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in Caribbean populations of Aedes aegypti
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ABSTRACT

To monitor resistance to insecticides, bioassays were performed on 102 strains of the dengue
vector Aedes aegypti (L.) from 16 countries ranging from Suriname in South America and
through the chain of Caribbean Islands to the Bahamas, where the larvicide temephos and the
adulticide malathion have been in use for 15 to 30 years. There was wide variation in the sen-
sitivity to the larvicide in mosquito populations within and among countries.

Mosquito strains in some countries such as Antigua, St. Lucia, and Tortola had consistently
high resistance ratios (RR) to temephos, ranging from 5.3 to 17.7. In another group of coun-
tries—e.g., Anguilla and Curagao—mosquitoes had mixed levels of resistance to temephos
(RR = 2.5-10.6), and in a third group of countries, including St. Kitts, Barbados, Jamaica, and
Suriname, mosquitoes had consistently low levels of resistance to temephos (RR = 1-4.6) (P <
0.05). On occasion significantly different levels of resistance were recorded from neighboring
A. aegypti communities, which suggests there is little genetic exchange among populations.

The impact of larval resistance expressed itself as reduced efficacy of temephos to kill mos-
quitoes when strains were treated in the laboratory or in the field in large container environ-
ments with recommended dosages. Although a sensitive strain continued to be completely con-
trolled for up to 7 weeks, the most resistant strains had 24% survival after the first week. By
week 6, 60% to 75% of all resistant strains of larvae were surviving the larval period.

Responses to malathion in adult A. aegypti varied from a sensitive population in Suriname
(RR = 1.3) to resistant strains in St. Vincent (RR = 4.4), Dominica (RR = 4.2), and Trinidad
(RR = 4.0); however, resistance was generally not on the scale of that observed to temephos in
the larval stages and had increased only slightly when compared to the levels that existed 3 to
4 years ago.

Suggestions are made for a pesticide usage policy for the Caribbean region, with modifica-
tions for individual countries. This would be formulated based on each country’s insecticide-
resistance profile. Use of physical and biological control strategies would play a more critical
role than the use of insecticides.

Aedes aegypti (L.), the only known
vector of dengue, dengue hemorrhagic
fever, and dengue shock syndrome
in the Caribbean as well as a potential
vector of urban yellow fever, has con-
tinued to wreak havoc in the region by

1 Caribbean Epidemiology Centre, Port of Spain,
Trinidad. Mailing address: P.O. Box 114, Port of
Spain, Trinidad.

visiting nearly every country where
there have been outbreaks of dengue
in the past 3 years (1, 2). In an environ-
ment where four dengue serotypes are
endemic (1-3), the virus and its vector
A. aegypti (4-6) challenge the well-
being of the Caribbean people as well
as the vital tourist trade on which
nearly all countries rely. Appropri-
ately, public health authorities have
advocated managing this mosquito at
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its source by eliminating containers
that harbor A. aegypti; in the case of
nondisposable containers (7), chemical
intervention in the form of insecticide
use has been recommended and insti-
tuted in most Caribbean member
countries of the Caribbean Epidemiol-
ogy Centre (CAREC), or CMCs.

The pattern of insecticide use for
management of A. aegypti has been
relatively uniform throughout the
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TABLE 1. Insecticide usage for Aedes aegypti control in selected Caribbean countries

History of insecticide use

Temephos Frequency of Malathion
Country (years of use) temephos use (per year) (years of use)?
Anguilla 17 1 17
Antigua 15 1-2 15
Barbados® 20 2-3 20
Dominica 30 2 20
Grenada 15 2-3 15
Guyana 20 Sporadic 20
Jamaica 25 Sporadic 20
Netherlands Antilles 20 2-3 20
St. Kitts 18 2 15
St. Lucia 30 7 30
St. Vincent 20 34 20
Suriname 20 Sporadic 20
Tortola 30 4 30
Trinidad® 20 34 20

a@ Frequency of malathion use was sporadic in all countries.
b Fenthion was also used.

Caribbean for the past 18-20 years (8,
9). The organophosphorus (OP) insec-
ticides temephos (larvicide) and mala-
thion (adulticide) have been the main-
stay of A. aegypti control and dengue
prevention for some 20-30 years in
CMCs (Tables 1 and 2). With its low
toxicity in mammals, the larvicide
temephos (Abate), with 1% sand-core
granules, has been accepted for use
even in potable water throughout the

subregion, with apparent success.
Conversely, malathion has been used
as an adulticide in thermal fogging or
in ultra-low volume, principally in
times of high prevalence of mosquitoes
or during an outbreak of dengue (9).
Although use of adulticides has
been sporadic in the Caribbean—at
times of dengue outbreaks or when
there are large numbers of annoying
mosquitoes—larvicides have been ap-

plied to wet containers with a fre-
quency of one to four times per year
and up to seven times in one country
(Tables 1 and 2). Such frequent use of
insecticides may have resulted in the
selection of insecticide-resistant popu-
lations in some Caribbean countries
(8-10). What was not altogether clear,
however, was the extent (in countries)
of such resistance and its significance
in terms of the failure to control A. ae-
gypti which may have accompanied
the emergence of insecticide resistance.

Mekuria et al. (10) considered the
problem of resistance of A. aegypti in
the Dominican Republic to be serious
enough to warrant considering control
measures other than the use of pesti-
cides. Rawlins et al. (11, 12) reported
on the recommendation of the use of
predaceous fish and copepods in some
instances when source reduction or
pesticide use was no longer practica-
ble or useful.

This report reviews in detail the
prevalence of temephos resistance in
larval populations and of malathion
resistance in adult populations of A.
aegypti from 16 Caribbean countries.
The impact of reduced control of the
vector in connection with increased re-
sistance is also evaluated. The present
studies form part of a continuing resis-
tance survey reported by Rawlins and

TABLE 2. Organophosphate insecticides used in selected Caribbean countries in 1993 for Aedes aegypti control?

Temephos Temephos Malathion Malathion Malathion
1% S.G. 50% T.G. 96% T.G. 57% E.C. 50% W.P.
Country (ka) (L) (L) (L) (ka) Other OPs
Anguilla 100 0 37 0 0 79 L diazinon 4E
Barbados 175 18 246 0 0 475 kg of fenthion 40% W.P.
Dominica 105 0 26 0 90 150 L pirimiphos-ethyl (Actellic)
Grenada 2 0 37 0 50
Jamaica 38 0 3285 0 0
Netherlands Antilles
(Bonaire only, other NA) 1250 0 416 208 0 15 L chlorpyrifos (Dursban)
St. Kitts and Nevis 327 0 49 0 0
St. Lucia 2948 0 832 0 0 204 kg of 5% temephos
St. Vincent 0 0 132 151 0
Suriname 154 0 3600 0 0
Tortola 0 0 0 0 0
Trinidad and Tobago 1250 0 4800 0 5150

@ As reported by vector control units of Ministries of Health.

S.G. = sand granules; T.G. = technical grade; E.C. = emulsifiable concentrate; W.P. = wettable powder; NA = no data available from Bahamas, Guyana, and Montserrat.
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Hing Wan (9) following a report by
Georghiou et al. (8). In both studies
there was limited geographic diversity
of the populations assayed for the
prevalence of resistance in each coun-
try surveyed. Sometimes only one
strain per country was assayed. In this
report, attempts are made to deter-
mine how widespread (in each coun-
try) is the phenomenon of resistance
among A. aegypti populations and to
measure the reduced efficacy of insec-
ticidal treatment in selected strains of
the mosquito.

MATERIALS AND METHODS
Laboratory studies

One hundred and two strains of A.
aegypti were collected for these studies
from 16 CMCs ranging from Suriname
in South America across the chain of
islands to the Bahamas in the north.
Eggs of each strain—ranging from 200
to 400 per population—were collected
from enhanced ovitraps (13) and
bioassayed for insecticide resistance at
CAREC. This was done between April
1995 and August 1996. Attempts were
made to sample a wide spatial variety
of A. aegypti populations in each coun-
try and also to sample populations
that previously had been assayed and
described (9). Sometimes it was not
possible to obtain A. aegypti eggs from
the precise locations as required.

Also, a known insecticide-sensitive
strain from Trinidad, the CAREC
strain (8, 9), which had been kept at
CAREC for 16 years without exposure
to any chemicals, was used as the sus-
ceptible reference strain. Susceptibility
tests were run on F, to F, generations.

Standard larvicidal and adulticidal
kits and procedures were used for test-
ing insecticide resistance in mosqui-
toes (14, 15). In larvicidal studies, three
replicates of 24 fourth instar Aedes lar-
vae were exposed to different concen-
trations of temephos, malathion, chlor-
pyrifos, fenitrothion, or fenthion. Only
the results of the temephos studies
(performed with larvae) are reported
here. Mortalities were determined
after a 24-hour exposure, and the re-

sults were probit analyzed (16). The
resistance ratios (RRs) were deter-
mined by comparison with the refer-
ence CAREC strain. The tests for each
strain were repeated at different times.

An analysis of variance was per-
formed on the larval RR data, and the
means were further analyzed by
Fisher’s least-significant difference
(LSD) for pairwise comparisons.

Blood-fed females (2—4 days old)
were exposed for various periods of
time to surfaces impregnated with 5%
malathion (15). They were then kept
for 24 h on insecticide-free surfaces,
after which mortality was calculated.
The data from at least three replicate
experiments were probit analyzed to
provide LT, and LT902 values, which
were compared with those of the refer-
ence CAREC strain to obtain RR val-
ues for each strain.

These were calculated as follows:

LC,, or LTy, for
a particular strain

LC,, or LT, for the
CAREC reference strain

RR =

where LC,, is the concentration that
is lethal to 90% of the mosquitoes. Lar-
val populations also were assayed at
0.02 mg/L—the diagnostic dosage for
temephos recommended by WHO—
and mortality for the various strains
was recorded. For a country profile,
the mean RRs for all the populations
assayed and the mortalities recorded
from the diagnostic dosages were
summarized.

Field studies

Tests were designed to detect
whether the observed resistance to
temephos in A. aegypti larvae was
likely to result in failure of control op-
erations depending on the use of stan-
dard dosages of temephos at 1 part per
million (ppm) in a 200-L drum envi-

2 LT, and LT, are the times in minutes required to
kill 50% and 90% of the mosquitoes resting on the
insecticide-impregnated surfaces.
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ronment. The following strains were
selected for the study:

Most resistant Long Look (Tortola),
RR =148
Moderately Calliaqua II (St. Vincent),
resistant RR =109
Less resistant Keartons (St. Vincent),
RR =5.0

Susceptible CAREC (Trinidad), RR =1
Newly hatched (first instar) Aedes
larvae from each strain were counted
into groups of 100 and added to drums
containing 200 L of water treated with
temephos at 1 ppm. There were three
replicates per strain. A CAREC control
(exposed to no insecticide) was also
maintained in three replicates. The
drums were covered with mesh to pre-
vent entry or exit of any mosquitoes
and to reduce the risk of early emer-
gence and escape. After 4 days, all the
surviving and dead Aedes larvae/
pupae were extracted from the drums
with a sweep net and counted. The
study was extended over an 8-week
period. Each week, new first larval in-
stars were added, and at the end of the
week percentage survival was calcu-
lated. Survivors were detected in the
susceptible CAREC strain after about 8
weeks, and the study was halted.

No attempt was made to protect
treated drums from rainfall or direct
sunlight. During the 8-week period
there was a mean daily temperature
range of 25 °C to 33 °C and a mean
daily rainfall of 5.6 mm (ranging from
0-46 mm).

RESULTS
Larvicidal studies

Because of space limitations, the de-
tails of the RR profiles of all 102 strains
from 16 countries that were tested
from the 1995-1996 A. aegypti collec-
tions are not shown in Table 3. What
are shown for each country are the
new RRs for locations that were in-
cluded in the 1992-1993 collections (9)
and data on the populations with the
highest and the lowest RR values for
each country.
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TABLE 3. Variations of resistance ratios (RRs) to temephos, based on CAREC susceptible
strain, in selected Caribbean populations of larval Aedes aegypti for 1995-1996, compared

with 3 years earlier

1992-19932 1995-1996
No. of No. of
populations populations
Country Location RR tested RR tested
Anguilla Valley Health Centre 4.6 4 6.8 4
Little Dix (Rockhole) 14 — — —
Dump site — — 2.0 —
Antigua All Saints Village 5.1 8.3 8
Barne’s Hill — 9.4
Gray’s Farm 6 7.6 —
Deepwater Harbour — — 10.3 —
Joe Mike’s — — 6.4 —
Bahamas Nassau 2.6 1 24 1
Barbados Fortabelle 2.6 1 4
St. George — — 24 —
St. Phillip — — 2.0 —
Dominica Wesley 55 3 6.8 5
Deepwater Harbour 35 — 8.6 —
Roseau 9.4 — 9.6 —
Grenada Grand Anse 8.8 1 8.2
Brooklyn, St. John — — 13.6 —
Sauteurs — — 2 —
Guyana Georgetown 2. 2 24 4
Mabaruma 1 — 1.4
Agricola — — 8.6 —
Jamaica Richmond Park 3. 2 25 12
Hughenden 3.1 — 3.5 —
Sav La Mar — — 14 —
Montserrat Old Bay Road — — 13.1 4
Gages — — 8.2 —
Netherlands Antilles St. Maarten 4.6 1 5
Curagao
Airport — — 10.6 —
University — 25 —
St. Kitts Basseterre 1.4 1 2.6 8
Molyneux — — 4.6
Sea Port — — 1.5 —
St. Lucia Castries 6.7 1 8.3-17.7 7
Dennery — — 5.3 —
St. Vincent Kingstown 3.6 1 — 9
Calliaqua 1 — — 19.4 —
Buccament — — 4.1 —
Suriname Reneprojeht 1.4 1 1.2 6
Lands Hospital 2 — 2.1 —
Diakenessen 1.6 — — —
Paramaribo 1 — — 1.1 —
Tortola Emmanuel Reef 10.2 3 — 10
Sea Cow’s Bay 121 — 6.3 —
Long Look — — 14.8 —
Trinidad St. James 4.4 3 41-6.2 8
Point Fortin 47 — — —
Carenage — — 9.9 —

2 Data from Rawlins and Hing Wan (9).

Overall,

although resistance to

temephos appeared to be omnipresent,
there were interesting variations in
RRs within and among countries (Ta-
bles 3 and 4). Within some countries
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there were consistently high RR val-
ues—e.g., Antigua (RR = 6.4-10.3),
St. Lucia (RR = 5.3-17.7), and Tortola
(RR = 6.3-14.8) (Figure 1). In others,
there was a wide range of RRs—e.g.,

Anguilla (RR = 2.0-6.8) and Curagao
(RR = 2.5-10.6)—sometimes even
when these populations originated
over a relatively small geographic area.
In a third scenario, there were low RRs
over entire countries for which popula-
tion data were available for measure-
ment—e.g., Barbados (RR = 2.0-24),
Jamaica (RR = 1.4-3.5) (from 12 popu-
lations), St. Kitts (RR = 1.6-4.6), and
Suriname (RR = 1.1-2.1). Here, the
mean RRs of these five countries were
significantly lower (P < 0.05) than
those of the other countries (Table 4).

Some of these data are presented in
Figure 1 for four island countries. It is
interesting to note the proximity of the
origin of some strains with different
RR values. Castries I and Castries II
strains (St. Lucia) came from close
proximities (<0.5 km), yet their RRs
differed widely: 8.3 and 17.7, respec-
tively. The moderately resistant Anse
La Raye (RR =5.7), Bel Air (RR = 6.6),
and Bexon (RR = 7.7) populations orig-
inated from just about 10 km away.
The Calliaqua I and II strains (St. Vin-
cent) (RR = 10.9-19.4) originated just
200 m from each other, whereas the
Golden Vale (RR = 5.5) and Brighton
(RR = 5.5) populations were collected
at sites that were separated by only
about 1 km. Overall there was some
resemblance between RRs for 1992-
1993 and those for 1995-1996. There
was a general trend toward an in-
crease in resistance when data for
these periods were compared.

When the data were summarized to
give mean values for countries (Table
4), Tortola (RR = 9.78), St. Lucia (RR =
8.9), Dominica (RR = 8.72), and An-
tigua (RR = 8.30) had the highest na-
tional means for resistance to temephos
(P <0.05). Suriname (RR = 1.48), Barba-
dos (RR = 2.24), Jamaica (RR = 2.45), St.
Kitts (RR = 3.08), and Guyana (RR =
3.60) had A. aegypti populations with
the lowest resistance to temephos.

When country RR means were com-
pared with mean mortality caused by
the diagnostic dosages (Figure 2), the
least resistant A. aegypti strain from
Suriname (RR = 1.48) showed the
greatest mortality (84.08%), and the
severely resistant Tortola strains (RR =
9.78) experienced a mean mortality of
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TABLE 4. Variation of resistance ratios
(RRs) of temephos among Caribbean
strains of larval Aedes aegypti, 1995-1996

Country Strains  Mean RR SD
Antigua 8 8.300 b 1.278
Barbados 5 2.240 a 0.182
Dominica 5 8.720 b 1.154
Grenada 7 8.243 b 3.577
Guyana 4 3.600 a 3.359
Jamaica 12 2.450 a 0.568
Montserrat 4 10.250 b 2.102
Netherlands

Antilles 5 7.260 b 3.475
St. Kitts 8 3.075a 0.984
St. Lucia 7 8.943 b 4.349
St. Vincent 9 8.111b 4.779
Suriname 6 1.483 a 0.366
Tortola 10 9.778 b 2.827
Trinidad and

Tobago 8 5.975b 1.813

Fisher LSD for pairwise comparisons (2.653). Country
means followed by a different letter indicate statistically sig-
nificant differences (P < 0.05).

only 0.30%. Between the two extremes,
slight to moderate levels of resistance
(RR = 2—4) gave 47% to 19% mortality,
and, when treated at the diagnostic
dosage, moderate to severely resistant
strains (RR = 4.0-8.9) had only 1.3% to
18.66% mortality.

Field studies

When the severely resistant Long
Look (Tortola) population was ex-
posed in the field to drum treatments
of 1 ppm of temephos, there was an im-
mediate survival of 24% (by day 4) and
7 days later newly exposed Aedes lar-
vae experienced a survival of 60%,
which rose to 80% 4 weeks after the
containers were first treated (Figure 3).
Similarly, by day 11 the moderately re-

sistant Calliaqua (4%) and the less re-
sistant Keartons (11%) populations had
begun to experience survival at the
1-ppm treatment level. On day 46, the
sand granules containing 1% temephos
continued to be completely effective
against the susceptible CAREC strain
(100% mortality), whereas the various
resistant strains had 45% to 60% sur-
vival (Figure 3). Later, while the sus-
ceptible CAREC strain continued to ex-
perience 100% mortality up to day 53,
the resistant strains showed 70% to
95% survival at the 1-ppm dosage.

Adulticide studies

Resistance data against malathion
for adult A. aegypti populations from
selected Caribbean countries are dis-

FIGURE 1. Spatial distribution of temephos resistance in Aedes aegypti populations in four Caribbean countries. Resistance ratios (RRs)

based on CAREC susceptible strain
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FIGURE 2. Patterns of resistance to temephos in Caribbean strains of Aedes aegypti and
mortality due to diagnostic dosages of temephos (1996)
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played in Table 5. Data from 1992-
1993 are also displayed for a compari-
son with 1995-1996 data. The latest
figures show varying degrees of sus-
ceptibility /resistance, ranging from
the susceptible Suriname strain (RR =
1.3) to the more resistant Trinidad

(RR =4.0), Dominica (RR = 4.2), and St.
Vincent (RR = 4.4) strains. Between
these susceptible and resistant strains,
the RRs ranged from 1.5 to 3.6: Guyana
(RR = 1.5); Anguilla (RR = 1.6); An-
tigua (RR = 2.5); Jamaica (RR =
2.2-3.6); St. Kitts (RR = 2.4-3.5).

FIGURE 3. Survival of four strains of Aedes aegypti with various levels of temephos sensi-

tivity in drums treated with temephos at 1 ppm
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When these latest data were com-
pared with the earlier (1992-1993) RR
data, there were slight increases over-
all, indicating ongoing selection of
more resistance to malathion in the var-
ious adult A. aegypti populations. There
was no apparent correlation between
larval and adult resistance for the pop-
ulations in the various countries.

DISCUSSION

The data indicate the omnipresence
of resistance to temephos in Caribbean
populations of A. aegypti and confirm
the results of previous reports, such as
those of Georghiou et al. (§) and Rawl-
ins and Hing Wan (9). However, a
detailed spatial study such as this is
justified because the variations of re-
sistance within and among countries
will recommend various control strat-
egies, which may be peculiar to a
given country.

In an environment that is favorable
to the proliferation of A. aegypti
throughout the year, there may be 15
to 17 generations in one year and, with
exposure of survivors to temephos
over a period of 20 to 30 years, it is not
surprising that resistance to this insec-
ticide has appeared. However, teme-
phos has been a convenient insecticide
because of its low oral toxicity in
mammals (8 600 mg/kg in male rats),
and it is one of the few insecticides rec-
ommended for use in potable water
(5). Also, because of its relatively low
price as compared to some of the
newer pyrethroids, it has been difficult
to withdraw the recommendation for
using temephos to control container
breeding of mosquitoes.

For the past few years, source reduc-
tion and abandoning the use of larvi-
cides in the Caribbean have been rec-
ommended except in habitats that are
absolutely not disposable, because the
public water supply may sometimes be
unreliable (7). Even so, the use of bio-
logical control tools, such as guppies
and copepods, has been recommended
for control of A. aegypti in some circum-
stances (11, 12). Still, temephos contin-
ues to be used in Caribbean countries
because of tradition and because of the
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TABLE 5. Variations of resistance ratios (RRs) to malathion, based on CAREC susceptible
strain, in selected Caribbean populations of adult Aedes aegypti for 1995-1996, compared

with 3 years earlier

1992-19932 1995-1996
Populations Populations
Country Location RR tested RR tested

Anguilla The Valley 0.7 4 — 1
Crocus Bay 1.1 —
Valley Health Centre 0.9 1.6

Antigua All Saints Village 1.3 4 2.5 1
Urlings 3.0 —

Bahamas Nassau 1.0 1 3.4 1

Barbados Fontabelle 2.6 1 —
St. George 1.2 3.6
Christ Church — 3.3

Dominica Roseau Harbour 25 4 — 2
Canefield Airport 1.2 —
Mahaut Hill — 4.2
Scott's Head — 3.1

Guyana Mabarauma 1.5 2 1.5 1
Georgetown 1.7 —

Jamaica Hughenden 4.0 2 3.6 12
Richmond Park 2.8 2.2

Montserrat Plymouth 2.7 1 — 3
Ft. Barrington — 3.0
Factory site — 2.1

St. Kitts Basseterre 1.7 1 2.4 4
Sea port — 3.5

St. Lucia Castries 3.3 1 3.6 2
Anse La Raye — 2.7

St. Vincent Kingston 2.1 1 — 1
Calliaqua — 44

Suriname Diakenessen 1.0 3 — 3
Lands Hospital 24 —
Paramaribo — 3.4
Moengo — 1.3

Tortola Emmanuel Reef 3.1 2 — 1
Sea Cow’s Bay 2.1 2.0

Trinidad St. James 3.8 3 1 4
Caroni 2.6 —
Mucurapo — —

@ Data for 1992-1993 from Rawlins and Hing Wan (9).

convenience of using the sand-granule
formulation. Where communities cease
to use this “valuable” insecticide, it is
possible that reversal of susceptibility
to the chemical may occur, as Keiding
(17) suggested, thus providing a possi-
ble future role for temephos.
According to the data, once resis-
tance in A. aegypti has been selected for
in small island populations such as
Tortola, Antigua, St. Lucia, St. Vincent,
and Dominica, it is maintained at a
fairly high level despite the fact that
the insect vector control divisions in

some of these countries have not rec-
ommended the use of larvicides for
the past 2-3 years. Although currently
low in their resistance to temephos, A.
aegypti populations on other small is-
lands, such as St. Kitts and Anguilla,
are probably on their way to becoming
highly resistant to it. To prevent this
from happening, we recommend that
the insecticide be withdrawn at once.
In larger land masses and mainland
countries, such as Guyana, Jamaica,
and Suriname, A. aegypti populations
have shown only low levels of resis-
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tance to the larvicide. This may have
been due to a genetic dilution fac-
tor, which may prevent development
and rapid spread of resistance to sus-
ceptible populations. Conversely, the
cause may have been the irregular,
sporadic use of the larvicide in those
communities.

Of significant interest, however, is
the mechanism of spread of genetic
material that permits distribution of
resistance from one community to an-
other. Communities that are nearly ad-
jacent to one another may have signifi-
cantly different resistance profiles.
Examples are the Castries I (RR = 8.3)
and II (RR = 17.7) of St. Lucia. Simi-
larly, in the village of Calliaqua in
southern St. Vincent, populations sepa-
rated by as little as 0.5 km exhibited
RRs of 10.9 and 19.4, while the nearby
populations of Golden Vale (RR = 5.5)
and Brighton (RR = 4.3) remained only
moderately resistant. Miscegenation
and hybridization of A. aegypti strains
appear to be slow processes. Perhaps
dispersal driven by oviposition needs
as reported by Reiter et al. (18) is not
as significant as it may appear and A.
aegypti remains as discrete populations;
it is thus possible that populations in
adjacent areas may have different in-
secticide-resistance characteristics.

There was good correlation between
RR values and survival of A. aegypti
populations after treatment with diag-
nostic dosages. In this respect, vector
control staff with minimum skills,
equipment, and materials could feasi-
bly predict the usefulness of insecti-
cides by testing at the diagnostic
dosage level. Survival would be of
practical value in indicating the onset
of resistance.

Drum habitat studies indicated the
futility of attempting to use larvi-
cides once resistance has emerged. Al-
though the CAREC susceptible popu-
lation was controlled over 6-7 weeks
with 100% mortality, from week 1 the
Long Look strain (resistant Tortola
strain) showed good survival. This
makes the case for abandoning chemi-
cals once resistance is proven. Fortu-
nately, other OP insecticides, such as
malathion and fenitrothion, continue
to be effective against these temephos-
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resistant populations (S. C. Rawlins,
unpublished data, 1997). The conflict
arises, however, because these other
OPs are not recommended for potable
water. This brings us back to source re-
duction and biological control for
management of A. aegypti larvae.

Adult resistance

The data indicate that in most coun-
tries of the Caribbean there are only
low levels of resistance to the adulti-
cide malathion, which has been in spo-
radic use for 20 to 30 years. Only in the
St. Vincent, Dominica, and Trinidad
populations were RRs >4. Given the
sporadic usage in emergency situa-
tions, unlike the case in larvicidal
treatment, there has not been a consis-
tently applied selection pressure for
the emergence of resistant popula-
tions; consequently, this chemical can
continue to be useful if there is an ap-
propriate means of delivery to the
adult’s habitat. Recent experience with
the aerial treatment of Jamaican A. ae-
gypti with malathion indicated failure
to control a population with little re-
sistance (RR = 2.5), probably because

1. Caribbean Epidemiology Centre. Annual re-
port. Port of Spain: CAREC; 1995.

2. Caribbean Epidemiology Centre. Annual re-
port. Port of Spain: CAREC; 1996.

3. Caribbean Epidemiology Centre. Fax alert:
Dengue virus type 3 in Puerto Rico. Port of
Spain: CAREC; 1998.

4. Nathan MB, Knudsen AB. Aedes aegypti infes-
tation characteristics in several Caribbean
countries and implications for integrated
community-based control. | Am Mosq Control
Assoc 1991,7:400-404.

5. Pan American Health Organization. Dengue
and dengue haemorrhagic fever in the Americas:
Guidelines for prevention and control. Washing-
ton, DC: PAHO; 1994. (Scientific publication
548).

6. Nathan MB. Critical review of Aedes aegypti
control programs in the Caribbean and se-
lected neighbouring countries. | Am Mosq
Control Assoc 1993;9:1-7.
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of faulty delivery of the adulticide
(19). However, modifying its applica-
tions could result in improved efficacy
of the adulticide.

Pesticide use policy

What is needed in the Caribbean re-
gion at this time is a comprehensive
policy on insecticide use against Aedes
aegypti based on knowledge of the
insecticide-resistance status of the var-
ious geographic units of the CMCs.
There needs to be access to a greater
variety of insecticides, with a system
that monitors the use of diagnostic
dosages so that the communities can
detect any loss of efficacy of the chem-
icals. The policy also should include
rotation systems for switching from
one type of insecticide to another, so
that selection of resistant populations
can be prevented. At the same time,
the policy could establish the fre-
quency of applications needed for
greater effectiveness. Intradomiciliary
treatments carried out by the commu-
nity with recommended aerosols may
become routine, because it is known
that truck-mounted or even aircraft-
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RESUMEN

Distribucién espacial e
importancia de la resistencia a
insecticidas de poblaciones
de Aedes aegypti en el Caribe

Para estudiar su resistencia a los insecticidas, se sometieron a bioensayos 102 cepas
del vector del dengue Aedes aegypti (L.) originarias de 16 paises que se extienden desde
Suriname en Suramérica y la cadena de islas del Caribe hasta las Bahamas. En esos
paises el larvicida temefés y el adulticida malatién se han usado por un periodo de 15
a 30 afios. La sensibilidad al larvicida varié mucho en las poblaciones de mosquitos
dentro de un pais y de un pais a otro.

En cepas de mosquitos de algunos paises como Antigua, Santa Lucia y Tortola, se
observaron repetidamente altas razones de resistencia (RR) al temefés, que oscilaron
entre 5,3 y 17,7. En los mosquitos de otro grupo de paises (Anguila y Curazao), se mi-
dieron grados mixtos de resistencia al temefdés (RR = 2,5 a 10,6) y, en un tercer grupo
de paises, incluidos San Kitts, Barbados, Jamaica y Suriname, los mosquitos tuvieron
grados bajos de resistencia al temefés (RR =1 a 4,6) (P < 0,05). Se registraron grados
de resistencia muy dispares en algunas comunidades contiguas de A. aegypti, lo que
indica poco intercambio genético entre poblaciones.

Los efectos de la resistencia larvaria se manifestaron como una reduccién de la efi-
cacia del temefés para matar mosquitos cuando las cepas se trataban con las dosis re-
comendadas en el laboratorio o en grandes recipientes sobre el terreno. Si bien una
cepa sensible se siguié controlando completamente hasta por 7 semanas, las cepas
mas resistentes tuvieron una supervivencia de 24% al cabo de la primera semana.
Para la sexta semana, de 60 a 75% de las larvas de cepas resistentes sobrevivieron mas
alla del estadio larvario.

Las respuestas de los mosquitos adultos al malatién variaron, desde la sensibilidad
de una poblacién en Suriname (RR = 1,3) hasta la resistencia de cepas en San Vicente
(RR =4,4), Dominica (RR = 4,2) y Trinidad (RR = 4,0). Sin embargo, esa resistencia no
lleg6 al grado de la que mostraron las larvas al temefés y aumenté muy poco com-
parada con los grados de resistencia registrados hace tres o cuatro afios.

Se ofrecen recomendaciones para elaborar una politica del uso de plaguicidas en la
region del Caribe que pueda adaptarse individualmente a los paises. Esta se formu-
laria sobre la base del perfil de resistencia a los insecticidas en cada pais. Las estrate-
gias de control fisicas y bioldgicas desempenarian una funcién mas critica que los
insecticidas.
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