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INNATE HOST SELECTION IN ANOPHELES VESTITIPENNILS FROM
SOUTHERN MEXICO

ARMANDO ULLOA, JUAN | ARREDONDO-JIMENEZ, MARIO H RODRIGUEZ!
ILDEFONSCY FERNANDEL-SALAS adn LILTA GORZALBL-CERON

ABSTHACT, We nssessed the degree of host speciiicity of the purporeed anthropophilic and soophilic pop
iliations of Anoplicles veafiipeann, A senes of eaperments wore conducted inoan experimental bat withe 3
comparinents loed with avlon geming A centeal elease compurtment and 2 side compietments were el
baited with equivalent surfoce srea of lman and anemal baits, Wilkd e sestiipennty collectecd on each host,
asowell ux corresponding Fomosguinoes, werne relegsed by the centrml compattment. Ohverall, 229% (16 248) of
all mussgquiteses collected on b were recaptored in the human compartment, whereas 23% ol mosguines
origanally collected on amimals were secipiunsd in this companment. Experiments with B, femules cesulied in
5905 human xelection ek, o 26 limes merease compared with wikl anthropophilic females, while o 1.2 tmes
leviense i b selection rotes (lnn 249 1 2060 wan observed in 15 of wild woophilic femiles, Host-
seloction experiments in the Lacanddn Forest reveated the same teend. These findinga auggested thit the complex
monde of inheritance that resulied i female mosqaees showing o stronger fendency o returm. toctheir preferred
Dot e alvscared By e noture of tie method of collection, e, wild parental females selecting o bost elther
innmtely or opporiumstically, the majory of which were likely wmaiely arocted, This was revealed by [
leminles, of wineh, when given the chonee oo aelect o host, o higher propartion opted for thee preferred one, The
rewilts presenied here ore in sccordonce with other studics thor ideatified o subpapulaton of An. vestitpenmis

1 s e Mexleo with agher antloopophils
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INTRODUCTION

Anopdteles (Anopheles) vestinpenmy Dvar oand
Knab s distributed throughowt Central Aanerica
[Vurgas 19538, Belkin ot al. 1970 and has been in-
eriminated as a malaria vector in the Lacanddn For-
esl, southern Mexsico (Loyola e al, 1991, Arredon-
do-liménez 1995, Guutemula (Padilla et al. 1992,
mnd Belize: (Achee e al, 20000, Swidies using 1so-
enzyine analysis and hiting behavior (Amedondo-
Jiméner g1 al. 1996, ez ornameéntation {Rodrigues
et al. 1999, and pene markers (Marinez JI01, Mu-
rillo-Sancher 20017 revealed the existence of two
symipatric populations with different host prefer-
ences in Chiapds, Mexico,

Murk—recaplure studics on the propensity of fe-
male An, vestiipennis W return to the same blood
haost, either human or anmal, indicated more than
e of mosquitoes returmed o the ongingl host
type from which they were initially collected (Ulos
et ol 2002 ). Because i1 was not possible (o identify
previous bload meal hosts and the effect of host
availability, it was nol possible o establish the level
ol host specificity in these purported anthropophilic
and zoophilic populations. In the corrent siudy, we
apgmpled (o dimmish the effect of these 2 vanables
by carrying ool g series of expenments inoan ex-
perimental hut where the surface area of human and
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ariml baits were equivalent and the previous feed-
ing history was controlled by using Feral An ves-
ritepetrnty that initially selected human or pnimal
bies andd thieir F, descendunts

MATERIALS AND METHODS
Study area

The stody was curried out in 2 areas of Chiapas,
Mexico: 1) the Pacilic Ocean Coastal Plain located
it southern Chiapas. The climute is hot subbummicl
LAw, of Garcia 1973). with a wel season extending
from May through October. The selected village.
Nueva Independencia (14737 30N, 927 16" 14"W; el-
evation 50 mj, with a population of 112 living in
23 households, has a high prevalence of An. vesti-
fpennis, where the vegetation surrounding the vil-
lige are muostly crops {mango, banana, and corn)
arnd cattle pastures, varnous forested, and Aooded
mll grass patches, favorable for An, vestitipannis
populations (Rejmankova et al. 1998), remain: 21
the Lacanddn Forest located in northeastern Chia-
pas, in an ares of rolling kills. The climate is hot
and homid with (Amif) of Gureia 19730, an area of
recent intense deforestation for cattle pastures (Ar-
redondo-Jimdner | 995), Over the last 20 yedrs, the
area hos been among the most highly malarious in
Mexico, The test village, Benemérito de fas Amér-
cas (163 108N, 90°39°02"W: elevation 150 my,
has a population of 2570 hiving in 740 households
and s situnted nest to the border with Guatemala,
High provalences of A vestitipenndis and other
anophehnes bove beon reported (Loyola et ul, 19491,
Amedondo-Junénes 1995)

Both areas were clearly  differennnted by the
avaiiability and Jocation ol domesticated animals,
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Although fewer cows are raased i the coastal plain,
they votinely were put overmight in animal shel-
ters, normally located next 1o villages, comparned
with the Lacundin Forest, where animals remained
in the open held overnight, far from human settle-
mentss Horses and pigs, however, remned next o
Tanin dwellings in both areas.

Huost selection experiments

Three series of experiments were conducted in a
o o4 W Rem experimental hut, buily in both wvil-
liges with split bumboo pale walls and o palm
thutch rood and situated 8O0 m ouwside the village
Experiment 1 owas carmed o only in Nueva Inde-
pendencin, while experiments 2 and 3 were carried
vt i Bl sty villuges (see beliow)

Lo Wild fermales, wacomparimentalized e Unp-
fed mosquioes were collected on human volunicers
and on horse bait between TRO0 and 2200 h, Mos-
yuitoes were dusted with Duorescent powder (-
mogen”, BASE Hallund, M) of differem color ae-
cording 1w the bait used for collecoon. Marked
iwsguitoes were released w2230 honside the ex-
perimiental hut comtaining 2 humin volunteers and
1 tethered horse and recoptored the  following
marning a1 U500 b, Blood-engorged  mosguitoes
wiere souashed omo Whotman Mo, 2 filier paper and
Liter assaved in o ostandordized enevme-linked -
munosorbenl  assay (ELISA)Y est (Lovela er ol
194900 1o sdentily the source of the blood meal

20 Wild feamades, compartmentalized huar: Unfed
mosquitoes werd collecied on human volunteers
and horse, cow. or pig baits between 1800 and
2200 h, Females were tuken o the experimental
ht, dusted with Auorescent powder (different for
euch bait type). and releasad. This time, the hul wis
divided into 2 companments. each lined inside with
fine-miesh netting {Arredondo-Jiméner et al. 19925,
The gide compartments were connected 10 a Central
toonn, where moasquitoes were released by a funnel-
like opening (2-cm diameter, from the floor 1o the
upper lining of the net), The small size of the open:
ing limited the return of mosquitoes 1o the central
chamber after movement into g side toom. In sep-
ardte experiments, the side compartiments were oc-
cupied by 2 human volunteers and either | horse,
I cow, or 2 pigs, ol with equivalent surface areas
Body surface ares (BSA} was calculated by the for
mula: BSA (m') = (lheight {em) * weishnl
A0 (Mosteller 1987), The 2 human volunieers
weighed 72 and 79 kp and had heights of 170 and
72 em. respectively: resuling surface arcas were
185 and 1,94 m, wotaling 3.79 m°, The same for-
mulin was used 1o approximate the body surface
area Tor thie test animals: call, with @ height 1w the
eross of 142 om oand 363 kg of weight, resulted in
378 m® BEA; mps, with o height of 110 cm and
A0 cmound pespective weights of 113 and 90 kg,
resulted in surfoces arcas of 185 mf and 1.5 m'.
totaling 335 m?

In each experiment, hosts were placed in the ex-
perimental Bt at 1900 b, and miosgintoes wers re-
leased in the central compartment al 1930 1, Muos-
quitees were recaptured  inoall compartments ul
0500 b Host selection was assessed by recording
the number of mosquitoes selecting cach comprn-
ment. This was possible becuuse, Inoa sample of
msguintoes assayed for BLISA bloodmeal wdentin-
cation, only 2% (31500 moved among compart-
s

A Femades, compartenentalized Gl Mosgui-
ettt selected emher host on the experimental bl
were fed to repletion on the sime host type ey
selected and tiken woan isectary, where they were
allowed (about 900 were dlready blood enporged)
on the same host type they selected and allowed 1o
develop eges und oviposit. The resulting F, larvae
were reared woadules e 28°C and J0% rélutive hu-
iy, F, females were dusted  with Duorescent
powder, one color per each bost type, and relensed
i the compartmentalized expermental hut, Exper-
iments were further conducted as ln experiment 2,

It analysis

Differences between the proportions of mosgui-
toes attracted o and fed upon hwman or anmal
baits and bepween those recaptured (o eoch com-
partment were annlyeed using chi-square tesis with
comtinuity correction (Zar 199493,

RESULTS

Faor the experiment using wild-caught females in
the hut without compartments, a ol of 247 and
|58 mosquitoes were collected on human and horse
baits. respectively. and were released in the lau
without compartments. According to the bloodimeal
analysis, 30% (73247 of mosguitoes originally
collected on human bait contained humin Blood.
Similarly, 27% (42/158) of mosquitoes oniginally
collected on horse bail contiined human blood, the
comparison bemng not stabistically significant (Tuble
I

Similar not stansocally sigmificant resulis woere
abtained in experiments using the compartmental-
ired hut. In the first experiment. 25% (65/259) of
mosguitoes orginally collected on human bait and
A5 (#4273 of mosguitoes oneinolly collected on
hotse bait selected human (Table 2), [0 the second
expeniment, |3% (35/228) of mosquiloes originally
collected on humans and 165 (774781 ol mosgui-
toes ongmally collected onocows were recuptured
in the human comparoment (x* = Q029 df = |, P
= (.86, In the third experiment, 25% (66/261 ) and
325 (63194 of mosguitocs origimally collected on
hunans and pigs, respectively, were recaptured in
the human compartment. Overall, 22% ( 166/748) of
all mosquitoes collected an humans were recap-
tured in the human compartment, whereas 245 af



[decmmns 2EL

PRATE Host SELFCTION 18 ASORNELES VESTTIIP RN NIE

Ay

Table |

Howt tidelity of wild-caught Temuales of Anophieles vestipensis released in the noncompartment |eed hut,

s tdererimined by blisdineal ELISA tests in Mueva Independencia, Chinpas.

Sumbse Kecaptured on Recaptured on
Carganal Dva releaved Hurman Animal o
Huitsn 2a? FENR 17 70 Y= 0280,dl = |, P =4)503
Huwrse 154 A2 (2T%) 106 {7 3%

mosguitoes orlginndly collected on ammals were re-
captured e this compariment (Table 2)

I contrast, for the test using F femules. in the
first experiment, human vs. horse, the proponion of
Fyomosgquitoes frome wild anthropophilic females
e selecied the human comparment significantly
inerensed, 2.7 tmes, e, rom 25% o 7% (174/
20dby, while the proportion of T, mesguities from
wild goophilic (horse) Temale mosguitoes that se-
lected the hmnn compartmen) was 1495 (25/179),
o 22 times decrease with respect 1w that of parental
lemales (315 (Table 23, In the second experiment,
b vy, cow, 55% (1 TOA200 of F mosguitoes
fronns wild anthropophilic females chose the human
coumprrtment, corresponding o g 3.7 tmes inerease
with respect to that of parental female mosguitoes
CESTEL In contrast, 219% (SOF240) of F| mosguitoes
fronm wild coophilic (cow) femules collected in the
cow compariment chose human, corresponding o
a LA times inerease in relalion to parcntal females
C16%0, but this was not sutistically significant. In
the lied experiment, human vs. pig, 54% (104/193)
of Fomosquitoes from wild anthropophilic females
chigse the human companment, comesponding o a
slatistically significant 29% increase in relition o
parental females (23% ) while 28% (29/102) of F
masquitoes from wild zoophilic (pig) females col-
lected in the pig compartiment chose the human,
corresponding toa decrease of only 4% in relation

Tabie 2

o the parental females 132% ) Finally, pooled dat,
e, human vs animal, indieated that human sele-
ton mtes of Foomosgquitoes rom wild anthropo-
philic females significantly increpsed 2.6 thnes
(from 229% 1o 5990 while o 1.2 times decrease in
homan selection sites (From 24% to 2090 was ob-
served in Foof wild soophilic femules

Simidar results were obtained in the host-selec-
ton eaperiments o the Lacandon Forest using wild
females released in the compartmentilized experd-
mental hut (Table 3), Thirty-eight percen { 154/405)
ol mosguitoes orginally collected on homan buait
and 4T (2755860 of moaquitoes first collected nn
haae bait, respectively, preferred the human com-
partment, o ligure statistically significant, When F,
progeny  from the human compartment  feimales
were reledsed, 66% (1727261 ) selected human, cor-
responding (o a significant 28% increase in eelation
to parental females (38%), while o 29% of F| de-
scendants of females trom the horse compuriment
selected human, comesponding 1o o signiticant de-
crense of LB in relution to parental fermales (7% ),

DISCUSSION
The experiments conducted in the experimentid
hut wath feral As vestitipennty gave no indication
of any host preference of either mosguite groups
originally collected on human or animal balts, This

Faithfulness of wild-caught female Amopfefes vespitipenmir anxd resuliing F progenies relensed in the

experimental hul where human or animal host were set o the side comparments of an experimental but in Mueya

Independencia, Chinpus.
Muimibser Becaptured on Recapiured on

Experimen Original host released human animal Statistics

2 Human 59 65 (255) 124 (7550 =LAt = 1L P = 0073
Horse 273 84 (31%) 189 (695) o
Humun 218 a5 (15%) P9I (83%) F=0029d4F =1, P = L86
Critwn 476 TT16%) 304 (B
Hurman 261 66 (25%) 195 (73%) =248 0t = . P=101]
Pie 144 63 (32%) 131 (68%)

Choeeall Humzn Ta8 166 (2245 582 178%) ¥ =048% df = |, P = 048
Anmal pER 224 (4% 719 (T6%)

3 F,-humun 320 176 (35%) ldd (45%) Y= 86872 f = 1, &= 0,000
F-comws 240 SO (21 %) 19 (74 Y= 2.06df =1, P =I5
IF,-human 21 174 (675% B (33%) Y= 8O dif = 1,2 = 0N
I, lvorse 179 25 (147%) 154 (565 =577 dF = I, =0,
H-hurman 193 10 (545 KO (265 ¥ =338 o = 1, P = 1)K
- pige 162 20 (285 T3472%) =033 df = 1, P =050

Everall F -himan 773 454 (595 I Al y' o= 20E6E Jf = 1, P o= 0,001
T - animal 521 10§ 20005 b 417 iBi¥E:) = 286, = |, P = {109

Compart soms e with nespec 1o lagtan bosd selection, cither F ve. Foor Boss F, o mamgquitoes,
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Faithfulness of wild-collected female Anopheles vestitipeanis resulting B, progenies relensed in the

experimentsl lun where human of animal hosts were set in the side compartmsents in the Loconddan Foreag, Chiapies,

Faper- Mumber Recupiured on Recapiured on
e i Cheapinnl st released humuin anibmal Statistics'
2 Haunman a015 154 (385 250 62%) ¥ o= T3NS I #* = LI
Florse SHG 275 (47%) 1h) ¢53%)
i T -hman 2l 172 (%) B9 (M%) v o= 4R34, r by = DL00KR
Fl-horee 156 4% (0% PO %) i 1569, ol Lot = UL

Crompunsons made with respoct 10 uman hast selecoon, coler

Wils in opposition W the results we obtained in pre-
vivus mark-recapiure studies, where feral As. ves-
ftpernds preferentinlly retumed 1o the same host
type oo which they were collected aller releasing
(Ulloa et al. 2002). In the but experiments, we al-
tempted (o balance the host antraction by offering
1o the mosguitoes eguivalent body surface area of
I wod animud baits, However, it is possible thi
the wmount and type of chemical attractants differed
among hosts (Constanting et al, 2000) and that ae-
trnctien equoivalency was not achieved  (Gillies
18R,

Chin the other huand, the mosquitees released in the
experimental hut had a purponed host preference
identificd by the host on which they were oniginally
collected in the feld, but host availability could no
be controlled, Le. wild parental females selecting
a hest either innuately or opportunistically, This re-
sulted in a mixtore of individoals with different pre-
vious feeding history, but perhaps the majonty of
which were more likely to be innamely attracted.
This. was revealed by F, females, showing an in-
creased tendency o return to the same host tvpe on
which their mother was recaptured, and that these
preferences were inherited. Further selection stud-
ies are warranted (o investigate the possibilisy of
abtaining an An. vesttipenniy population with high
preference Tor humans, as has been done after o few
generations with An. gamfies Giles (Giflies 1954),

These findings suggesied that the complex mode
of inheritance that résulted in Temale mosquitoes
showing a stronger tendency 10 returm w0 their pre-
[erred host was obscured by the nature of the meth-
od of collection. Previous generations of A ves-
fifipennly mesguitioes were exposed, first at random
to new hosts, such ag humans in the new world
{ubout LMY vears ago). When humans became
sedentary {ca. B0 yvears ago), mosguitoes were
exposed to a blood source tha did not move and
were selected alter repeated and sustained contact
with humans, perhaps because they were almost the
only large mmmal (sedentaryy host available until
the Spuniards armived n Central Amernica, with
cows and horses only about 500 years ago. MNev-
ertheless, those mosguitoes pol in close contact
with humans remained mainly 2oophilic. Also, An.
veRiiiprennis, a8 most anophelines, display oppor-
tumistic Blood leeding behavior and. when given the

Fyw b, o0 F,va. F
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chance, they readily contact alternative animal
hosts {Arredondo-Jiménes 1995)

The results presentecd heee are i accordanee with
others { Arredondo-Jiménes et ul, 1996, Rodrigues
e al 1999, Murillo-Stnches 200000 it couldd iden-
Lty o subpopulation of Ane veshitipennis in southerm
Mexico with higher anthropophily, Theoreticul
modets indicate that ponrandom host choice by
mosguitoes i controst with opportunist  behovior
ean have important gquantitative and qualitative ef
fects on the dynamics of malaria infection {King-
sobver 1987 Although An, vessitipernds hos been
incrimmingted 63 o secondary malarin vector in
southern Mexico (Loyola et al, 1991, Arvedondo-
Jimener 1995) and Cuntemiala (Padilla et al. 1992),
it would be expected that the existence of o subset
of the population with better tmste for humans (ie.,
anthropophilict would make this species a more im-
portant vector in the region. This appirent contrs-
diction could be expluined by the opportunistic be-
havior of the species, along with other Factors
ivectors suscepubility, seasonality, human tigra-
ten) conditioning unstable malaria transmission in
the region {Rodriguez and Loyoli 1989).

ACKNOWLEDGMENTS

The authors wish w acknowledsze field techni-
ciuns Elearar Pérez, Oscar Reves, Pedro Gurela and
lab wechmician Olga Palomeque for their _invuluab]c
participation, This project was partially funded by
grant STRBENChis (02-(4)5.

REFERENCES CITEDR

Achee NL. Korves CT, Bangs M1, Repnunkovy B, Lage
8. Curtin 1, Lenarcs H, Alonzo Y, Andre RG, Roberts
DR. 2000, Masmadmm vivar polymorphs and Pl
madinm  falciparim  clrcumsporozoite proteins in
Anopheles (Diptera: Culicidag) from Belize, Central
Amenca,  Vecror Ecod 23:203-2( |,

Arredondo-Jimenee 11 1995, Comparative sealogy of al-
iopatric populations of Asopiefes vearitipenniy (Dip-
tera: Culichdae ) PhD dissertation, Uiniversity of Calj-
formm, Daves

Arredondo-Jimenes J1L, Bown DN, Rodeigues MH, Villar
real O, Lovola EG, Frederickson CE. 1992 Texts [or
the extatence of genetic deferminating o conditiomning
in host sebection by Anagtedes atbimanus (Dplem: Co-
licidae ). J Med Enrornol 298940 -8497,



PIecesmig 2006

InRATE HOoRY SELECTION I8 ANOPNELES VESTTTIPESNIT RET

Arredondo-Hmdnes I, Gonnig J. Bodguer MH. Washi-
po R 1990, Genelic differences among Anopheles
vektitipenmis subpopulations collected using different
methols in Chinpas State, southern México. § Am Moy
Conteed Axwoe 120300401,

Helkin TN, Heinemann 1, Page WA, 1970 The Culicidee
ol Jamumco, Contetls Ame Entoeel Bexe (A Arbr) b ) -
45K,

Consthntin C, Barket MA, Giabson G, Zcsmann ), Sugnon
KE Mohsmmed HA, Coleai M, Pleken JA 20600
Flecuoantennogism mnd behaviourul respionses of the
mnlaria vector Amopheles gambiee 1o humom-specific
sweil compinents, Med Vet Ersomad 152592266,

Crarcin B 1973 Maodificaciones af vivtemide clasifaacivn
etipetica e Koppese Instituto de Geografia, Univers-
dand Nowiomal Aandnoma de Mewco (URAM)

Chillies M 1964, Selection Gup host preference in Aseph-
oo parmdeicie. Notwee 203, 852,

Ciallies MT T9ER. Anophieling mosgquitoes vector behavios
dnd Biononics, Tn: Wernsdorfer WH, MoGiregor 1. els.
Malerra. Edinburgh: Churchill and  Living-stone. p
A5 AH5

Kingsolver KCL 1987 Mosguno et choice and the epa-
demivlogy ol malaen, Ame Nar THERL-527,

Lovolh G, Acredonido J1 Bodoguer MH, Bown S0,
Yaca MA, 19 Anopheley vestinipesiis, the probahle
vector of Plaveediven vivan in he Lacandon Forest of
Chigpas, Mexico, Trans Koy Soc Trop Med Hyg 85
[T 174

Loyols EG, Rodripoer MH. Gonenler L. Ammedondo-
Jimnenee J1, Bown DN, Vaca MA. 159R) Effoct of indoor
resaclund spriyimg of DO und bendiocarh on the feed-
ing of Anaphieles piesdopunefipennis in México, J Am
Muaxg Canprdl Axson BA35-640

Martines ME. 2000, Andlisis de poblaciones sooiilicas v
amropofibcas de Ancpfieles (Anopdieles) vessitipessnis

(Dptera; Cubicidae), B.S. thesis, Universidngd Autdnoe
ma e Chinpas, Tapachula, Chiopas.

Mosteller RO, 1987 Simplified caleulation of body <o
face nren. N Engl J Med 31701098,

Murillo-Sdnches MH. 2001 Variabilicdad gendtion de sub-
potlaciones de Asopheles vessitipennty (DiptorgCulic-
it mediante el uso de RAPD-PCR MS. thesis, Uiy
ershdid Avtdnoma de Muevo Leon, Monterrey, Méxive,

Paililla ¥, Muolinn P Judrer J, Bown D, Corddn-Rosnles
1992, Potential malaria vedtors an porchern Caagre-
maba. S Am Moxg Conteol Axvoe 8:307-308, )

Repmankova B Pope KO) Roberts DR, Lege MO, Andre
. Cirelco §, Alonge Y. 1998 Churscterieation and de-
toction of Anogrtiede s veatitipennty and Anoghetes fpome
siemaondar (Dipreny Culicidaer lorval hubics in Beliae
with field survey and SPOT satelline imagery, J Veotor
Ecod 23,7487

Remdrigues ME, Chaver B, Hermidndes-Avila JE, Ocozeo
AL Amedondo-liménee T0 1999 Deseription amd mor-
phiometric analysis of the eggs ol Anophelesd {Anoplie-
ey weatitipenms (Dhiptern: Cullcidae) Frorm southiern
Mexico. J Med Enromaol e TR-KT,

Roadrigues M, Loyoln B [98% Stucion epcleniolagicn
petual v perspectivas de L investigheion entomoldgica
el paludismo an México, In MWemorlas del TV Sim
peoties Magcaonad de Entomologia Mediea v Veterinavi
Chpntepee, Mor, Mévco, Soctedad Mexicana e Enie
melingra oL S-40,

Lilloa A, Arredondo-Jiménee J1, Rodrigues M, Ferndin-
der-Sulas | 2002 Mork—recapture studies of [ost e
lection by Asophieled cextitipenns. § Am Miosg Contend
Avso 18 32-35

Wargos 1. 1958 Muevos datos sobee o distribucidn de
anofelmos mexwanos: Hol Epidemiol 123336,

Zar, LoH. 1999, Risestatisticsl analyviis, 4t ed. Bngle-
wisad Chiffs; NI Prentive-Hall



