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The 1992 study reported here assessed relationships between potable water supply and trash
collection practices and the prevalence of dengue vector mosquito (Aedes aegypti) breeding
sites in 30 towns located along the north coast of Venezuela. Within each study town, 100
homes were chosen. At each of these homes the number of water-bearing containers and
containers harboring A. aegypti were determined and interviews were conducted to obtain
information about the local water supply, trash collection services, and excreta disposal. In
general, A. aegypti breeding indexes were high: 55% of the residences were found to harbor
A. aegypti immature forms; there was an average of 118 breeding sites per 100 residences;
and 24% of the water-bearing receptacles were observed to contain the mosquito. The sta-
tistical method of principal component analysis was employed to rank the 30 towns in terms
of variables describing public service deficiencies, and correlations existing between the var-
inbles studied were determined. Direct correlations were found between two water supply
variables (frequency and duration of water supply interruptions), between the excreta disposal
and trash collection variables, between the duration of water supply interruptions
and the Aedes breeding indexes, and between the duration of water supply interruptions and
the mean number of A. aegypti breeding sites found in water storage containers. Quverall,
the towns with the poorest services were found to have the highest breeding indexes and the
greatest numbers of water storage containers harboring the mosquito. It is concluded that
public service (water supply and waste disposal) deficiencies were largely responsible for A.
aegypti propagation in the study towns. Accordingly, it is recommended that local programs
be implemented for recycling containers, constructing water storage tanks that cannot harbor
Aedes larvae, and conducting health education and community participation campaigns

directed against the mosquito.

he appearance of dengue hemor-
rhagic fever epidemics in the Ca-
ribbean has made it advisable to update
information on the breeding of Aedes ae-
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gypti in the region, so that wide-ranging
control initiatives may be adopted. In ad-
dition, the increasing spread of Aedes al-
bopictus in the Americas justifies explo-
ration of the causes behind current
prevalences of its larvae in breeding con-
tainers. In this vein, it should be noted
that a common characteristic of tropical
countries in the Americas is accelerated
urban growth without corresponding de-
velopment of basic public services (1, 2);
and so it is important to know this sit-
uation’s impact upon the breeding of
dengue vectors. For example, it is well
known that discarded containers that catch
rainwater (used tires, tin cans, scrap metal,
etc.) provide aquatic habitats for imma-
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ture forms of A. aegypti; and hence it is
reasonable to suppose that deficiencies in
trash collection services may encourage
an accumulation of containers promoting
A. aegypti propagation, dengue transmis-
sion, and increased risk of dengue hem-
orrhagic fever (3).

Also, although water storage con-
tainers (tanks, cisterns, metal drums),
containers for ornamental plants and
flowers, and drinking pans for animals
also contribute to the breeding of A. ae-
gypti, their utility makes their elimination
difficult. Since such containers are used
in dry as well as rainy seasons and are
filled manually, A. aegypti is able to find
breeding sites throughout the entire year
regardless of rainfall patterns.

Several authors have linked poor po-
table water supply services to promotion
of A. aegypti breeding-places in water
storage containers (I, 2, 4-14). Such
breeding-places appear to play a signifi-
cant role in many countries (5, 12, 14-
22). It has also been pointed out that es-
tablishment of an appropriate piped water
storage system contributes to reduction
of A. aegypti breeding levels (23, 24). In
addition, one recent study in a coastal
Venezuelan town revealed a positive cor-
relation between the frequency of inter-
ruptions in the supply of piped water to
dwellings and A. aegypti breeding (25). It
was found that part of the population
that experienced few water supply inter-
ruptions nevertheless continued to store
water and breed A. gegypti. This obser-
vation, together with a finding that the
entire village population was without
water for periods of days or weeks on
end as a result of frequent breakages in
the water mains, led to a hypothesis that
the presence of numerous water storage
containers would depend not only on the
frequency of water supply interruptions
but also on the amount of time that peo-
ple were without water. For this reason,
it was felt important to examine the re-
lationships involved, since their impli-
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cations for A. aegypti breeding and den-
gue transmission could mean that the
criterion of ““a good piped water supply”
should include an uninterrupted supply
of water to the general public.
Preliminary observations made in var-
ious towns and in marginal areas of large
cities suggest that A. aegypti breeding in
domestic water storage containers could
become widespread in Venezuela, which
in turn would render control extremely’
difficult. The study reported here was
conducted to assess the prevalence of such
containers and A. aegypti in a sample of
30 Venezuelan towns and to test the hy-
pothesis that the abundance of such
breeding-places is related to the fre-
quency and duration of interruptions in
piped water services. The study also ex-
plored relationships between the abun-
dance of discarded receptacles containing
A. aegypti and deficiencies in trash col-
lection and excreta disposal services.

MATERIALS AND METHODS

Initially, 30 northern coastal towns were
selected, an effort being made to select
ones with similar climatic conditions.
Those selected were all large enough
(>2 500 inhabitants) to be considered im-
portant population centers (most had be-
tween 5 000 and 50 000 residents) (26).
Large cities were avoided because their
heterogeneous nature would have made
large sample sizes necessary in order to
obtain adequate representations of the
basic services supplied and A. aegypti
breeding patterns.

To help determine the importance of
water storage containers as A. aegypti
breeding sites, an effort was made to se-
lect the sample during the north coast’s
season of least rainfall (November—May),
the towns actually being visited in April-
June 1992,

One hundred dwellings were visited in
each town. In selecting this 100-residence
sample, the different neighborhoods or



groups of homes exhibiting relative uni-
formity within each town were visited.
The sampling area was then divided into
three or four groups, and an attempt was
made to cover the greatest area possible.
Strictly commercial and industrial areas
were excluded. In residential neighbor-
hoods and housing developments, one
out of every three to five homes was se-
lected. When it was not possible to obtain
a response at one home, a visit was made
to the next. Each dwelling was inspected
in order to locate all receptacles contain-
ing water and A. aegypti larvae. In ad-
dition, sufficient information was ob-
tained to determine the following
variables: the domestic A. gegypii index
(the percentage of homes having at least
one A. aegypti breeding site), the Breteau
index (the number of breeding sites per
100 dwellings), the index of positive re-
ceptacles (the percentage of receptacles
containing the vector relative to the total
number of water-bearing receptacles), and
the number of receptacles in each of var-
ious categories containing A. gegypti.

At each home visited the housewife
was interviewed and asked to fill out a
questionnaire designed to determine the
size of the home’s patio or yard (site of
most A. aegypti breeding-places) and to
assess deficiencies in water supply, trash
collection, and excreta disposal.

To provide a basis for estimating waste
disposal and water supply deficiencies,
the housewife was presented with var-
ious questions and asked to check off one
of several possible answers. The matters
covered and answers listed were as fol-
lows: the source of potable water (1. water
pipes present inside and outside the
house, 2. water pipes present only out-
side the house, or 3. water supplied by
tank truck); the frequency of interrup-
tions in the piped water supply (1. never,
2. sometimes, 3. every two weeks, 4.
weekly, or 5. daily); the duration of the
interruptions (1. hours, 2. days, 3. weeks,
or 4. months); the existence of urban home

trash pickup (1. yes, 2. no); the frequency
of trash pickup (1. daily or thrice weekly,
2. twice weekly, or 3. weekly); the nature
of the excreta disposal system (1. inside
the home and connected to a sewer sys-
tem, 2. inside the home and connected
to a septic tank, 3. outside the home, or
4, no service); and yard size (1. no yard,
2. small patio, 3. medium-sized patio, or
4. large yard).*

Each response was assigned a value
within a range designed to rank the de-
gree of service deficiency. Such deficien-
cies ranged from none (e.g., frequency
of water supply interruption: 1 = never)
to extreme (e.g., frequency of interrup-
tion: 5 = daily).

The statistical methods used consisted
of descriptive statistics, rank correlation
analysis (nonparametric), and principal
component analysis. The reason for cal-
culating nonparametric correlations was
to determine whether any degree of as-
sociation existed between pairs of vari-
ables. The principal component analysis
was used to rank the towns as a function
of linear combinations-—combinations
calculated on the basis of the variables
describing public service deficiencies. In
addition, the principal component an-
alysis served to determine whether the
number of public service-related vari-
ables needed to explain the observed
variation between the towns could be re-
duced, so as to get an idea of the rela-
tionship between these variables and
permit ranking of the towns according to
the linear combinations obtained. It was
hoped, in calculating principal compo-
nents, that each linear combination ex-
plaining a major portion of the total
variation would have some biologic
significance that would make it possible

“A small patio was much smaller than the home’s

area, a medium-sized patio was about the size of
the home’s area, and a large yard was larger than
the home’s area.
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to interpret the results as relating to some
specific cause (e.g., water supply defi-
ciencies). It should also be noted that when
the towns were ranked according to such
causes, estimates were also made of A.
aegypti breeding levels and the most com-
mon types of breeding-places (e.g., water
storage containers). :

RESULTS

Of the 3 000 homes surveyed, 98.1%
had potable water hookups, most (74.8%)
both inside and outside the house. Only
1.9% received their water exclusively from
tank trucks. The mean water source var-
iable scores in different towns ranged from
1.0 to 1.9, the overall mean being 1.3.
Regarding the frequency of water supply
interruptions, only 8.1% of those sur-
veyed indicated that their water service
was never interrupted. In 49.1% of the
homes, water service interruption (for
hours at a time) was said to be occasional
while in 42.7% interruptions were said to
occur weekly (13.7%) or daily (29.0%).
The mean town scores for this variable
ranged from 1.5 to 4.7, the overall mean
being 3.0. Regarding the duration of in-
terruptions, 30.6% of those interviewed
said water service interruptions were a
matter of hours, while 53.1% indicated
that their water supply was commonly
interrupted for days (36.8%) or weeks
(16.3%) at a time. The mean town values
for this variable ranged from 1.2 to 3.4,
the overall mean being 1.9.

Most of the dwellings had an excreta
disposal system inside the house con-
nected to a sewer system (51.6%) or sep-
tic tank (38.6%); less than 10% disposed
of excreta in latrines outside the home
(4.5%) or had no disposal facilities at all
(5.3%). The mean town scores for this
variable ranged from 1.0 to 2.6, the over-
all mean being 1.6. Most (80.7%) of those
interviewed said they had home garbage
pickup, while 19.3% said the residents
disposed of their trash themselves (by
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burning, etc.). The mean town scores for
this variable ranged from 1.0 to 2.0, the
overall mean being 1.2. At homes where
garbage was picked up, the respective
percentages of interview subjects report-
ing weekly, twice-weekly, and daily pick-
ups were 29.5%, 48.5%, and 22.0%. The
mean town values for this variable ranged
from 1.1 to 3.0, the overall mean being
2.2. Regarding yards, 7.4% of the resi-
dences surveyed had no yard, 28.4% had
small yards, 12.7% had medium-sized
yards, and 51.4% had large yards. The mean
town scores for this variable ranged from
1.7 to 3.6, the overall mean being 3.1.

Analysis of nonparametric correlation
(Spearman’s correlation coefficient) be-
tween pairs of variables representing
public service deficiencies (Table 1) re-
vealed a highly significant positive cor-
relation (P < 0.01) between the reported
frequency of water supply interruptions
and the reported duration of such inter-
ruptions. The analysis also showed pos-
itive correlations between pairs of varia-
bles relating to excreta disposal, provision
of garbage collection, frequency of gar-
bage collection, and yard size. It should
be emphasized that no significant corre-
lations were found between the water
supply variables and those relating to
waste disposal or yard size.

The principal component analysis,
conducted in order to rank the towns sur-
veyed as a function of the public service
variables, made it possible to reduce the
number of variables to five and to ex-
clude the source of potable water and
yard size variables. In addition, the anal-
ysis was able to account for 71.4% of the
variation following calculation of the first
two components (Table 2). The first prin-
cipal component was a linear combina-
tion with important positive weights for
the excreta disposal, provision of garbage
collection, and frequency of garbage col-
lection variables (Table 2). The second
principal component was a linear com-
bination with high weights for the fre-



Table 1. Spearman’s nonparametric correlation coefficients among variables indicating a deficiency in public services in 30

coastal towns of Venezuela, 1992.

Frequency of

Provision of

Duration of

Frequency of

water supply Excreta garbage garbage
disposal collection

interruptions

water supply
interruptions

Yard size

collection

Frequency of water supply

—0.08 (NS) —0.17 (NS) —0.33 (NS) —0.22 (NS)

+0.60*

interruptions
Duration of water supply

+0.02 (NS)

+0.33 (NS) +0.01 (NS)
+0.46* +0.52*

+0.47%

+0.31 (NS)

interruptions
Excreta disposal

+0.46"
+0.58*

+0.36 (NS)

Provision of garbage collection
Frequency of garbage collection

Yard size

*

P < 0.01.
t =P <0.05.

NS = not significant, P > 0.05.

Table 2. Analysis of principal components
for 30 Venezuelan coastal towns based on
variables indicating deficiencies in public
services, 1992.

Percentage variation
explained by each
principal component

Components % Cumulative %
1 39.76 39.76
2 31.66 71.42
3 13.11 84.53
4 8.73 93.26
5 6.74 100.00

Linear combinations

First Second

Variables component  component
Frequency of

interruptions -0.13 0.69
Duration of

interruptions 0.28 0.66
Excreta disposal 0.60 0.06
Garbage collection 0.57 0.01
Frequency of garbage

collection 0.46 —-0.28

quency of water supply interruptions and
the duration of such interruptions. In this
statistical method, each component is a
linear combination of independent, or-
thogonal, noncorrelated variables with the
other components. The high observed
correlation (Table 1) between the two
water supply deficiency variables and the
absence of any correlation between them
and the rest of the variables supports a
conclusion that the principal component
analysis has separated these two groups
of variables into two independent com-
ponents with no intercorrelation.

Figure 1 locates the study towns in terms
of the values obtained for the variables
having the greatest weight in each of the
two principal components. For example,
the second principal component (charted
on the Y-axis) relates to the frequency of
water service interruptions and the du-
ration of such interruptions. It is sup-
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Figure 1. Ranking of the 30 towns as a function of the first two principal
components (see Table 2) describing the deficiency in public services.
Reported waste disposal deficiencies increase from left to right along the
horizontal (X) axis. Reported potable water supply deficiencies increase
from bottom to top along the vertical (Y) axis.
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posed that the towns having the highest
combined values for these variables will
be ranked toward the positive end of the
second principal component. Thus, the
second principal component makes it
possible to rank the towns from those
having the lowest frequency and dura-
tion of interruptions (toward the bottom
of the figure) to those having the highest
scores for these variables (toward the top
of the figure). The same reasoning ap-
plies to the first principal component
(charted on the X-axis), which takes si-
multaneous account of the variables that
received the highest scores with regard
to excreta disposal, provision of garbage
collection, and frequency of garbage col-
lection. The resulting Figure 1 chart ranks
the study towns as a function of the two
groups of independent variables. At the
upper right are the towns with the great-
est simultaneous water supply and waste
disposal deficiencies (e.g., El Palito, Par-
aguaipoa, Puerto Piritu, and Sinamaica).
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At the lower left are those with the least
simultaneous water supply and waste
disposal deficiencies (e.g., Cumana, Ca-
ripano, and La Vela). This ranking will
be used later to explore relationships be-
tween these public service deficiencies and
the variables used to describe A. aegypti
breeding in each town.

The domestic A. aegypti indexes (the
percentages of habitations with A. ge-
gypti) that were found for the various
towns in the course of the study ranged
from 24% to 85%, with the mean for all
30 towns being 55%. The Breteau index
for the towns ranged from 38 to 263
breeding sites per 100 dwellings, with an
overall mean of 118 for all the towns. The
index of positive receptacles (the per-
centage of water-bearing vessels contain-
ing A. aegypti) in the various towns ranged
from 12% to 40%, the overall mean for
the 30 towns being 24%.

The principal types of receptacles found
to contain A. aegypti larvae or pupae were



as follows: water storage containers (both
water tanks and 208-liter metal drums);
ornamental containers (vessels for flow-
ers or plants that were filled with water
or dirt and that had no form of drainage);
watermg pans for d aogs, cats, chickens,
and other small domestic animals; and
miscellaneous receptacles that typically
held water after a rain (used tires, tin
cans, scrap metal, etc.). As Figure 2 in-
dicates, the most commonly found water-
bearing receptacles were miscellaneous
containers, such as soft drink bottles, dis-
carded in yards outside the homes (152
per 100 homes), followed by water stor-
age drums (141 per 100 homes). How-
ever, A. aegypti larvae and pupae were
found most often in the latter (57 homes
per 100 had drums containing A. aegypti),
followed by ornamental containers (20
homes per 100), other containers includ-
ing bottles (19), water storage tanks (8),
tires (6), cans (4), and animal drinking
pans (4). The percentages of each type of
container holding water that were posi-
tive for A. aegypti were as follows: water
storage drums, 40.3%; ornamental con-

tainers, 37.4%; tires, 35.3%; water stor-
age tanks, 21.5%; cans, 14.5%; other con-
tainers, 12.2%; and animal drinking pans,
7.8%.

The receptacles found to contain A. ge-
gypti were grouped into four categories:
containers for storing drinking water
(tanks, drums, etc.); ornamental con-
tainers (flower pots, planters, etc.); ani-
mal watering pans; and disposable items
(tires, cans, bottles, scrap metal, etc.). In
24 of the 30 towns (80%) it was observed
that water storage containers (consisting
primarily of metal drums) constituted the
most prevalent breeding sites, while in
five towns ornamental vessels were pre-
dominant and in one town disposable
container breeding sites predominated.
There were only two towns where one
type of container accounted for virtually
all the A. aegypti breeding sites, the types
involved being water storage containers
in one case and ornamental vessels in the
other. In several towns, however, the
number of breeding sites found in some
individual category of receptacles was
comparatively quite low, and water-

Figure 2. Average numbers of various types of receptacles
found to contain water (light bars) and immature Aedes
aegypti (dark bars) per 100 houses sampled in the 30 study

towns.

Mean number of receptacles per 100 residences

Storage

Ornamental  Others  Water Tires Cans  Animal
drums  vessels tanks drinking
Type of receptacle pans
I Receptacles with water Receptacles with A. aegypti
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bearing ornamental vessels were almost
completely absent in nine towns.

The prevalence of water storage con-
tainer breeding sites was remarkable in
several towns where the Breteau indexes
were quite high, a finding that reflects
the importance of such containers.
Analysis of the nonparametric correlation
between variables indicating A. aegypti
breeding revealed highly significant pos-
itive correlations (P < 0.01) between the
three indexes (the domestic A. aegypti in-
dex, Breteau index, and positive recep-
tacle index) (Table 3). It also revealed
highly significant correlations (P < 0.01)
or significant correlations (P < 0.05) be-
tween the numbers of A. aegypti-positive
water storage containers and animal
drinking pans per 100 homes and the three
A. aegypti indexes. However, no positive
correlations were found between the
numbers of breeding sites detected in dif-
ferent container categories.

Analysis of correlations between public
service deficiency variables and imma-
ture A. aegypti prevalences (Table 4) in-
dicated that the reported duration of in-
terruptions in the drinking water supply
was the only variable exhibiting signifi-
cant correlations with the A. aegypti in-
dexes. The strongest of these correlations
was found between the duration of in-
terruptions and the Breteau index. The
number of A. aegypti breeding sites found
in water storage containers also showed
a positive and highly significant correla-
tion (P < 0.01) with the duration of water
supply interruptions. In addition, the
number of breeding sites found in or-
namental vessels exhibited highly signif-
icant negative correlations (P < 0.01) with
deficient excreta disposal systems and the
frequency of garbage collection, which
indicates the presence of fewer breeding
sites of this type where the status of such
services was poor. A noteworthy but not
statistically significant relationship (P >
0.05) was also observed between yard size
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Table 3. Spearman’s nonparametric rank correlation coefficients among variables indicating the breeding of Aedes aegypti in 30 coastal

towns of Venezuela, 1992.

A. aegypti in

A. aegypti in

A. aegypti in

Positive
receptacles

Domestic

ornamental A. aegypti in disposable

storage
receptacles

Breteau

Aedes

containers
+0.45*

drinking pans
+0.437
+0.58*
+0.44*

vessels
+0.21 (NS)
+0.37¢

index index

index

+0.65*
+0.57*
+0.77*

+0.87*

+0.81*

+0.76*

Domestic Aedes index

+0.32 (NS)
+0.47*

Positive receptacles index

Breteau index

+0.23 (NS)
—0.24 (NS)

+0.14 (NS)
~0.05 (NS)

+0.17 (NS)

+0.25 (NS)
+0.17 (NS)

A. aegypti in storage receptacles
A. aegypti in ornamental vessels
A. aegypti in disposable contatners

A. aegypti in drinking pans

* = P<0.01.
= P<0.05

NS = not significant, P > 0.05.



Yard size

garbage
collection
—0.17 (NS)

—~0.14 (NS)
—0.12 (NS)
+0.16 (NS)

Frequency of
—-0.51*

garbage

g the breeding of Aedes aegypti and variables
collection

Proviston of

Excreta
disposal

water supply
interruptions

Duration of

water supply

Frequency of
interruptions

Table 4. Spearman’s nonparametric rank correfation caefficients among variables indicatin

indicating deficiencies in public services in 30 coastal towns of Venezuela, 1992,
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+0.24
+0.20
+0.36
+0.11
+0.11

Domestic Aedes index

Index of receptacles

A. aegypti in storage containers
A. aegypti in ornamental vessels
A. aegypti in drinking pans

A. aegypti in disposable

Breteau index

~0.05 (NS) +0.25 (NS

5)

+0.20 (N

-0.07 (NS)

—0.03 (NS)

5)

-0.19 (N

NS = not significant, P > 0.05.

containers
* = P<0.01.,
t = P <0.05.

and the numbers of A. aegypti breeding
sites found in animal drinking pans.
The ranking of the 30 towns in accord-
ance with the two principal components
calculated (see Figure 1) can be used to
assess the impact of public services on
the Aedes indices compiled. By consid-
ering each of the four quadrants into
which Figure 1 is divided (Quadrant I is
to the lower left, Quadrant II is to the
lower right, Quadrant III is to the upper
left, and Quadrant IV is to the upper
right) it is possible to chart the scores of
the Aedes breeding indices for the towns
in each quadrant, as has been done in
Figure 3. As may be seen, the towns with
the least deficient public services (in
Quadrant I) had the lowest mean A. ae-
gypti indexes, while those with the most
deficient services (in Quadrant 1V) had
the highest mean A. aegypti indexes.
Quadrant II, which along with Quadrant
1V contains the towns with the worst trash
collection services, exhibits the highest
average numbers of A. aegypti breeding
sites found in disposable containers. The
two upper quadrants (III and IV), which
contain the towns with the worst potable
water supply services, exhibit the highest
average numbers of A. aegypti breeding
sites found in water storage containers.

DISCUSSION AND
CONCLUSIONS

To help assess the importance of water
storage containers (e.g., receptacles that
the study population typically kept filled
with water) as breeding sites for A. ae-
gypti, this study was conducted at the
end of the dry season, thus minimizing
the effect of rainfall. Still, in order to con-
sider the effect of rainfall on generation
of breeding sites and to isolate it from
the effects of the public service variables,
it would have been appropriate to have
the analysis include rainfall data for the
30 days preceding the sampling visits in
each town. This could not be done, as it
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Figure 3. A. aegypti breeding indexes and percentages of various containers positive for the
mosquito in study towns in four groups corresponding to the four quadrants of Figure 1, as
follows: I. towns with relatively slight water supply and waste disposal deficiencies; Il. towns
with relatively great waste disposal deficiencies and relatively slight water supply deficiencies;
lli. towns with relatively slight waste disposal deficiencies and relatively great water supply

deficiencies; and IV. towns with relatively great waste disposal and water supply deficiencies.

150 200 100 150 200

D 50 100 150 200 0 50 100 150 200

Domestic Aedes index.
Breteau index.

*

1

1 Index of positive receptacles.

§ Breeding sites in ornamental vessels (No. per 100 residences)

il Breeding sites in animal drinking pans (No. per 100 residences).

9 Breeding sites in water storage containers (No. per 100 residences).
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was not possible to obtain data from a
sufficiently large number of the towns
surveyed to render an appropriate statis-
tical treatment. The existence of water-
bearing receptacles that normally fill up
with rainwater (e.g., discarded tires, cans,
bottles, etc.) in the areas surveyed re-
veals that rainfall did indeed have an ef-
fect, particularly because the sampling
extended up to the beginning of the rainy
season. However, it is presumed that
during the course and end of the rainy
season the number of A. aegypti breeding
sites in discarded receptacles is consid-
erably greater than during the dry sea-
son, which in turn could increase Aedes
indices in the former period.

Our results showed that in most study
towns (80%) water storage receptacles
were the most prevalent A. aegypti breed-
ing sites, and that 208-liter drums typi-
cally had the highest levels of infestation.
Although 30 towns constitute a relatively
small sample for drawing conclusions
about the importance of such breeding
sites throughout the entire country, the
high percentage of towns in which this
result was observed raises the possibility
that water supply service deficiencies are
common and have an important impact on
the breeding of A. aegypti in Venezuela.

Water storage drums appear to be com-
monly used in several Caribbean coun-
tries, where these containers are impor-
tant A. aegypti breeding sites (14, 17, 19—
21). Moreover, the containers’ presence
has been related to potable water supply
deficiencies and low socioeconomic lev-
els (14, 27). Since most homes visited in
our study had hookups for a piped water
supply, and since the frequency and du-
ration of interruptions in that water sup-
ply were associated with the abundance
of storage container breeding sites, it is
concluded that the irregularity in water
supply service is to a large extent re-
sponsible for the high prevalence of A.
aegypti. This study therefore supports the
previously presented theory (25) that de-

priving the general public of water for
prolonged periods is inadvisable, among
other things because it promotes water
storage on an individual basis in con-
tainers that make good A. aegypti breed-
ing sites.

The higher prevalences of disposable
containers, typically accumulated in yards
outside of homes, that were found in the
towns with relatively poor waste disposal
services (see Figure 3) underscore the im-
portance of this service (3, 25). More gen-
erally, since the A. aegypti breeding in-
dexes were highest and were associated
with a greater abundance of breeding sites
in those towns having the worst public
services (water supply, trash collection,
excreta disposal, etc.), it seems reasona-
ble to conclude that deficiencies in such
services were responsible for breeding of
A. aegypti in these areas.

One way of controlling A. aegypti would
be to provide the entire population with
adequate basic services. However, the
problem in Venezuela is not a lack of
broad-based basic service coverage, but
rather the low quality of such services
and the irregularity with which they are
provided. In addition, it has been sug-
gested (25) that even after providing ad-
equate public services (such as an unin-
terrupted supply of potable water) to the
public, it would be some time before no-
ticeable changes occurred in the way water
was stored; indeed, such changes might
not occur until people were able to de-
termine for themselves that there was
nothing to be gained from maintaining
individual supplies of water. Further-
more, the provision of quality public
services in developing countries would
appear to be an impossible short-term goal;
and since dengue outbreaks will continue
to occur during this period, it will be nec-
essary to develop alternative approaches
to implementing control measures. The
prevailing potable water supply deficien-
cies and the resulting practice of storing
water might be addressed over the short
203
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term by promoting construction of water
storage systems in which A. aegypti are
unable to thrive (4). In addition, elimi-
nation of solid waste (including bottles,
cans, etc.) that can harbor A. aegypti is to
a great extent a municipal responsibility.
It would thus seem advisable to encour-
age creation of microenterprises for re-
cycling receptacles (tires, glass, metal,
plastic, etc.) and other waste such as pa-
per, and also to teach trash collection firms
how to promote regular disposal of con-
tainers accumulating in yards outside of
homes. Along these same lines, health
education programs (particularly those
aimed at children and community lead-
ers) will require continuing support albeit
with full knowledge that such programs
will be ineffective unless accompanied by
concrete prospects for reconciling mos-
quito control efforts with basic public
needs (2). Such education programs are
essential for controlling A. aegypti breed-
ing sites in both private areas and in pub-
lic places (such as flower stands in cem-
eteries, for example), the environmental
handling of which must consider both lo-
cal customs and the need to have residents
support any measures taken (26-30).
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