampling
bias

Harse-baited trap collections were peclormed
in the center of the village by tving o horse fnside
a nvlon-scereened trap (4 by 4 by 4 m, placed 30
e above the ground), A technician opened the
trap each howr and vsed an oral aspirator to col-
lect all engorged and unengorged anopheline fe-
males resting on the SCTECHing.

Resting females were collected in house and
outdoor natural resting sites and in artificial pit
shelters. During 1990 and 1991 {January=May), a
minimum of 10 houses per village was sampled
for resting mosquitoses by four techniclans for 2 h
during 1 wk per month. Ten pit-shelters per vil-
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P, vivax Circumsporozoite-Protein - Assay.
Head-thorax  portions of wild-cought females
were removed, placed individually in o 1.5:ml
talaes, aned stored in o glass contiiner with silica-
el until processing, The head-thomees were as-
sived individually by an ELISA for P, vivax
VEZI0 and VK247 circumsporozoite (CS) pro-
teing (Rosenberg et al, TB89), using monoclonal
antibodies NSV (Wirte ot al. 1985 and
IB2.16G12 (Wirke et al. 19927, respectively, The
looweer detection limits of these assavs were =23
und B0 sporogoites, respectively (Wirte et al
P2y Unled, libortoryreared An. albimans
servied as negative controls, The cut-off value for
nopresitive fest was tweo times the mean absor-
Baner value for seven negative controls. Confir-
mutional fests were performed on positive wells.

Data Analyses. Analysis of variance (ANOVA)
tests compured relative abundance of [TIE TR
tocs betwoen villuges, sample sites, and years
(SYSTAT 1959). The Kolmogorov=Smirmov test

{Siewel 1956) was used to compare patlerns of

host-seeking activities during the night., Fisher's
priected Teast significant difference tests (LSD
were performed to compare parity mtes during
different quarters of the night (Zar 1984),
Monthly survival estimates were caleulated for
indeor and outdoor biting populations collected
during the malaria transmission periods (Janu-
wry, February, and March) in both vears. The
probability  of daily  survival, based on the
swme period, was computed using Davidson's
(1954) formuly using a 3-d gonotrophic evele
(Fernandez—Salas 1992}, An estimation also was
made of the probability of females surviving for 9

i, the duration of the sporogonic cvele at 23°

IMacdonald 1973 Only data from El Hetiro and
EI Plan were used in these caleulations.

Results

Population  Dyvnamics. In  addition to A,
peeudopunctipennis, A, albimanns, A, apicimac-
il Drvar and Knab and A. eiseni Coguillett were
captured in the [our villages but accounted for
< 1% of the total during the 2-vr period.

The seasonal trend of A, pseudopunctipennis
relative abundance was anabvzed by pooling
landing  eollections umong  villages (Fig. 1),
Highest means of pooled mosquito collections
were recarded [rom January (197 females per
human per night) o March (11.2 females per
human per night) 1990, and again Japuary (114
females per human per night) to March (10,4
feminles per human per night) 1991, Heavy mains
in April eliminated the Loval habitats along
the Coatan River and mosquitoes largely disap-
peared nntil the beginning of the nest dryv season
it overnber.

Seasonal means of human landing collections
inside howses for both vears were greater in El
Retiro (17.6 and 6.8 females per human per
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Fig. 1. Seasonal pattern of raiodull and A peeiscdi

pranctipennis ibondones Bemales/manimight) o the
foethills ntsir |':'I.|1|I.l.+|ll||.|.. Mexion, from I|.|.1||||||'y IS Ly
Jiare RG]

night) and El Plan (12,3 and 68 females per
human per night) than in La Coneordia (3.5 and
2.0 females per human por miehty and La Cesilw
(2.0 dned 2.0 Fermiles per hiuman per night); how-
ever, transtormed data [ln (X + 1)] of lemales per
human per night monthly means did not indiente
significant differences among villages and years
(F= 1424 = 7, 21; P= 02470 I 1590, the
highest monthly means tor indoor biting catehes
were recorded during January (27 females per
human per wight) in Bl Retivo and Fobruary (o
El Plan (23 females per human per night), re-
spectively, In P, biting peaks were observed
in December for El Retivg (18 Faoales per ho-
man per night) and Janopary in El Plan (20 [e-
males per human per night) before villiges were
spraved with DDT at the end of January.
Monthly indoor biting means for La Concordia
were highest during February (9 females per hi-
man per night! in 1990 and January (3 lemales
per human per night) in 1991, Likewise, in La
Ceiha, the highest monthly abundances were re-
corded during January (4 femules per human per
night) in 1990 and February (3 females per hu-
man per night) in 149Y9],

In concurrent collections during 15, the
numbers of A pseudopunctipennis captured
per human per night varied between peridomi-
ciliary and extradomiciliary collectons and in-
side houses in El Retiro (34.5 and 295 females
per human per night), La Ceiba (2.0 and 2.7) and
La Concordia (14.7 and 13.7 females per human
pernightl, In 131, these villages showed similar
refative ubundances for these tvpes of collec-
tons; e, El Hetiro (9.0 and 284 lemales per
human per night), La Ceiba (2,6 and 0.8 females
per human per pight) aned La Concordia (1.5 and
1.6 females per human per night), In 18990 {or El
Plan, the numbers collected indoors (123 fe-
miales per human per night) were nod statisticalby
different than both outdoor collections (ontdior
T0and extradomicilinry 110 females per hiuman
per might, F = 00L345, df = 2, 6: P = 006) [n 199]
imcloar hltilrg cutched were lower (6.4 lemales
per human per night) than ootdooet (137 females
per human per night) and exteadomicilior col-

il Sm
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Fig. 2.
Jrereiay lemsales ot fonar '.|:||::|.:1-- in the [
Tapachuliy, Mextion {n = collected females)
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Jeretioms, bt did not dilfer significantly (F = 0051
dif =8, 12; P = (1L613], Maximum landing counts
were recorded before houses were spraved with
insecticide in December 19K} in El Retiro (18
fervales por human per night] and La Concoerdia
(3 females per hwman per night! and in January
1991 for ‘El Plan (20 females per human per
night} and. La Ceiba (2 females per human per
night.

Table 1.
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Biting Activity., The generalized pattern of
nightly host-secking activity was obitained Dy
plotting arcsine-transformed percentages ol total
11 Il‘l\i'llr.IIH.I‘ilIrrH Hipeiiegs collected |II||'|||],.’. 126 el
lection mights in the four villoges, The fndoor
agetivity evele wasanimodnd (Fig. 2A) with a mie-
i at 0100 hours, Numbers collected con
tinually increased during between 1900 b und
OMM B A siemila pratlbern wis obiserved] anteloo 4.
with the largest peak one hour earlioe at 2400
howrs (Fig: 283 In extradomicilary landing aned
animal  trap collections, hostsseeking was  hi
miodal with peaks botwesn 3100 and O L0 Boors
(Frg, 200 and at 19040 hours (g, 200, Congard
SO0NS WITong thiese [IRTTY [ratbitrns using e Ht:l
mogarov—smirmov test (Siegel 19580 indicated
that the pattern bor indoor activity was signifi
cuntly diffevent fronn patterns exhibltod in the
outdpor (I3 = 0571, P = 00011 and extradomieil
ry (f1 = 0643, P = 0.002) landing callections
atd horse-haited (12 (LE3T, P = 0AM)L) trap
SigniHeant  differences  were ol
fornd between patterns of peridomiciliory vor-
sus extradomiciliary (12 = 00429, P = (0,111 hast-
w-1.'-1-|».lll:|.{ acbhivity, hut versus the harse-haited frap
= (837, P 0L, The Kolmogorow-
Smirnov test also showed signilicant differences
tor extradomiciliary versus horse trap {13 = 0,786,
P 0.001) female activity,

Population  Age-Structure. During the twao
study vears, 35.2% of L40A: pseudoprnctipensis
females captured inside of houses in the Hrst
quitrter of the night (1800-2100 hours} were par-
ous, significantly less than 559.6% of 153 speci-
mens (Fisher's LS} test, £ < 0.05) captured in
the fourth quarter (0300-0600 hours) {Table L)
The same increase in the parity rate of host-

i la”q': rj||1n

Mumhers of A nopheles prendopanctipennis females collected, dizsseeted and peccentage parous from indoor

and ontdoar landing collections in fowr villages in the foothill: near Tapachula, Mexivo (a = 117 nights of collecting)

wor povpulation

Outdor popuiation

Ull!él::':ll:.' il leetiom Dosur b il o Na e, Y
b i it dissercteid Parons wanghe iligspotel Pitrous

1 1 H - 15000 28 a7 333 2% 24 LD
(R VBT ] ] LE 4 L] Hh el 1)

221 A 33 8 60 0 55 2l

Total 140 I§L 53 Mk |58 S

(853 21 AHE2E K e L 3.0 J7 Tl HLKL
2RO i | 5 444 126 Tl 4L

2A024: 000 o 17 43.0 1t Lk fELRL

Featml e | s inX Li2 15 AL

03 24001 Ky 1w i U 174 T 4441
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Tatul At ] o i2.6 §54 18T AR

LRE | ELA IR g M w5 an S0 131 15 4240
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Tl 153 * R0 260 ShE F.a

Titul K10 5 55,4 1.322 =15 LR



September 19594

Tahle 2.
Tonr siusdy villages
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Tutal mombiers, searonsl mreans = S for Aa. peeedopunetipennis calleeted by different meiliods from the

Hogrman

Sutaril

Yeui Ligsli et Light trapn® Heorse frap Hiviise rr1r||-|1,rr et Pt e | be st

1HakH " 2R Al 2 129 i -
1Tax 40 23 =15 A 33 12,3 = 37 6.3 = 61,7

15t " 1.731 '] 2807 ul HH ] .26
3482 1 =kl Me TR 0T =42 LAT = S 1345 £ 3058

Testuln " 3,700 113 BATH

220 341 (R

"o ombined dndoor, ooddoose, and esersdomaciliany ool lections {Bomales mondnighttssason
S Ctmbinea] isdior el cotdoor UN spedidb teape e stoags i ghitseason]

C Females e sgight per season
* Females prer village per season

secking females was not observed for females
callected outside houses,

survivorship was estimated for females col-
lected at Bl Retivo and E1 Plan from January to
Murch, To 1890, daily survivorship ranged from
0.73 Lo 0075 for the two villages including indoor
and ontdoor collections, greater than determined
fn 1991 {(LG2 to O0.75) Owverall, the theoretical
percentuge ol indoor biting females surviving 9 d
te complete sporogony of the malaria pamsite
snccesstfully was low in El Retiro and El Plan for
both vears; 19, 5.9% (o = 99) and 7.5% (n =
943, and 1991, G.9% (i = 53) and 3.1% (n = T1),
respectively. Percentages of outdoor females sur-
viving were 7.5% (n = 144) and 7.5% {(n = 60) for
these villages in 1990 and 1115 (n = 79) and
1.4% (n = 168), in 1981, Based on these samples,
a significant reduction in survival by the insecti-
cide spraving wis only noticed for the outdoor
population in El Plan; ie., 0.75 (1850) to 0.62
(1991) (y* = 3.92,d( = 1, P = 0.048).

Trapping Methad Comparison. The relative at-
tractiveness of humans (in different environmen-
tal settings) versus horses in stable traps and UV
light traps to A, pseudopunctipeninis females was
compared during 286 nights in the four villages.
The harse-baited trap produced the highest
vatchies (5476 females! (Table 2) with seasonal
means of §9.3 {229.3) and 30.0 (= 18.3) females
per night in 1980 and 1991, respectively, fol-
lowed by human landing captures, 3,799 [17.3
(+4.0vand 8.2 (5.2} females per night], and UV
up-draft traps, 113 12.3 (£1.3) and 1.0 (=0.1) fe-
miles per light trapl. Transformed data [In (X +
1] showed a signilicant effectiveness of horse
trap versus human catehes and ap-dreaft UV Tight
traps for this vectar species (F = 34.58; df = 2,
11; P = 0.0001), Pit shelters were the best of the
resting collection method tested. Pit shelters
produced 1,208 females (324.5 [2335.2] females
per village) only in the 1991 dry season, whereas
natural shelters and houses produced 341 (76,3
[£63.7] and 33.7 | £50.6] fermales per village per
senson) and 220 (42,3 [£36.7] and 29.7 [=42.1]
females per village per season) A, preudopunc-
tpennds fomales for the 2 vr (Table 2). Seasonal
means ol females collected by pit shelters were

significantly greater than the remaining collee-
tion strategivs in 1991 (F = 4 456, df = 5, I8, P <
00011 In paired collections of A, psewdopecti-
pendis landing on the human host, indoors col-
lections aecounted For 21.7% (824 femules) of the
total sumber captured. Collections eonducted
outside, near howses, accounted for anolher
35.5% (1,349, and collections ol the extradomi-
ciliary site accounted for the remaininge 42.5%
(1,626).

C5-Protein Rates, OF 9,386 head-thoraces of A,
prendopunctipennis assaved lor the presence of
P pivax four specimens {positivity rate of 0.04%)
were positive for VE210 and six (0.06%) were
positive for the YE247 C8 protein, The overnll
infection rate for both G5 proteins was 010,
Combined P, viver CS-proteins aceounted For
positive rates in 1990 of 0.12% for Bl Plan and
0.04% at El Retiro {Table 3), whereas combined
rates in 1991 where 0,119 for El Plan, and 0.23%%
in El Hetiro. Mo specimens collected at La Ceiba
or La Concordia were positdve for P vivax C5
proteins,

OF the VEZLD positive spechmens, one was
captured in El Retiro during 1990 (0049, two
(0.08%%) in 1991, and one (rom El Plan (045%) in
189491, Three of these positive females were from
the horse-baited trap and one was from a pit-
shelter collection. Of the six VR247 positive
specimens, four ((L17%) were from El Retito {in
19910 and two were from Bl Plan one (0012%) in
1990 and 1 (0.05%) in 1991, Twa of the positive
specimens were from horse-baited traps and Four
were from pit shelter collections,

Dseussion

Anopheles pseudopunetipennis populations in
the Tapachula area and throoghout the malaria
endemic countries of the Andean Begion and
Central America (Shannon 1930, Hackett 1943)
are more abundant during dey senson conditions
encountered in mountain and foothill habsitats
abiove 200 m. Peak abundance is associated with
peals formed in doving viver heds {Hackett 1945,
Savage et al. 1980),
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results  provide  additional  evidence that AL
paeutdomnctipennis is o vector of P vivax in the
foothill areas of southerm Mexico. After Warren
el nl, {1980) could not infect labomtorn-reared A,
psendopunetipennis with Po vivax or P, fuleip
arvnt, silivary gland sporozoite infection rates of
6% (3 ot of 117) have been reported in Pori
(Mayves et al. 1987 and VK210 CS protein rites of
0-3.16% (detected using ELISA) has been re-
powted 10 aorthwest Mesico (Loyola et al, 1991)
Second, our results provide the Bt evidenee
it thie VK247 P, vivay allele i present in a
Maoxican vector and verihes its presenee in Mex-
itn, This finding supports the results of Kain et
al. {18821 who found 3 out of 6 patients from the
loathill region to be positive for the VE247 poly-
morph, The VK247 was fiest isoluted in Thatlind
(Roseoberg et al, VOS9 and antibody o the €8
protein VE247T allele also has been reported in
Brozil (Cochrane et al, TS and in A, oswaldod
(Pervassu) from Pern (Need et al 1953)
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