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HOST SELECTION PATTERNS OF ANOPHELES
PSEUDOPUNCTIPENNIS UNDER INSECTICIDE SPRAYING
SITUATIONS IN SOUTHERN MEXICO

ILDEFONSO FERNANDEZ-SALAS, - DOMALD R, ROBERTS,'
MARIO HENRY RODRIGUEZ MARIA DEL CARMEN RODRIGUEZ? alp
CARLOS F. MARINA-FERNANDEX!

ABSTRACT. Studics of host selection patterns of Amopdaefey prepdapunctipenns were conducted in
villages in Toothills near Tapachuln, Mexico, Based on 2 years of collechons, 538 and B 1% of all
engorged females resting inside houses were found 1o contain human blood. Estimaes of weighted and
unwieighted human blood indices, including data from outdoor resting collections, vaned from 2%.5 (o
54.7%, Humans and dops were the more common blaod sources for all As. paewdiprenctipennis nosduitoes,
aceounting for 96% of blood meals tested, Results of analvies of host preference through estimates of
forage ratios (FRs) indicated than the large numbers of blood meals from humans and dogs were mors
reflective of host availabilny than host preference. An FR of less than | indicated that, in terms ol host
pvailatality, proportionately fewer Aa, prevdopunctipenns females fed on humeans than other large animal
hosts: In contrast, FRe of 1520 and 5-7 revealed strong selective biases for horses and pigs a8 sources
of Blaedd meads, respectively, The proporton of outdoar-resting, blood-engorged females containing human
blood declined markedly after houses were spraved with DT, This response (o hoose spraving (s atirboted

1o an excito-repellency effect of DT,

INTRODUCTION

Information on the feeding patterns of arthro-
podd wectors 15 imporant e medical entomolo-
gists and cpidemiologists for undersianding host—
vector relationships and the dvnamics of disease
rransmission. Host selection patterns of malana
vectors have been quantified by the relative fre-
quency of blood from different host types in sam-
ples of engorged mosquitees by place fa locality
or biotopeyand time (Boreham and Garreit-Jones
1973}, Within this framework, the human blood
index (HBD is defined as the propontion of fresh-
1y engorged anophelines found 1o contain human
blood (World Health Organization 1963, Gar-
rett-Jones 1964, Garrett-Jones and Shidrawi
1969), This index is an important component of
vectorial capacity (Garreti-Jones and Shidrawa
1969 and is wselul Tor epidemiological assess-
ments of malara contrel program effectiveness
(Crarrett-Jfones 1964),

Included 1n this report are results of studies;
conducted in southern Mexico, on the host se-
lection patierns of Anopheles pseudopunctipennis
Theobald, a primary vector of malaria in the area
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(Rodngues and Lovola |989). Because the vil-
tages are irregularly spraved with insceticides by
the Mational Malana Control Program, data in-
cluded host selection patterns under negligible
(1990) and more mtensive cffects (1991) of re-
sidual insecticide indoor sprayving.

MATERIALS AND METHODS

Descriprion of study sites: The swudy arca 1s
located in the foothills of El Soconusco on the
western Pacific slope of the Sierra Mountains of
Chiapas in southern Mexico near Tapachula. The
climate in this area 15 ropical with distinct wet
iMay-November) and dry {Deécember-April)
SEES0Ns.

The foothills comprise an area of rugged to-
pography where raising coffee is the pnimary ag-
rcultural activity, The many small villages scat-
tered throughout the foothills provide the labor
pool for manually cultivating this crop. Dogs.
cats. pigs. and chickens are common in the vil-
lages, and cows and horses are scarce.

Four viliages, at elevations of 400-650 m and
separated by an average of 3.5 km, woere seleoted
as sites for the study, Two villages. Bl Retiro and
El Plan. were chosen for their high mosguito
densities, and 2, La Ceiha and La Concaordia, for
low mosguito densities {( Fernandez-Salas 19924,
The number of people per village was 341 in El
Retiro, 446 in El Plan, 236 in La Ceiba, and 240
in La Concordia. All 4 wvillages are lecaled in
similar ecological settings along the Coatan Riv-
er. This river is the most important dry season
breeding site of An. prewdopunctipernns (Ferndn-
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dey-Salas 1 992 A census ol animal populanons
wins comducted noeach village,

Favecticiede treatmenty; The Mational Malaria
Control Program in Chiapas State routinely ap-
phes insecticides (o house walls in the maiana-
endemic villages. In the foothills, DXXT s spraved
at B-month intervals in villages where more than
5 malana cases are detected by passive surveil-
lance. Bendiocarb s used i the outhbreak seems
tor o i haveard (o surrounchimg villages, Dunng
the 2 vears of the study, bendiocarh (0.4 g Al
m? ) was sprayed an the 4 stoudy villages in Sep-
tember 1989 and again in May 1990, DT (2 g
AlL/m?) was sprayed between Inte January and
carly February 1991,

Freld coffections: During 1990, resting collec-
tions were conducted from mid-January 1o May.
Each village was sampled during one week each
month, Every other momaing, a team of 4 people
searched a minimum of 10 hovses during 2 h, A
different |0 houses per village were sampled dur-
ing cach day of collecting. A thorough exami-
nation was made of walls, cracks, and furniture
using flashliphts and mouth aspirators o spot
and caplure resting mosquitocs, On alternate
days, sheliers surrounding the human dwellings,
such as chicken houses, coffee plants, orchards,
eround depressions, rock piles, latnnes, elc. were
scarched for resting adult anophelines during 2
h. Captured specimens were held in pint card-
bBoard containers and taken to the laboratory
where they were sorted by sex and classified as
fed, unfed, or gravid. The abdomens of {reshly
fed females were smeared onto Whatman No. 2
hlter paper. The papers werns then dred, wrapped
with glassine paper, and stored a1t 4°C until pro-
cessed for blood meal identification at the ¢nd
of the stody,

The same procedures of indoor and outdoor
collections of resting mosguitoes were continued
duning the dry season of 1991 {December 1990-
Mav 1991}, Additionally, in an attempt to in-
crease the sample size of bloodicd mosguitoes,
015 = 1.2 = L.0-m pit shelters were dug in
each of the 4 wvillages: they were uncovered and
located im the backvards of some houses and in
the center of some neighboring coffee planta-
tions. A separate weam of collectors searched the
pi_Is for resting anophelines each morming during
weekdays,

Biood meal identification: An indirect ELISA

* Fernandes-Salas. 1. 1992, Bionomicsofa pnmary
malania veclor, Anopheles preudopunctipenns, in the
Tapachuln foothill area of southern Mexico, Ph.Dy, dis-
sertation, Uniformed Secvices Umversity of the Health
Scicnces, Bethesda, ME

described by Bewer e al, (1988) and modificed by
Laoyola et al. {1990) was used to identify the blood
meals smeared on iler papers. The samples were
cluted overnight at 4°C wath 200 ul of a phos-
phate buffer saline solution (PRS, pH 7.2). Five
milliliters ofcach eluted sample were placed with
S0 ul of couting buffor (sodium bicarbonate 35
mM, pH %.6) in & wells of g polystyrene micro-
tter plate (Dvnatech Laborntories, Inc., Alex-
andria, VA) and incubated for one hour ol room
temperature. Afler blocking unreacted sites with
2.5% dry skimmed matk in 7.2 pH PBS for |
hour, the wells were sereened against a bank of
antibodies (Sigma Chemical Co., St Lowis, MO
for adentifying blood from human, horse, dog,
g, or chicken; this was [ollowed by horseradish
peroxidase-conjugnied goat serum anti-rabhbit
g6, Color was developed using 2,2 -azino-bisd -
cthylbenz-thiaraline-6sulfonic acid) (ABTS)
{Kirkegaard and Perry Laboratories Inc,, Gaith-
ershurg, MID) as a substrate. Bood samples of
the same host species were dried an filter paper
and used during tests as posilive controls, A Lest
wias positive when its absorbance value was high-
er than 2 times the mean of 5 negative controls
(conststing af male and unfed female An. peen-
dopurctipennis mosquitoes), Mixed blood meals
represented 2 or more different hosts,

Dare analysiss Two measurements of A
peewdopunctipenms  bloodfeeding  habits  were
caleulated from blood meal dentification data,
Estimates of HBIs were caleulated from speci-
mens collected resting inside houses and from
ouldoor sites. An HBEI was calculated as the un-
weighted mean of the proportion of specimens
with human blood (HBP) that were collected rom
indoor and eutdoor locations (unweighled HBI
= [% indoor human bloodfed + % outdoor hu-
man bloodfed]/2). This index 18 considared an
unbigsed estimate because it uses percentages in-
stead of aw numbers; it was also computed o
avcount for bias introduced by disparitics in the
spatial distribution of resting females. The
weighted HBI or crude mean was also compauted,
It was calculated as the sum of indoor and out-
door numbers containing a specific host blood
meal divided by the total numbers of indoor and
outdoar hloodfed mosquitoes (Garreti-Jones
1964). It was difficult 1o obtain adequate num-
bers of engorged resting specimens after houses
were spraved with DDT in 1991, This was a
particular problem for those villages with low
densities of resting mosquitoes (La Ceiba and La
Concordia). In order to obtain a representative
cstimate of the overall HBI by host and year,
blood meal data from all localities and months
were pooled, These pooled values gave us a min-
imum of 30 hlood smears or more per month,
which 152 considered the minimum sample sixe
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Fig. 1. Monthly distribution of resting, bloodfed Arophales prendopunctipennis females in 4 villages in the

foothills near Tapachuls, Mexico. Date were pooled for all indoor and outdoor collections of resting adults that
weere conducted during the dey seasons of 1990 and 1991, Numbers caprured outdoorsim 199 include collections

from pel sheliers

representative of o local population (Ciarretl-
Jones 19643, The pooled dota were used to cal-
culate the weighied and unweighted mean HBI
virlues,

The forage ratio (FR), which quantifies vector
selection of a particular vertebrafe host rather
than other available hosts, was also measured
{Borcham and Garrett-Jones 1973). The FRs were
caleulated by determiming the percent of An
peendoprnctipennis females containing blood of
a particular host, divided by the percent of the
total available host population represented by
that particular host (Hess et al. 1968). An FR of
one, or near one, indicates neither a selective hias
nor aveidance of 8 particular host amimal; FRs
sipnificantly greater than one indicate a selective
hias and values less than one indicate avoidance
of a host in favor of other available hosts. Ho-
mogencity chi-square tests were computed toan-
alvze sample relative freguency compansons
(MacStats 1985}

RESULTS

Resting population densities: Anopheles psew-
dopunctipennis were most abundant from mid-
December to May, Within this period of peak
abundance, the monthly densities for indoor
resting mosquitees during 1990 were different
from the 1991 season (Fig. 1). Sampling was ini-
nated in January of 1990 and resting females
were found on house walls [rom January to
March. In contrast, in 1991 most resting females
were found on house walls only in Januvary.

Atotal of 1 B39 (64.9%) An. pseudopunciipen-
iy fermale and 1,005 (35, 1%) male mosquitoes
were obtained from all types of resting collections

i the 4 study villages donng the 2 vears, In the
first year only 366 {19, 7%) [emale specimens were
obuined, whereas | 493 (80.3%) were captured
the Ind vear. OF the towml number of [emales
captured dunng both years, 44.7% (832) were
engorged. Approximately 33.49% (630) of the cap-
tured females did not contain blood and 21.4%
(398) were graviad (Table 1),

The specimens processed for blood meal iden-
tification comprised 94% (784} of all 832 en-
gorged females (Tables | and 2). Ofthe T84 spec-
imens processed, 132 (16.8%) were collected
indoors, 131 (16, 7%) were collected from natural
shelters, and 521 {66.3%) were collecled from
artificial pit shelters (from 1991) {Table 2).

As expected, the villages with overall higher
densities of An. pseudopunctipennis i landing
collections (Fernandez-Salas 19927 also yielded
higher numbers in resting site collections {i.e., El
Plan and El Betiro) (Tahle 1) In terms of num-
bers tested for blood meal identification, 30,4%
{238) were from El Plan and 62.0% {436) were
from El Retiro, whereas only 7.0% {35) were from
La Concordia and less than 1% (3) were from La
Criba (Table 2). There were no significant dif-
ferences in overall numbers of females from in-
doar and natural shelter collections between 19910
and 1991 (x* = 696 £ < .05} this statistic
excludes data from pit-shelier collections.

Humcin Mood index: Females captured inside
dwellings showed higher human blood propor-
tions (HBP) than those resting outdoors, either
in natural shelters or pit shelters, During 1990,
HBPs as high as 36.7 and 532.8% were obtained
for indoor samples from El Plan and El Retiro
{Table 23, whereas the notural shelter collection
produced 18.2 and 19.2% HBPs in the same vil-
lages: Yery few engorged specimens were cap-
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Table 1. Anopheles psewdopunctipennis mosguitocs captured in indoor and outdoor resting
collections in 4 villages in the foothills near Tapachula, Mexieo, during the dry seasons of 1990
and 1991, Daia are presented on numbers captured, tested for blood identification (host type);

fed, unfed, gravid, and males.

Indoor resting

Cutdoor resting

MNumbers Mumbers
O Un- ‘Grav- % Lin- Grav-
Ujlt:_lgc Caught tested  Fed  fed id Malex {.'.:mgh_l_ni'tt:d Fed fed il Males

RETH Matural shelters

El Plan sh 536 30 23 3 5 124 B9 45 43 36 3

El Retiro 0 514 43 20 7 i} 101 604 43 a7 I Il

Lo Concordis 1 163 I 0 0 4 4] 2 | I ]

La Ceita 2 (0.0 2 [H] (4] i) . ] 100 ] 4] 2 ]

Tovals |29 520 76 41 1n 237 138 96 101 40 14
1991

El Plan 78 75.6 51 14 13 1 8 12:5 4 2 2 4

El Retirao 10 0.0 7 3 il I 92 310 53 I8 | |

La Concordin I 00 I i i 0 1 100 | i {l 0

La Ceiba 2 00 | | I 0 3 100 3 { I 5

Totils 9l Tl.4 60 17 14 2 (fof) 490 6l 410 4 I}
1941 Artificial pat shelters

El Plan 412 133 145 142 125 479

El Retiro 757 447 343 253 161 418

La Concordia 124 356 49 13 42 6y

La Ceiba 5 40 2 | 2 i

Totals 1,298 40.1 339 429 330 974

tureel in La Concordia and [ Ceiba, so no re-
liable data were generated for these villages.
Again, in 1991, higher esumates of human
bloodfed mosquitoes were found for indoor ver-
sus outdoor resting collections. In 1991, mos-
guiloes were collected from indoor resting sites
anly during this month (January) before house
walls were sprayed with DT, Those captured
mosquitoes from indoor resting collections
showed HBPs of 88.1 and 80.0% for El Plan and
El Retira, respectively (Table 21, Only El Retiro
was positive for engorged mosquitocs resting in
natural shelters. OFf these, 23.9% ¢ontained hu-
man blood, The pat shelters were more produc-
tive; however, the HBPs were similar 1o those
for the natural shelters {e.g. 26.3 and 22.8% for
El Plan and El Retiro. respectively). On average,
53.8% of all specimens collecied indoors in all
villages during 1990 had fed on human blood,
compared (o 86.1% that had fed on humans dur-
ing the single month of positive indoor resting
collections in 1991 {Table 2). The differences he-
tween the 2 years were significant (xF = 24.3, F
=< Q.00 The mates of human blood meals in
specimens from natural shelters were statistically
similar (x* = .74, P > 0.05) (e, 18.6 and
23.6% for the first and 2nd vears, respectively)

(Table 3), The annual percent of specimens col-
lected with human blood meals from pit shelters
23.0%) was simuilar to the annual rate for spee-
imens from natural resting places (23.6%) {Table
2}

Weighted and unweighted HBI values were
calculated wsing indoor and outdoor data from
the proportions of human-fed mosquitoes,
Weighted mean HBI estimates for the first and
2nd vears were 34.0 and 29.5%, respectively (Ta-
ble 3). The HBI values for the 2 vears were not
significantly different (x* = 0.37, P < 0.05). The
unweighted HBI values were slightly higher than
the weighted ones, 36.2% for the first year and
54. 7% for the Ind; again, the differences between
these values were not significant (x2 =037, P <
0.03).

O all available hosts, dogs were the second
most frequent blood source for An. prewdopurc-
tipennis mosquitoes (Table 2). During 2 years of
collections. dogs were the blood source for 29, 6—
21.3% of all engorged An. piewdopunctipennis
females collected outside in pit shelters and nat-
ural resting sites, Dogs were the blood source for
6.2 and 11.9% of the engorged females collected
indoors in 1990 and 1991, respectively. These
rates resulted in host blood indices, weighted or
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Percemtages of Anopheles prewdopanctipennis females that contamed human blomd in 4 villoges belore

and after houses were spraoved with DT, Dot were compiled from routineg resting collections from pit shelters
durmg the dey season (January=May 19917 in the foothills near Tapachula, Mexico,

unweighted, of 33.3 and 31.6%1n 1990, and 27.9
and 20.3% in 1991, respectively (Table 3). Hors-
¢s, although relatively uncommeon, were the third
moast mporant biood source, The horse blood
indices were 13.6% {weighted) and 14.1% {(un-
weighted) in 1990; in 1991 they were 18.2 and
11, 5%, respectively (Table 3). Weighted pig blood
indices were 15.0-'and 18.4% in 1990 and 1991,
respectively, The unweighted indices for pig blood
were 14,9 and 8.7% for 1990 and 199, respec:
tively, Blood meals from chickens weére rarcly
represcnted in the blood samples. The pit shelter
coflections from 1991 were used 1o assess the
rate of mixed blood meals. We determined thar
only 2. 1%or 1] of 321 specimens contained blood
from more than one lvpe of host,

Forage ratios: The patierns of host densitics
within thed villages were similar, Chickens con-
stifuted more than 50% of all veriebrate hosts
within the wvillage environmenis. Hepardiess,
chickens accounted for less than 2.4% of all the
identified blood meals (Table 43, Becauss chick-
ens were clearly not a factor in the overall 1ssuc
of An. prendopuncripennis host preferences, sta-
tistics on chicken populations were not included
in ¢caloulations of fordge ratios.

Humans were 3 times more abundant (76.1%)
in villages than demestic amimals (cxcluding
chickens), However, the FR for humans was less
than one for both vears, wath (1.0} or without
(0.4} numbers of chickens, which indicates that
An. psendopunctipenms females fed more fre-
quently on other availoble hosts, Forge ratios

greater than one were caloulated for all other
avatlable hosts, vz, dogs, pigs, and horses, The
FRs for horses for the 2 vears were 15,6 and 20.9
{Tahble 4). Although horses represented less than
1% of all available hosts, they were fed on fre-
quently by An psewdopirctipennds females. The
sccond most frequently selected hosts were pigs,
wilth FRs of 5.8 and 7.2 for the first and 2nd
years, respectively. Forage ratios for dogs (FRs
of 1.6 and |.4) showed that these animals were
less frequently setected for a blood meal than
were horses and pigs.

Spraying effect on host selection: DDT was
spraved on house walls in late January 1991
Roughlty 0% of all resting females (637) col-
lected during the dry season of 1990-91 were
collected in the December—January 199 interval
before the houses were sprayed with DT, Afler
spraying, densities of indoor-resting s psen-
dopunctipenniy females dropped precipitously.
Only 4 specimens were collected indoors from
February to May and, to a lesser extent, densitics
dropped in outdoor resting sites as well (Fig. 1),
Under these circumstances. the pit shelters be-
came an increasingly valuable source of bloomd-
engorged specimens. Pit-shelter collections were
used 1o determine the impact of DDT residues
on host selection patterns in resting populations.
A change in host selection occurred after the vil-
Iages were spraved with DT, Inengorged spec-
imens [rom pit shelters, the proportions of hu-
man bloodfed females were high before treatment
(33.7%), dropped alter the houses were sprayed
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Tahle 2.

Blood meal identifications from Anopheles pyewdopunctipennis mosquiloes captured in

indoor and outdoor resting collections in 4 villages in the foothills near Tapachula, Mexico,
during the dry scasons of 1990 and 1991,

Indoor resting

Mumbers by host-type

I et Total
Villages Hu Hr g Pg Chk Mx  Not 1D tested  FHBP?
19490
El Plan 17 ] 4 2 I §] ] 30 46,7
El Retiro 16 7 3 7 0 i) ] 36 528
La Concordia 0 ] 1 0 1] i ] | (§ XN
L Ceilba (1] ] 0 0 0 i {0 1§ (3.0}
Totuls i6 13 B 9 1 1] 0 a7 53.7
19481
El Plan 52 | i ] 2 | 0 59 L
El Retiro 4 1 0 ] ] ] i 5 g0.0
La Concordia { i | { 0 i ) I (.0
La Ceiba 0 0 0 1] 1] ] 1) 4] 0,0
Toals 56 2 4 0 2 | 0 65 86.2

! Datn ore presendod on numbers that had fed on humans (Hu), horses (Hr), dogs (D), pigs (Pg), chickens {Chk), mised hosty
{Mxd, noed identified (no1 1D, toial tened, and 1the percent fod on humans,
* Human blood proporion or pereent of engooged females containing human blood.

(15.2%), and increased slowly during the next 3
months (Fig. 2). The animal bload proportions
were the inverse of the monthly human fed pro-
portions and increased immediately afler the
houses were spraved.

DISCUSSION

Resting poprlations; The study of host selec:
tion patterns of malana vectors i a complex task,
especially in areas where insecticides are contin-
uoushy applied to house walls for malana control,
Bramatic changes in feeding patterns and in den-
sities of resung mosguitocs arc always expected
under such conditions, Additionally, bloodfed
anophelines tend to seek more protested resting
places where they will not be irritated or affécted
by the insccticide, and this insecticide-induced
population movement will be reflected in the
results of the sampling program (Garrett-Jones
1964 ).

The patterns of monthly densities in the in-
door resting populations of An pseudopuncti-
peanisin the study villages during 1990 and 1991
were different (Fig. 1) The differences might be
explained, in part, by differences in liming of
spraving as well as differences in insecticides em-
ployved, Duning the first vear house walls were
spraved with bendiocarb in Scptember 1989, in
response o an carly séason occurrence of malaria
cases. Anophefes psevdopnciipennis is the pri-
mary vector in this foothill region where its pop-

ulation densities begin to increase during mid-
December. The wet-scason outbreak in Septem-
ber was considered “early season™ because i1 oc-
curred when densities of An. paeudopunctipenney
populations were at their lowest level, Bendi-
ocarb was not sprayed on the house walls a seg-
ond nme until April 1990, Probably the 3-maonths
residual action of bendiocarb (Pant 1988) an
house walls degraded from September (o mid-
December 1989, and population densities of An.
psendopunctipennis increased during December
1989 and January 1990. In the following year
(1991), DT was sprayed on village house walls
duning the nterval from late January to early
February, This application of DDT was tumed
to correéspond with the appearance of peak vector
densities. There were no significant differences
in numbers of females captured resting indoory
and in natural resting sites between 1990 and,
1991, However, in 1991 almast all females were
capiured before houses were sprayved with DDT,
An inspection of the 19921 data shows that DDT
residues essentially prevented indoor host-seek-
g and indoor resting by An. preudopunctipennis
mosguitoes, This effect lasted until late April
1591.

Owerall, the intensive collections of rosting .
preudopuncripeneis adulis from indoors and nat-
ural sites outdoors were relatively unproductive
during the 2 years, producingonly 15,8 and 14.5%
of the total number of engorged females pro-
cessed for blood meal wdentibeation (Table 2), In
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Table 2. Continued.

Cutdoor restng

Mumbers by host-type

Total
Villnges Hu Hr Do Pg Chk Mu Mot 1D tested HIP
Matural shelters

1959()
El Plan 2 i 5 {0 1 ) 4] Il 18.2
El Retiro 12 1 35 10 i 0 2 61 4.2
La Concordin | k] 1 3 0 ] 0 8 12.5
La Ceiba 0 ] 0 0 0 0 0] 4] {10
Totals 15 7 41 13 2 0 2 B 8.8

19491
El Man ] 0 1 4] i (W] ] l 0.0
El Retiro 11 10 17 & 1 1 1] 46 239
La Concordi 1] [}] 1 0] ] 0 1] I (1,0
La Ceiba i 0 | 1 4] 0 4] i 133
Tolals 12 10 20 7 I I 4] 51 23.5

Artificial pit shelters

1941
El Plan 16 40 50 2] | I 3 137 26.3
El Retiro 77 42 93 100 £i] 10 f 135 22.8
La Concordia 7 21 1 4 1 4] | 44 15.9
La Ceiba i) 1 1 0 ] 4] ] p ($ 1)
Totals 120 104 154 110 i2 11 i0 521 23.0

the 2nd wear, the gt shelters produced about 4
times as many resting, engorged An paewda-
pronctipennis females as were oblained in samples
from more natural resting sites, However, data
from pitshelters and natural resting sites indicaie
that samples from cither site are represeniabive
of cutdoor resting mosquito populations.

The Coatan River is the major larval habitat
for An. peendopunctipenms mosquitoes dunng
the dry season (Fernandez-Salas 1992%). Not sur-
prisingly. the 2 villages located closest to the riv-
er, El Plan-and El Retire, also provided most of
the engorged females (92%) in the resting collec-
t1ions.

Human bfosd index: In samples from the 4
study villages, both the weighted and unweighted
HBIs for An. psendapunclipenms characterized a
relatively anthropophilic veclor. The unbiasced
estimator, or unweighted mean, was always high-
er than the weighted HBI during the 2 years (36.2
and 54, 7% versus 34.0-29.5%) (Table 1). The
reason for this relationship between weighted and
unweighted HBIs probably relates 1o the greater
ellect of large percentages of human bloodfed

specimens 1n indoors collections on the un-
weighted HBL For example, in the first year,
53.8% of indoor resting females contained hu-
man blood, whereas 86.1% had human blood
meals during the prespray period of the 2nd year
{Table 23, Similarly, high proportions of indoor
resting An preudopunctipenndy females with hu-
man biood have been found in ather areas: Var-
gas (1938) found 67.6% in Temixco, Central
Mexico: Davis and Shannon {1928) reportied
50.0% with human blood in northern Argentina,
and in Peru, Acosta (1960) found 80.6% with
human blood. These data reveal a high degree
of anthropophagy in indoor resting populations,
Also. indications of endophily were provided by
indoor resting mosquitoes containing blood meals
from animal hosts (i.e., 19.4% horsc [13], | 1.9%
dog [8], and 13.4% pig [9] [Table 2]). These re-
sults were better shown in 1990 than 1991,
The residual effects of insecucide spraved on
wvillage house walls probably account for some
differences in unweighted HBEs between 1990
(36.2%) and 1991 (54.7%). However, the influ-
ence of insecticide treatment was more apparcnt
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Table 3. Weighted and unweighted HBEs and other hosts blood meals ol Anopheles
psesdopnnctipenms from indoor and outdoor restuing collections. Data were pooled by cach year
over all villages and months. The resting collections were conducted in 4 villages in the foothills

nenr Tapachuln, Mexico, during the dry seasons of 1990 and 1991,

% blood meal’

Chutdoor Outdoor
(natural {pit Weighted Linweighted
Hisis Indoor shelters) sheliers) meian® meant
145
Humin 338 15.6 - I 6.2
Animul® 46,2 ®1.4 — s, [ 634
Totals" IﬂU!I:'.I"II Il.lﬂ!ﬁl}'l- m_{}_.gl-i?:l lﬂﬂ;ld?:_l
Horse 19.4 2.3 B 13,6 14.1
o 1.9 51.3 — 113 1.6
Pig 134 16.3 - 15.00 14.9
Chicken 1.5 L5 — 2.0 2.0
Manaed (0 (0.0 - 0.0 .t
Mot dentificd 0.0 25 - 2 1.3
144 ]

Hurman 86,1 23.6 23.0 2854 44, 24
Animal 139 Th.4 77.0 700.5 55.8
Tuotals® 100 (65} 100 (51} 100 (521) 100 (637) 108 (637)
Horse Al 19.6 2000 18,2 14.2
Dog 6.2 392 29.6 27.9 250
Pig (0 13.7 211 15.4 1.6
Chicken 3.1 2.0 2.3 2.4 2.5
Mixed 1.5 20 2.3 2.0 )
Mot identified 0.0 0.0 1.4 |.6 L6

 Percent of Blood meals by 1ype of host. Blood meals wene wentified by ELISA.

! Werghted or crude mean: (numbers with human blood indoors + numbers with human bleod owtdoors){totl numbers
engorged imdoors + total numbers engorged outdoorns)

" Ulnweighted mesn: (indoor percent with human blood + outdeor percent with human Blood) number of pooksd samples;
for example. 2 for 1990 and 3 for 19591

! Humon blood index (HET)L

= All animals other than humans plas “not identified™ meats combined.

* Mumber of specimens tesied fior blood identification s given in parenthesss.

Table 4. Forage ratio (FR)' estimates for Anopheles psevdopunctipenmis females during 2 vears
of collections in the foothills near Tapachula, Mexico, during 1990 and 1991,

1590 1991
Y% host % host % blood % Tl )

Hosts population® population® meals® FR®= ER!a mieals Fr.e FRrtd
Human 349 Th:1 34.0 10 0.4 295 0.8 0.4
Amimal? f5.1 239 66.0 1.0 28 T35 I.1 2.9
Totals 100 00 100 100
Huorse .4 0.9 13.6 34.0 15.6 5.2 453 208
Dog 0.4 20.5 333 3.5 1.6 2749 30 14
Pig Lz 2.6 15.0 i2.5 5.8 | 5.4 15.3 7.2
Chicken 54.2 —_ X0 0.0 — 2.4 .0 —
Sample size 3,753 1,719 147 637

' Forpge ratio = peroenl host blood meals/percent how pogratation.

* Chicken population included.

' Chicken population deleved.

* Weighted HBI, see Table 3

" Al unimaly ethet than humans plus ot identified meals combined
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in comparisons of percentages of indoor resting
[emales containing human blood. In 1991, ap-
prosimately 86, 1% of indoor resting lemales were
positive for human blood, compared 1o 53.8%
in 1990, The study houses were spraved with
bendiocarb in September 1989, Considering that
residual effect of bendiocarh s estimated 10 be
3 months (Pant 1988), 1he overall effect of the
insecticide was expecied 1o be low during the
sampling period ol January-March in 1990,
Clearly, the negligible effects of insechicide resi-
dues pecounted Tora lagh percentage of outdoor
resting lemales with human blood during the dry
season, Houses were spraved with bendiocarb in
April 19940}, and were not treated again until late
January—¢early February 1991, Consequently,
during December 1990 and carly January 1991
the vectors were feeding on humans inside hous-
es with neghgible residues of insecticide on the
witlls, Flowever, aller houses were sprived with
RDT in lae January 1991, the indoor resting
collections were negative, As a result, the per-
centage of human bloodfceding detectable with
indoor resting collections before and after DOT
treatment was 86, 7% (52 of 60) and 0%, respec-
tively. The unweighted HBls could not be used
for these compansons simply because no mos-
quitoes were caught resting indoors. Neverthe-
less, we can expect that the effects of bendiocarb
and DT will be different even in recently spraved
houses. Support for this conclusion is provided
by the report of Lovola et al. (19903, in which
they found a higher unweighted HBI(1 2. 7-26.9%)
in bendiocarb-sprayed villages vs, an unweighted
HEBEI of 3.3-6.8% in DDT-sprayved villages in
northwestern Mexico,

Dogs were second only to humans as & source
of blood meals for An. peeudopunctipenniz(Table
1), Furthermore, dogs were the second most
common hest (chickens excluded) within the vil-
lage environment (Table 4), Humans and does
accounted for more than 96.0% of the 4n. psen-
doprnctipenmis blood meals. This skewed pattern
in host selection reflects the local pattern of host
availability; 11 also reveals a strong assoclation
ol An. psetdoprnctipennis with the domestic en-
vironment. Such an association clearly defines
the human domicile as a high risk hiotope for
the transmission of malaria. Mixed blood meals,
although found in very low proponion. repre-
sented combinations of man-dog. dog-horse, and
man—pig. Mixed and cryptic {2 or more blood
meals from the same type of host in a single
mosquite} blood meals may be ol epidemiolog-
ical importance because of the increased msk of
malarii transmission posed by a voctor that takes
multiple partial meals (Borcham and Garrett-
Jones 1973),

Forage ratios. The HBIs were indicative ol
very high man—vector contact under the specilic
conditions of host availability at the study sites,
In contrast, the FRs, which are measures ol host
sclection patterns, clearly defined cAn. pacuddo-
punctipennis as a roophilic species (Table 4). The
FRs for humans were egual o or less than one
{with or without chicken populitions); therelore
when all fctors are equal, o seems that these
anaphelines wend o feed on humans with less
frequency than other large amimals, Also, chicken
blood was rarely encountered in engorged An.
preudopunctipenniy specimens, Strong host so-
lection was consistently demonstrated for the
larger mammals, such as horses (FR > | 5) and
pigs (FR = 5.8), which were less abundant than
humans in the study villages, Per animal, these
large animal hosts presented large surface arcas
10 host-seeking mosguitoes, Unfortunately, dif-
ferences in quantity of surface arcas are not in-
cluded in the FR calculanons. Some kind ol ad-
Jusiment for host surface arca might better define
the feeding relationships between the mosguito
and its hosts. Larger hosts, such as horses and
prrgs, are known to attract most bites of An, pseu-
dopunctipennis in a vanely of ecological seltings
in Mexico (e.g., Sinaloa [Loyola eval. 1990]) and
Temixco [Vargas 19338]) A similar prelerence by
An. preudopunctipennis for large mammals was
demonstrated in Poru by Sasse and Hackeu
(19530), Sasse and Hackett used a stable trrap and
alternated exposures of hosts 1o blood-secking
populations; hosts included man, goat, pig, call,
and donkey. The result was that most blood meals
(62.3%) were from donkey, In another compar-
ison of horses versus cows and humans in ex-
perimental huts, horses received more than 70.0%
of the bites {Vargas 1938), In our study villages,
humans were more abundant than other hosts:
consegquently, feeding on humansseems to reflect
kost availability more than host preference. Host
availability 15 possibly the dominant factor in
mostenvironments favonng transmission of hu-
man malaria by An pseudopurciipennis mos-
quitoes.

Effects of insecticides on hast seféction: The
pre- and postspraying changes in HBls as a result
of the behavioral responses of vectors to DET
have been documented for some malaria vectors
(Crarreti-Jones 19640 In our case, no An peei-
dopuncripenms populations were found resting
indoors for almost 3 months after the houses
wiere spravied with DT therefore, comparisons
of pre- and postspraving HBIs were not possible.
Regardless. the percent of specimens containing
human blood in the pit shelter collection de-
chined after the houses were spraved with DT,
Simularly, the percent of spocimens containing
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amimal blood increased, A change in host selec-
fion patterns ocourred probably because o pro-
portion ol mosquitocs that fed indoors on hu-
mans were killed by the msecunde or because
they were forced 10 feed on allernative hosts not
profecied by imsecticide residues. The popula-
tion-based reduction in human bloodfeeding as
o resull of DIYT residues on house walls, as seen
in Fig. 2, possibly indicates that the insecticide
repellency produces an “area effect.” In other
words, presence of insecticide may reduce the
mumbers of bites on humans outside, as well as
in indoor lochtions. Similar changes in the HEls
of populations collected from outdoor shelters
have been reported for important veclons specices
in Africa, such as Anopheles funestus Giles and
Anephides gamibiae Giles (Garrent-Jones [964)

Insecticide repellency and irritability are
invobved i ndoor restimg behavior and the se-
lection of blood meal hosts by A psedoprine-
Hpenniy in DD T-sprayed villages, Indeed, be-
havioral aveidance of insecticide residues may
be the prmary mode of DDT action i control-
ling Au, peendopunctipeanis iransmitied malaria,
Clearly, additional studies on the behavioral re-
sponses of An. preudopuncipernnis 1o insectcide
residues are needed,

ACKNOWLEDGMENTS

This research was funded partly by project DI-
MO of the National Aeronautics and Space
Admimstration (NASA) through contract W16
306 1o the USUHS, Funds were also provided
by the Mexican Secretarial of Heahh and the
UNDPWorld BankWHO Special Program for
Research and Training in Tropical Discases. We
appreciate the hield assistance of Cresencio and
Eufronio iaz, This research is part ol the senior
author’s doctoral dissertation at the Unifermed
Services University of the Health Sciences, Be-
thesda, MDD,

REFERENCES CITED

Acosta, M. 1960, Feeding preferences of Anopheles
psendopactipennisand A, rrisnndansin Peru. Rev,
Med, Exp. (Lima) 2:TT-83

Berer, 1. O, P V. Perkins, B, A, Wirte, 1. Koros, T
Digss, T. P. Gargan 11 and 120 K, Kocch, 1988,
Woodmeal identification by direct engyvmne-linked
immunosorbent assay (ELISA), tested on Auopheles
(Dipters: Culicidae) in Kenya. J. Med, Entomal, 25:
Q-6

Borcham, P F. Looand € Gacretl-Jones, 1973, Prev-
alence of mixed blood meals and double feeding in
o malana vector Cdmopheles sacharov Favre), Bull,
WoHLCO) 48605014,

Pravis, M, O and R, C, Shannon., 1928, The blood
feeding habits of Aropheles. poetdopametipenss n
narthern Argenting. Am. J. Trop, Med, 5443447,

Cinrrett-Jones, C 1964, The haman blood index of
malara vectors m relation o epichemiological ws-
sessment. Bull, WOHLO, Me241-261

Ciarrett-Jones, C and G K. Shidrawi, 1969, Malaria
vectorial capacity of o population of Anopheles gan-
friare. Bulh, W.HLO.L 40:533 =545

Hess, A, D B O, Haves and O M. Tempelis, 1968,
The use of the formge mtion [echnigue in mosguite
host preference studies, Mosg, News 28;386<189,

Lovola, E G, M, H. Rodrigues, L. Conzales, 1, [,
Armedondo, 13 M, Bown pnd M. A, Yaca, 1990,
Effect of indoor residual spraying of DDT and ben-
discarh an the feeding patterns of An piewdopun-
tipennis in Mexico, 1. Am, Mosqg., Control Assoc,
Brb 35640,

MocSmts, 1985, T, N, Abdells, Memphis, TN,

Pant, © 1988, Malana vector control: imagocicling,
pp. LIT3-1212, fee W, M. Wemsdorfer and 1.
MeGiregor {eds. ), Malaria. Principles and practice of
malanology. Charchull Livipgstone, London,

Kodnguez, M. H. and E. G. Lovola. 1989, Sttuzcion
epidemiologica actual v perspectivas de la myvest-
gacion entomaligica en México, pp. | 5=<0. Tn Me-
maortas del [V Simposio MNacional de Entomalogia
Medica ¥ Vetertnana, Oaxtepee, Mor,, México, Sa-
ciedad Mexicana d2 Entomologia.

Sasee, BE and L W, Hackewt, 1950, Mote on host
preference of Arapheles presdopunctipenniy. 1, Watl,
Malanol. Sec. 91131182,

Vargas, L. 1938, Observaciones sobre fa preferencia
alimenticia sanguinea del A, psendopunciipenniy en
Temixco, Morelos. An, Inst. Biol, Mexico 9:201-
208,

World Health Organization. 1963, Terminology of
malara and of malana eradication, World. Health
Organtzation, Geneva.



