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Jgp:dotus and Anopheles (Mrrteszm)
nefvat (2).

On the Pacific coast, 21 anopheline
species have been identified (2, 8-10),
of which the following have been
recorded in the municipal seat of Bue-
naventura: A. (N.) albimanus, A, (A.)
punctimacula, and A. (K.) neivai (11, 12),
Qf these, A. (M.} albimanus is consid-
ered the primarv vector along the
coast (3, 13, 14). Another species of the
region that transmits malaria is 4. (N.)
nufteztovart (£, 10, 13). In this vein, a re-
port by Cristébal Viverps (SEM, inter-
nal document; March 1993) on an en-
tomologic evaluation carried out at 26
localities within the munidpality of
Bugnaventura in the period 198/-1991
states that the species A. albimanus,
A netval, and A. nureztovar were the
Ones mazntam.mg acnve malaria rans-
mission in the studv areas.

In the recent past Buenaventura, the
Colombian v with the largest port
on the Pacific coast, recorded huigh
numbers of maiaria cases: 375 in TQSz
3295 in 1991 anc 2017 @ 1992 (lo)
or thus reason, a project was lzunched

0 implemer: the prmary
sontrol srategy in the urban area of
puenavenrura. Lhe stategy inciuded
case diagnosis and »omp_rehensive
are, MANING NG 2IT0uni the entomo-
iogic and epiderniologic 2spects of the
croblem, the characteristics of the
health services involved, and the pop-
ulation's knowledge, bellefs. and prac-
fices regarding malana. The entomo-
iogic smdv reported here sought to
idendify the anopheiine 5uec'es acting
35 malana vectors in the urban area of
Buenaventura. an¢ to delineate their
relevant habits, biting rates, ang tvpes
of breeding sites. :

MATERIALS AND METHODS

Buenaventura, iocated an average of

seven meters above sea level, has an
average temperature of 283 %C and an
average annual maindali of 7789 em.

The cirv has 2 land area of 0 (78 km”

and 1s iocated 142 am trom the city of
Cali {17} Thi studv reported here was
conducted between June 1993 ang
May 1994 in the urban area of Bue-

care malaria

"_emie*\ce of -nea
Two ol lectors wire
mde and one it

naventura and. in. the surrounding
communities of Sitronella, Zacarias,

Gamboa, La Jaci, La Glona, and Van-

ante Madronial,

A comprehensive larval sweep was
performed in Buenaventura and these
surrounding areas to identify all po-
tential natural and artifidal anophe-
line breeding sites. The method used
(recommended by WHO—18) entailed
collecting 10 samples consisting of

250-cm? ladlefuls of water from every -

square meter of water surface being
surveyed. After collecting and labeling
the larvae, these were stored in glass
vials with 70% alcohol.

Two cycles of larvae collection were
conducted in the urban Buenaventura
area—~the first in June and july 1993
and the second in December 1993 and
January 1994. [n the “rural” neighbor-
ing areas, one cvcle was carried out in
August and September 1993 In the six
aforementioned communities; then, in

December 1993 and january 1994, an-

other cycle was carried out in those
communities whe*e oreeding sites had
been identified. .

All the emommozz dawa obtained
were entered into forms designed ror
this study. The coliected specimens

were processed in the iaboratory ac-
cording to the method developed by
Forattini (19 and were identified
using the keys of Sudrez et al. (20) and
Cova Garcia (21), -

Anopheline collegion with human
bait is the method most often em-

‘ploved for sammmg adult mosquito

populations, since it permits assess

ment of man-vector contact as svell as

of biting habits, dens;t\, rate ot sporo-
zoite mtecnon anc MOSquIte panty
22). In our case, samvmg locations
were selected. in various neighbor-

hoods, in both Buenavenrura and the -

surrounding areas, Dased on the num-
ber ot reg;sterea Maidna cases and the
ards breemng 5ites

__'sh-ngs‘
The WHO-recommended methodol-
Ogy was used ror makin_s; these human
bait collections (135 The collected

MOSQUILOES were put into piastic con-
tainers and divided into lots according
to the time of coliection; thev were
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then packaged; labeled, and trans-

ported to the laboratory for identifica-
tion. The collections were made three

times a week between 6 pan. and mid-
night—except in October and Novem-
ber, when they were made between §
p.m. and 6 a.m.

Also, a Shannon trap (23), using
white light and a collector as bait, was
operated between 6 p.m. and 10 p.n.
for eight weeks; and a CDC light trap
{obtained from the Centers for Disease
Control and Prevention, Atlanta, Geor-
gia) (24) was placed overnight (from 6
p.m. to 6 a.m.) af various sites to obtain
samples of anopheline species present
in the area, This latter trap was placed

‘both inside and outside homes and

close to breeding sites. The modified
Mitchell trap (25), in which a calf was
placed overnight {from 6 p.m. to 6
am), was also used. The following
day, the trapped mosquitoes were col-
lected, packaged, and ‘ransported to
the laboratorv for identification.
{n order to define the resting habits
of anophelines (23), a search for these
mosquitoes was carried out from
4 am. to 7 am. inside dwellings. To

‘identify their natural resting sites, veg- -

etation was inspected during the day.

Resting collections in animal shel-
ters {23) were also made between 6
nm. and 10 p.m., because of the sig-
nificance of such collectians for deter-
nining anopheline density, particu-
larlv that of A. albimanus, Although
Buenaventura is not a livestock-
producing region, a stable was found
in the La Unién neighborhood of
District (comuna) 12, relativeiv close
to-a site where aduit mosquitoes had
been collected with human bait. From
July 1993 to April 1994 anophelines
that were biting livestock at the stable
or resting on stable wails werecoi-
lected once 2 week.

in the laboratory, the coilected and
identified specimens were processed
using an enzvme-inked IMmunpsor-
oent assav (ELISAJ to determine the
extent of therr intection with Plasmod-
ium parasites. In addiron, Detinova's -
techrigue (267 was wsed to dissect the -

mes of the A Jlbmmanus collected
w;,m ruman bait for the purpose of de-
tér:nming their phvsiologic age.
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Descripuve statistical methods were
used to assess the distribution of the
most common species and breeding
places. Tadbles and graphs were aiso
prepared using the Harvard Graphics
program (27). To determine the rela-
tionship between mosquito density
during the rainy season and the fre-
Quency of malaria cases in the urban
area, Pearson’s correlation coefficient
28) and the Stata 3.1 program were
emploved (29).

RESULTS
Breeding sites

A totai of 469 potental anopheline
breeding sites were identified in the
urban area of Suenaventura (Table i),
of which I8 (%) contained immature
forms of these mosauitoes. Twentv-six
(93%) of the posidve breeding sites
were situzted In Suenavenmura’s Dise
..... 12, whezh also contained the
greates: numider Of maiana czses. in
i" areas where Sreeding
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were found in one of 27 bromiliads
examined. Table 2 shows the general
location and species idennties of the
1483 anopheline larvae collected.

Of the two sweeps directed at find-
ing breeding sites in the urban area
of Buenaventura (see Materials and
Methods secton), the first (in June
1993) found 17 breeding sites with
mosquito larvae, while the second (in
January 1994) detected 11 additional
sites (Figure 1). Only six breeding sites
found to contain larvae when first
sampled also had larvae when sam-
pled in the course of the second sweep.
In contrast, all 11 of the “rural” breed-
ing sites found to contain larvae on the
first sweep were also found to contain
larvae on the second: in addition, nine
more positive “rural” breeding sites
were found on the second sweep.

Adult mosquito collections

Human bait coilections. ZEight ane-
oheline species were coilected with
hurnan bait (Table 2). A. sltimanus was
found to be the most comumon species
in the urban area, while .. muiezzovan
was found to be the mos: common in
the "rural” zones. The same pattern

was observed with respect o
distibution of immature forms.

Regarding the monthiv density of
adult mosguitoes, 4. alrimanus was

found to have a biting rate outside
dwellings in urban Buenaventura that
varied from 0 bites per person-hour
in August 1993 to 7.1 in March 1994
(Figure 2). More specifically, the
highest A. albimanus biting rates were
recorded outside dwellings in the
months of October and November
1993 (a rate of 2.5 bites per person-
hour being recorded in October) and
in the months of February, March, and
April 1994 (the highest rate of 7.1 oc-
curring in March). During the lat-
ter time period the biting rate for
A. nurieztovari, which like A, albimanus
is exophagous, was 1.7 in the nearby
rural area of Sitronella. This species’
rate reached a peridomiciliary peak in
Juiy 1994 (see Figure 2). The remaining
anopheline species had bite rates in
urban Buenaventura that were lower
than 0.6 bites per person-hour.

Figure 3 compares A. albimanus bit-
ing rates inside and cutside dwellings
at different hours of the dav (from 67
p.m. to 11 p.m.~midnight). Like Figure
=. it indicates greater biang activity
outside dwellings. It aiso shows that
the highest levels of Zailv biang activ-
irv tended to occur around dusk.

Figure + shows iniormanon used 1
exarmune possibie cormeiations between
mosguito densine ras reflected in
monthiv diting rates :or a vear) and
Suenavenrura ranzall (as reported by
the Colombian Instiute of Water.

TABLE 1. The numbers of suspecied anooheline breeding sites inspectec anc ‘sund positive in urban Buenaventurz ans neighdoting com-

murnities, 2v type of site. in 1993 and 1994
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FIGURE 1. Distribution of breeding sites found positive for immature anopheline forms in urban Buenaventura and neighboring areas
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Meteoroiogy, and Land Manage-
ment—Instituio Colombiane de Hidrolo-
113, Mereorologiz v Adecuacion de Tie-
""I‘-—'-ne"sonal communication. August
1984). No statistically significant corre-
\anion was found between rainfall in
one month and the A. aibimanus biting
rate in the succeeding month when ‘E]
the monthly June-May data were ana-
vzed (r = <0.35; 95% Cl: -0.80, 0.361.
When oniv the june-Decemper data
were considered, a posinive correlation
was found (r = 0.87, 95% Cl: 0.21, 0.99.
However. following the same proce-
dure for the januarv-May data vielded
1 negative correlation coeffictent {r =
~).68) that was not statisticallv 51gmf:-
nt (35% Cl: <0.98, 0.51). Despute this

lack or correlation, as Figure 4 shows,
the maximum binng rates (recorded in
October 1993 and sIarch 1994) were
found to occur one and 3 morths, re-
spectivelv, after a sharp increase In
local rainsall.

[n Gampoa, one of the three nearby
“rural” areas with anopheline-positive
breeding sites, 90% of the 80 mos-
quitos caught were A. albimanus, as in
urban Buenavent‘ura {see Tabie 2). The

apparent reason is that Gamboa itself
is relaavely :.:rban "ES&"‘*"["‘lI‘lg a Bue-
naventura neighborhood more than

a ruralvillage. [n Zacanas, however, a

substantiai portion of the adult ano-
mheline collection consisted of A. neva

(33%) and A. nurezrovar: (11%), with

Rev Panam Salud PubiicaPan Am | Public Health 216), 1907

Hio Mongoma

Sitronella

® Syenaveniura

1Qc

A *!br":an us accounting for only 19%.

e high frequency of A. nervar, a
r'oresr-ciweiling species (15), was ap-
parentiy due to the abundance or bro-
meliads in Zacarias, the community
farthest removed from the urban por-
tion of Buenaventura and the cne with
the most rural character.

Mosquito trapping. No adult anoph-
eiines were caught in the light traps
set out in Buenaventura dunng June
and Juiv 1993, However, the Shan-
non tap did capture anopheiines
(nine specimens ot A. albimanus and
two of A. nervat) in iu"e—-‘xug’ust 1993

[n addition, the Mitchell trap cap-



TABLE 2. Adult and immature forms of anophelines captured in urban Buenaventura and neighboring communities, by species

Neighboring communities

Urban area Sitronella Zacarias Gamboa
Species No. % No. % No. 5% Na. - % Total
Immature forms

A. albimanus 453 75.6 4 0.7 80 S59 200 100.0 737
A. nunieztovan 140 23.4 532 98.4 83 441 0 — 735
A. nevai 2 0.3 0 — 0 0 - 2
A. strodei 0 .- 5 0.9 0 0 — 5
Anopheles sop. 4 0.7 0 — 0 0 — 4

Total 598 100 541 100 143 100 200 100 1 483

Adult forms

A. albimanus 2 066 80.0 36 5.2 42 19.3 80 89.9 2224
A. nuneziovan 56 2.4 547 79.0 23 10.6 0 — 626
A. neivai 132 57 48 6.9 116 3.2 -] 6.7 302
A. rangeii 12 0.3 20 2.5 T 8.7 o —-_ 51
A, evansae 0 — 1 1.4 2 0.9 0 — 12
A. aguasalis E} Q.5 0 — 0 0 —_ E)
A. tnannuiatus 4 0.4 0 - 0 0 — -
A. apicimacuia 0 - 0 — 4 8 0 —_ 4
Ancponeies sop. 17 0.7 3z 4.6 1 5 3 34 B84

Tota 2238 100 633 100 218 1 29 100 3296

tured five specimens of 4. n
November-December 1955.

Indoor and outdoor resting collec-
tions. Thirtv-six hours spent at-
tempting to collect resting mosquitoes

in October 1993 did not succeed in
capturing any anophelines inside
houses, in narural shelters, or in sta-
bles. However, animal shelter col-
lection efforts succeeded in capturing
A. albimanus (137 specimens), A, nervai
{two specimens), and A. muiectovart

FIGURE 2. Monthly biting activity found through human bait collections inside and outside
dwellings for Anopheles albimanus in urban Buenaventura (left) and for Anopheies nunez-
tovariin the neighboring community of Sitronella (right)
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(one specimen). The greatest number
of A. albimanus females collected in
one night was 29.

Mosquito parity. The ovaries of 104
collected A. albimanus females were
examined microscopically. Of the 104,
43 (41.3%) were found to be nullipa-
rous, 49 (47.1%) had one previous
oviposition, and 8 (7.7%) had two. The
parity of the remaining four femnales
could not be determined.

Malaria cases and biting rates. Dur-
ing the observation period, no sta-
tistically significant correlation was
found between the malaria cases
occurring in a given month and the
biting rate recorded the preceding
month (r = -0.36; 95% CI: -0.79, 0.31)
(Figure 5).

DISCUSSION

As Quinones et al. (3)
ouslv observed in other Pacific coastal
areas of Colombia, our study found
in a wide varietv of

have previ-

A. albimanus

Olano et al. » Urban malana transmission tn Buenaventura, Colombia



FIGURE 3. Daily biting activity found for
Anopheles aibimanus between 6 p.m. and
midnight in urban Buenaventura
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oreeding pia:es——includinc* axcava-

:J.E:Lz{., s, ang

iculure ponds, |

of standing rainwarnen An-
ner neteworthv finding was the

neival in promeliiads, its
zsual breeding habitat, Other authors
< have Dreviouslv rer ' i
from the municipaiity of
—naramoira, Choco, Colombia, wi
-. nerval was jound in bromeliacs and
was reporied as a local maiaria VECtor.
Potenzal anopheline breeding sites
were also identified in six commu-
nites netghboring Buenaventura, but
were only detected in
Zacarias, and Gamboa.
standing rainwater and ponas for
raising fish and/or cravtish provided
:ne potential breeding sites where
A nyneziovar: larvae were most often
detected, and these ponds were the
ites that contained the greatest larval
density square meter of surface
area. Similar results have been re-
: ‘rom other malarious areas
301, wnere ponds designed o raise
iish commercially have been round .to
as active oreeding sites. These
indings should be borne in mind by
_:‘-' olic health authonties when orepar-
control measures
'-.'he fact that manv of the active
mosquitc oreeding sites tfound ap-

SmAineg
InaIngs

mosguitoes
Sirroneila,

i

oer

FIGURE 4. Fluctuations in Anopheles albi-
manus biting activity (intradomiciliary and
peridomiciliary data combined) compared
to monthly rainfall data for urban Buena-
ventura from June 1893 through May 1994
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peared persistent indicates that a per-
manent entomologic surveiilance svs-
tem should be estanhsneq under the
control program to detect new mos-
quito breeding sites. [t is also necessary
to plan interventons with acive com-
munity participation, keeping in mind
the breeding sites’ reievant reatures.
We round that th '“iti::g rates of A.
albimanus increased arter peak rainfall,
a finding similar to those of other re-
searchers cited by Frederickson (22). In
Buenaventura, this species had an ex-
ophagous tendency, which also corre-
sponds to results revor*ﬂci in other
ublished studies (3, 31). The oniv ap-
parent excepuon to this exophagous
pattern in our studv came in August
and Septemper, when there was little
outside biing and relatively high bit-
ing rates inside dwellings. This un-
usual pattern was probably due to
heavy raintall during some of the coi-
lection davs in August, as weil as non-
compietion of pianned noc¢turnal coi-
lection activitres in Septemoer.
Regarding peak periods ot dailv bit-
Ing actvity isee Figure 3, we found
that peak peridomiciliary activity oc-
curred berween » p.m. anc Y p.m. and
roilowed a downward trend until mid-
nght. A similar nas been
noted in El Salvacor 132), and other re-

-ﬂdlleﬂﬂ
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FIGURE 5. Fluctuations in Anopheles albi-
manus biting activity (intradomiciliary and
peridomiciliary data combined) compared
to monthly malaria cases recorded in urban
Buenaventura from June 1993 through May
1994
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searchers have reported activity peaks
before midnight in Central America
and the Caribbean (22). In contrast to
the results of this study, however,
Quinones et al. (3) reported a variable
biting pattern in Colombia between 6
p.m. and 11 p.m., both inside and out-
side dwellings.

The arorementioned coilecting of
adult anophelines done in October
and November 1993 took place be-
tween 6 p.m. and 6 a.m. inside dwell-
ings lintradomiciliary collections) and
at two times, from 6 p.m. to midnight

and from 3 a.m. to 6 a.m. around
dweilings ";e ridemiciliary  collec-

tions), foilowing the methodologv
suggested bv

Elliot (33). The inta-
domiciliary data qucared that a sec-
ond peak of biting activity occurred
between midnight and 1 a.m., a pat-
tern noted elsewhere bv other re-
searchers (12). Between 5 a.m. and 6
a.m. there was again found to be more
miciliary

piang achvity, a rmc'.nc suriiar to that

peridomuciliary than :natrader

: \

or Rivera and Lopez (34} 1n Nicaragua,
t0 exhibit
activity n this period.
Overail. :ne resuits optainecd lead to
the conciusion that A, allimanus ex-
hibits pnmanly exopnagous dehavior
that 1s most intense in the first hours of

whe found A, aibimanus

peak

DI.,.'}‘.‘:



the night, a point that needs to be
considered when carrving out malaria
prevention activities. Regarding the
physiologic age of A. albimanus in the
studv area, our paritv data indicate
that 2 very voung population is cur-
rently being subjected to pressure by
insecticide spraving.

In Sitronella, 79% of the adult
anopheline mosquitoes collected were
A. nuriezigvari. This mosquito, consid-
ered the principal malaria vector in
Colombia, is known to have either of
two basic biting patterns. The first is
typical of an exophagous zoophilic
spedies that bites at dusk. while the
second is characteristic of an Intra-
domiciliary anthropophilic species
that bites late at night. The latter pat-
tern, which has been observed in
northern Colombia and western Vene-
zuela (33), is the one associated with
ransmission of the malaria parasite to
man. However, Tade! and Correia in
Manaus, Brazil {3¢], found that the
A. nmwieztovart there exhibited both
exopnilic and anthropophilic ‘enden-

cles, anc ‘*hat theirr bitin
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Resting collections in animal shel-
ters, i.e. corrals or stables, indicated a
relatively low density of A. albimanus
in such shelters. These findings con-
trast with those in other areas where in
only two hours (6 p.m. to 8 p.m.) over
1000 specimens of that species could
be collected (V. Olano, unpublished
data). The fact that beef cattle are not
present in the study area makes the
species have generally anthropophilic
habits, and it is possible that this influ-
ences malaria transmission in Buena-
ventura. In addition, the fact that we
did not find adult mosquitoes at rest in
natural vegetation affirms the diffi-
culty of using this technique as a sam-
pling method. Other researchers have
reported similar results (22).

No statistically significant correla-
tion was found between the biting
rate for a given month and the number
of malaria cases in the urban area of
Buenaventura. Other researchers (38)
have pointed out that the increase in
the number of mosquitoes after the
rainy period mav reduce the propor-
tion of infected anopheiines, which in
turn could reduce the rate of malaria
transmission.

In general. it should be noted that
comprehensive vector conrrol and en-
tomologic surveillance activities in-
clude not oniv the destruction of
breeding sites, but also phvsical and
biologic vector control. dissemination
of information, and education of the
community. Within this context, the
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information gathered by this study on
anophelines’ hematophagous habits,
biting rates, and vector behavior in the
Buenaventura area has permitted de-
sign of a malaria control intervention
in Buenaventura that has also taken
into account the knowledge, attitudes,
beliefs, and practices of the popula-
tion, as well as the risk factors associ-
ated with malaria.
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