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Abstract.

Multiple linear regression models were fitted to look for associations between changes in the incidence rate

of dengue fever and climate variability in the warm and humid region of Mexico. Data were collected for 12 Mexican
provinces over a 23-year period (January 1985 to December 2007). Our results show that the incidence rate or risk of
infection is higher during El Nifio events and in the warm and wet season. We provide evidence to show that dengue fever
incidence was positively associated with the strength of El Nifio and the minimum temperature, especially during the cool
and dry season. Our study complements the understanding of dengue fever dynamics in the region and may be useful for

the development of early warning systems.

INTRODUCTION

Dengue fever (DF) is an infectious disease caused by the
dengue virus, with mosquitoes acting as the vector. Symptoms
include headaches, rashes, joint and muscle pains, and in a
small proportion of cases, life-threatening complications such
as dengue hemorrhagic fever and dengue shock syndrome.! It
is present in over 100 tropical and subtropical countries,” and
approximately 50-100 million cases are reported every year.?
The economic burden of the disease has been estimated in mil-
lions of international dollars (i.e., [$514 per ambulatory case
and I$1,394 per hospitalized case)* and thousands of disability
adjusted life years (DALYS; i.e., 427 DALYs/million popula-
tion).> In Mexico, DF is endemic all over the country and pres-
ents a year-round transmission. Almost 60% of the cases occur
in the southern part of the country, which is characterized by a
warm and humid climate.

The absence of cold winters, the high concentration of popu-
lation in urban areas,® and the high marginalization’ observed
in the region allow the development of the disease throughout
the year.! Behavioral and cultural factors also play a key role
in the prevalence of the disease.! For example, the close prox-
imity and poor construction of houses and buildings in the cit-
ies, the use of natural ventilation instead of air conditioning,
and low access to health services and health education interact
to facilitate dengue transmission.!

Several studies indicate that DF shows a strong inter- and
intra-annual variability® that is the result of both extrinsic (e.g.,
climate variability) and intrinsic (e.g., host—virus interactions
mediated by herd immunity and host susceptibility) factors.’
Both these factors drive the serotype-specific dynamics and
may increase the incidence rate of the disease.!

Significant efforts have been made to understand the effects
of climate variability on the transmission dynamics of DF.
Increases in temperature, sea surface temperature, and pre-
cipitation and the presence of El Nifio events have been asso-
ciated with elevated DF incidence in Mexico''"> and other
countries.®1314

Previous studies relating climate variability to DF in Mexico
have analyzed time series of DF cases up to 1 year,!''316 and
only a few have analyzed series of up to 10 years.'”>'” Such
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short series pose problems for disentangling the overall asso-
ciations between climate variability and DFE. Our study ana-
lyzes 23 years of reported DF cases to examine associations
with temperature, precipitation, and El Nifio events. We also
analyze a larger geographical area than previous studies by
including data from 12 provinces compared with previous
studies that focused on smaller areas such as a few cities or
municipalities.!>16

The aim of this paper was to examine if changes in the inci-
dence rate of DF are associated with climate variability mani-
fested in the presentation of El Niflo events and variability in
ambient temperature and precipitation in the warm and humid
region of Mexico. The null hypothesis was that the cumulative
incidence rate (CIR) of the disease is not statistically associ-
ated with climate variability.

MATERIALS AND METHODS

Data. Monthly DF notifications were obtained from the
National System of Epidemiologic Surveillance (SINAVE)
in Mexico for the period of January 1985 to December 2007
(Figure 1). DF notifications are defined as any legal notifi-
cation of confirmed classic dengue fever and dengue hem-
orrhagic fever referred to SINAVE by the local health
authorities.!” Because dengue hemorrhagic fever is only a
severe presentation of DF, these cases were not analyzed sep-
arately. Data were obtained for the warm and humid prov-
inces of Mexico (i.e., Campeche, Colima, Chiapas, Guerrero,
Michoacén, Morelos, Nayarit, Oaxaca, Quintana Roo, Tabasco,
Veracruz, and Yucatan). The classification was based on data
provided by the National Institute of Statistics, Geography, and
Informatics (INEGI). These provinces have a joint population
of over 31 million people. This climatic region contains the
majority (59.8%) of the total of DF cases occurring in Mexico.
A total of 249,618 DF cases were reported in the warm and
humid region of Mexico over the period from 1985 to 2007.

To obtain an estimate of the strength of El Nifio, we obtained
monthly sea surface temperature (SST) data from the Climate
Prediction Center of the National Oceanic and Atmospheric
Administration.” We chose the Nifio Region 3.4 (5°N-5°S,
120°-170°W), because it is one of the most robust indexes
for defining the evolution of El Nifio events.” These data are
presented in Figure 1. We identified seven El Nifio and six La
Nifa events in the series (Figure 1). Periods in between events
were classified as neutral. Explanations on what constitutes an
El Niflo or La Nifia event can be found elsewhere.?!
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(A) Reported cases of dengue fever (DF). (B) Sea surface temperature (SST) anomalies in degrees Celcius. Notice that only the

1997-1998 El Nifo exceeds the 2°C threshold (gray line). (C) El Nifio (filled bars) and La Nifa (white bars) events (zero frequencies indicate

neutral phases).

Monthly minimum and maximum temperatures and precip-
itation per province were obtained from the Mexican National
Meteorological Service. The provincial data were averaged to
provide overall temperature and precipitation time series data
for the region. The number of DF cases within each province
was summed to provide overall time series data for the region.
Within this warm and humid region, our data show that the
year-round climate has two distinct seasons: cool and dry from
November to May and warm and wet from June to October
(Figure 2). During the warm and wet season, accumulated pre-
cipitation averages 200 mm, maximum temperature (Tmax) is
31°C, and minimum temperature (Tmin) is 18°C. In the cool
and dry season, precipitation averages 42 mm, Tmax is 30°C,
and Tmin is 14°C.

The DF data were converted to a CIR based on the region
population (cases per 100,000 population). Population size
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per province was obtained from INEGI for 1990, 1995, 2000,
and 2005. Population size for the intervening years was esti-
mated assuming linear growth. We stabilized the variance in
the series taking the natural logarithm of the CIR (Ln-CIR).

Temporal analyses of the aggregated DF cases (includ-
ing all serotypes) revealed interannual fluctuations with a
strong seasonal component. The seasonality of the transmis-
sion shows a peak occurring in October (Figure 2). The aggre-
gation of the in- and out-of-phase interannual cycles of each
serotype and their seasonal components may be responsible
for the seasonal peaks’ observed in the aggregated serotype
time series.

Data analysis. The first stage of the analysis was to establish
the associations between the Ln-CIRs with the various lags of
the explanatory variables to determine the optimal time lag for
the final models. DF shows a non-linear dynamics, with strong
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FiGure 2. Box plots of the seasonal pattern of (A) DF incidence, (B) precipitation, (C) minimum temperature (Tmin), and (D) maximum
temperature (Tmax) in the warm and humid region of Mexico for the period from 1985 to 2007.
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seasonality and interannual oscillations? that may result from
the interaction of intrinsic and extrinsic factors.”

In these regression models, we controlled for long-term
trends by including an index variable of time in the model,
and we controlled for seasonal effects by including 0,1 dummy
variables for each month. This is because long-term changes
in DF incidence may result from non-climatic factors such as
changes in the reporting practices. Similarly, seasonal changes
may be caused by non-climatic factors such as holidays. A sim-
ilar approach has been used in previous studies.!>*

Many lags of the explanatory variables were significantly
correlated with the dependent variable (Table 1). Including all
the related lags in a model would have led to significant col-
linearity. Consequently, we created new explanatory variables
using the mean values of the two lags with the highest sig-
nificant regression coefficients. The new variables were Tmin
lagged 1 and 2 months (Tmin, ,), Tmax and SST in the current
and previous months (Tmax, and SST,,), and precipitation
lagged 6 and 7 months (precipitation, ).

Before using these variables in the final models, non-station-
arity was examined, because the statistical properties of epi-
demiological time series commonly vary with time® and may
lead to spurious regression problems.? We conducted Phillips—
Perron tests to verify the stationarity of all variables. The
dependent variable and all four independent variables were
stationary and consequently, were used in regression models.

We fitted different multiple linear regression models using
the Ln-CIR as the dependent variable. The normal distribu-
tion of the series was corroborated with a Jarque-Bera test of
composite normality. All models were adjusted for long-term
trend and seasonality as described earlier. These were included
in the model even if not significant. Analyses were conducted
in SPSS version 16.0 and R version 2.9.2.%

The final models were produced in a series of stages. Initial
models included SST | as the explanatory variable. The next
stage of models examined the impact of weather on the
Ln-CIR by fitting monthly Tmin, ,, Tmax,,, and precipita-
tion,, as explanatory variables. In all models, Durbin-Watson
tests were conducted to detect autocorrelation in the resid-
uals. When the results were autocorrelated, an adjustment
was included incorporating the Ln-CIR lagged by 1 month.
Higher order lags were not required. However, this could not
be achieved for models including SST, because this variable is

TABLE 1
Regression coefficients of climatic variables versus the Ln-CIR

Lag (months) SST (°C) Tmin (°C) Tmax (°C) Precipitation (dm)
0 0.24* 0.44* 0.47* -0.31
-1 0.23%* 0.46* 0.44%* -0.36
-2 0.22F 0.46* 0.41* —-0.40
-3 0.207 0.46* 0.43* -0.53%
-4 0.17% 0.44* 0.41* —0.68+
-5 0.144% 0.39* 0.337 -0.71*
-6 0.11 0.34* 0.28% -0.73*
-7 0.10 0.31* 0.22 -0.81*
-8 0.10 0.31* 0.14 —0.54%
-9 0.10 0.35% 0.20 —-0.40
-10 0.10 0.36* 0.22 -0.37
-11 0.09 0.40%* 0.19 -0.38
-12 0.10 0.46* 0.13 -0.28

Models were controlled for time and season. Ln-CIR = natural logarithm of the cumula-
tive incidence rate of DF.

*Significant at the 0.001 level.

T Significant at the 0.01 level.

i Significant at the 0.05 level.

highly autocorrelated. Including an adjustment for autocorre-
lation would have removed all the variability coming from the
El Nifio signal. We stratified the models for the presence of El
Nifo events and the rainy season to assess if the association
between the variables increased during these events.

El Nifio modulates variations in ambient temperature and
precipitation in Mexico.?® Having produced models for first
SST and subsequently, temperature and precipitation, the final
stage was to fit models with SST and any weather variable sig-
nificant in the earlier models. This would examine whether the
effects of SST on DF are fully explained by weather.

In the dataset, we observed a significant increase in inci-
dence (from ~6,700 cases per year from 1985 to 1996 to
~45,100 in 1997) coinciding with the strongest El Nifio event
(1997-1998) in our record. This period also saw the introduc-
tion of the DEN-3 serotype, which may have led to elevated
DF because of lower herd immunity. We tested the influence
of this extreme event on the model results by excluding the
13 months coinciding with this period from the series and
fitting regression models as before.

RESULTS

The averaged CIR increases from 1.99 cases per 100,000
population during the neutral period to 5.52 (ratio = 2.8) dur-
ing the El Nifio events and 3.10 (ratio = 1.6) during La Nifa
events (Table 2). Excluding the months coinciding with the
1997-1998 El Nifio decreases the CIR to 4.10 (26% reduction)
during the El Nifio events. These changes in CIR are signifi-
cant (P =0.02).

The CIR increases from 1.6 cases per 100,000 population
in the cool and dry season to 5.5 cases per 100,000 population
(ratio = 3.4) during the rainy season (Table 3). The seasonality
of the disease is similar to precipitation (Figure 2).

The results from the first multiple regression are presented
in Table 4 and indicate that a 1°C increase in SST | results in
monthly increases in the Ln-CIR (B = 0.238; P < 0.001). When
the model was stratified into El Nifio months, SST,, was sig-
nificantly associated with the Ln-CIR during the El Nifio
months (B = 0.463; P = 0.028) but not during the non-El Nifio
periods (B = -0.126; P = 0.301). However, after removing the
data during the 1997-1998 El Niiio, SST | was not significantly
associated with DF. This observation was consistent for mod-
els non-stratified (B = 0.125; P = 0.095) and stratified by El
Nifo (B = -0.216; P = 0.512) as well as non-El Nifio months
(B =-0.133; P = 0.275), indicating that the previously observed
association is highly influenced by the 1997-1998 event. The
introduction of the serotype DEN-3 to the country in 1995
(Figure 1) and the lack of serotype identification of each case
makes it almost impossible to disentangle whether the El Nifio

TABLE 2
CIR differences and ratios per SST period (per 100,000 population)

Parameters CIR difference CIR ratio

Including 1997-1998 El Nifio

El Niflo vs. neutral period 5.52-1.99 2.77

El Nino vs. La Nifia 5.52-3.10 1.78

La Nifia vs. neutral period 3.10-1.99 1.56
Not including 1997-1998 El Nifio

El Nifio vs. neutral period 4.10-1.99 2.06

El Nino vs. La Nifia 4.10-3.10 1.32

La Nifia vs. neutral period 3.10-1.99 1.56
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TABLE 3
CIR differences and ratios per rainy season (per 100,000 population)
CIR difference  CIR ratio

Parameters

Warm and wet season vs. cool and dry season 5.5-1.6 34

or the introduction of a new DF serotype is responsible for
this peak in incidence.

Table 5 examines the impact of weather (Tmin,,, Tmax, ,
and precipitation,,) on DF and indicates that monthly
increases in the Ln-CIR (B = 0.079; P = 0.019) result after
every 1°C increase in Tmin, ,. Such increases can be expected
during the non-El Nifio months (B = 0.108; P = 0.008) and
the cool and dry season (B = 0.094; P = 0.015). Similar results
were obtained after removing months during the 1997-1998
El Nifio. No significant associations were found between the
Ln-CIR and Tmax or precipitation, in the models (Table 5).
Previous studies used shorter lags for assessing the associa-
tion between DF incidence and precipitation.'>!” However, the
use of shorter precipitation lags for higher biological plausibil-
ity (i.e., precipitation, ; and precipitation, ) did not affect the
results of the analyses.

Table 5 shows associations between Tmin,, and DF. In the
final model, we examined whether there was a significant asso-
ciation between DF and El Nifio after controlling for weather.
This model is presented in Table 6 and includes SST; and
Tmin, , as explanatory variables. It indicates that, even after
controlling for weather, there is still a significant association
between SST and DF. The results show that monthly increases
in the Ln-CIR result after every increase by 1°C in SST
(B = 0.311; P < 0.001), indicating an influence of SST above
and below its effects on temperature. The association is stron-
ger (B = 0.714; P < 0.001) during the El Nifio events. There
were no associations between SST | and DF during non-EI
Nifio periods (B = 0.058; P = 0.558). The overall association
between SST and the incidence of DF persisted after the
removal of the 1997-1998 El Nifio. However, after the series
was stratified by the El Nifio months, the association during
El Nifilo months disappeared.

DISCUSSION

Associations with El Nifo. The results show that, in the
presence of an El Nifio event, the risk of DF infection is 2.77
times higher in the warm and humid region of Mexico com-
pared with the neutral El Nifio phase. This is corroborated in

TaBLE 4
Regression coefficients of the Ln-CIR versus SST,
SST,,
Model N B (P<Itl) 95% CI Adjusted R?
Including 1997-1998 El Niio
Whole year 276 0.24(0.00)  0.11-0.37 0.46
Stratified by El Nifio
Present 75 046 (0.03)  0.05-0.88 0.56
Absent 201 -0.13(0.30) -0.36-0.11 0.38
Not including 1997-1998 El Nifio
Whole year 263 0.13(0.10) -0.02-0.27 0.44
Stratified by El Nifio
Present 62 -0.22(0.51) -0.87-0.44 0.54
Absent 201  -0.13(0.28) -0.37-0.11 0.38

Models were controlled for time and season. CI = confidence interval.

the multiple regression analysis, indicating a statistically sig-
nificant and positive association between DF incidence and
the strength of El Nifio. However, there is some uncertainty
as to the validity of this result, because when the exception-
ally strong 1997-1998 EI Niiio is removed from the analyses,
the strength of the El Nifio becomes marginally insignificant.
This suggests that the impacts of an El Nifio are only apparent
above a threshold exceeded by the strongest events.

When some of the variability in the series is controlled for
by including temperature as a covariate, the strength of the
El Nifio becomes significant in the models with and without
the 1997-1998 El Nifio. We, therefore, conclude that El Nino
has an association with DF in the warm and humid region of
Mexico, and this corroborates previous studies.!”?’? This also
indicates that El Nifio influences the dynamics of the disease
through mechanisms that are not fully explained by its influ-
ence on weather. These mechanisms may be related to changes
in environmental factors (e.g., vegetation coverage), human
behavior, or cultural artifacts (e.g., water-storage practices).

The concurrent introduction of the DEN-3 serotype and
the exceptionally strong 1997-1998 El Nifio makes it diffi-
cult to separate these two effects and questions the linking of
the unusual increases in the levels of DF in 1997, which have
been previously attributed to weather conditions related to
the 1997-98 El Nifio.” The importance of the introduction of
the DEN-3 serotype is strengthened by the observation that,
throughout Mexico, 88% of DF cases in 1997 were DEN-3.%
It could, therefore, be argued that the introduction of the
DEN-3 serotype was entirely responsible for the peak in DF
cases seen in 1997. However, we have shown that El Nifio was
positively associated with DF during other time periods, and
therefore, it is likely that both the introduction of DEN-3 and
the El Niflo were responsible for the unusually large increase
in DF observed in 1997.

Disentangling extrinsic from intrinsic factors in a quantita-
tive way requires serotype-specific data. Separating the DF
cases into different serotypes was impossible because of the
lack of such information on SINAVE.

Associations with temperature. The results also showed
that increases in Tmin, , are positively associated with DF inci-
dence. Additionally, when we removed the 1997-1998 El Nifio,
Tmin, , remained significant. This corroborates previous stud-
ies conducted in other regions of Mexico and the world.!?3!
When the model was subdivided by rainy season, Tmin, , was
significant during the cool and dry season, which is when tem-
peratures in the region are at their lowest. This could indicate
that low temperatures in the cool and dry season hamper the
biology of the vector or the virus, diminishing the likelihood of
DF transmission.

Low temperatures have been previously associated with
increased development time and larval mortality, which
results in decreased transmission.”? At temperatures below
the 16°C threshold, the length of the larval stages of the vector
increases.’* Besides, the vector stops feeding in ambient tem-
peratures lower than 17°C,* resulting in lower transmission
rates. Additionally, the virus cannot amplify within the vector
at temperatures below 18°C* and low temperatures increase
the time of the extrinsic incubation period (EIP) of the virus,
increasing its likelihood of exceeding the time span of the
vector.!

Conversely, rising temperatures shorten the EIP and the
development rate of the vector and increase the biting and
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TABLE 5
Regression coefficients of the Ln-CIR versus Tmin, ,, Tmax,;, and precipitation, ;

Tmin,, Tmax, Precipitation,,
Model N B(P<Itl) 95% CI B(P<Itl) 95% CI B(P<Itl) 95% CI Adjusted R?
Including 1997-1998 El Nifio
Whole year 274 0.08 (0.02) 0.03-0.15  0.12(0.07) -0.01-0.24  -0.26 (0.06) -0.53-0.01 0.88
Stratified by El Nifio
Present 75 0.00 (0.97) -0.14-0.14  0.16 (0.19) -0.08-0.40  -0.32(0.31) —-0.94-0.31 0.87
Absent 199 0.11 (0.01) 0.03-0.19  0.10(0.22) -0.06-0.26  -0.27 (0.10) —-0.60-0.06 0.87
Stratified by season
Warm wet 115 0.04 (0.55) -0.09-0.18  0.00 (0.99) -025-0.24  -0.87 (0.04) -1.70-0.05 0.85
Cool dry 159 0.09 (0.02) 0.02-0.17  0.15(0.05) -0.00-0.30  -0.21 (0.16) -0.51-0.09 0.85
Not including 1997-1998 El Nifio
Whole year 261 0.11 (0.00) 0.04-0.18  0.13 (0.06) -0.00-0.26  -0.26 (0.07) -0.53-0.02 0.87
Stratified by El Nifio
Present 62 0.11 (0.35) -0.12-0.34  0.22(0.13) -0.07-0.51  -0.32 (0.36) -1.07-0.37 0.84
Absent 200 0.11 (0.01) 0.03-0.19  0.10(0.23) -0.06-0.25  -0.27 (0.10) —-0.60-0.05 0.87
Stratified by season
Warm wet 110 0.16 (0.06) -0.00-0.32  0.03 (0.80) -021-0.27  -0.64 (0.13) -1.47-0.18 0.83
Cool dry 152 0.09 (0.03) 0.01-0.18  0.16 (0.05) -0.00-0.32  -0.21 (0.20) -0.53-0.11 0.84

Models were controlled for time, season, and autocorrelation. CI = confidence interval.

contact rates.® This increases the percentage of infected mos-
quitoes and the likelihood of successful transmission.'** High
temperatures generate reductions in the larval sizes, resulting
in smaller adults' that feed more often than the larger ones.*
Additionally, mosquitoes digest blood faster at higher temper-
atures, increasing their persistence of feeding.*

Temperature-influenced human behavior may also play a
key role in the dynamics of the disease. During the warm and
wet season, individuals spend more time indoors sheltering
from the rain, high humidity, and warm temperatures. This
increase in the time spent indoors interacts with the lack of air
conditioning, increasing the vector-host contact rate and the
risk of transmission.! During the cool and dry season, tempera-
tures are cooler, the relative humidity lower, and people spend
more time outdoors. This may lead to lower levels of DF and is
corroborated by the fact that warmer minimum temperatures
in the cool and dry season are associated with elevated DF.

Tmax is not associated with DF incidence in the region.
However, in the time series, Tmax, is less variable (¢ = 1.6)
than Tmin, , (¢ = 2.7), making it statistically less likely for an
effect to be apparent throughout the analyses.

Associations with precipitation. The risk of infection is
higher during the warm and wet season, corroborating pre-
vious studies conducted in Mexico'">*17 and some other
countries.”>¥ However, after the long-term time trend and

TABLE 6
Regression coefficients of the Ln-CIR versus SST,,

SSTU.I
Model N B (P<Itl) 95% CI Adjusted R*
Including 1997-1998 El Nifio
Whole year 275 0.31(0.00)  0.20-0.42 0.62
Stratified by El Nifio
Present 75 0.71(0.00)  0.31-1.12 0.70
Absent 200  0.06 (0.56) -0.13-0.27 0.63
Not including 1997-1998 El Nifio
Whole year 262 0.15(0.01)  0.04-0.27 0.68
Stratified by El Nifio
Present 62 —-0.09(0.72) -0.60-0.42 0.73
Absent 200  0.05(0.60) -0.14-0.25 0.61

Models were controlled for time and season and adjusted for Tmin,,. CI = confidence
interval.

seasonality are controlled for in the model, precipitation is
not statistically associated with DF. This could indicate that,
although water is required for mosquito breeding, there is
enough rainfall in the region all year to create breeding sites,
and therefore, variations in monthly precipitation do not affect
DF incidence. It could also indicate that rainfall does not influ-
ence the survival of adult vectors directly® because of their
indoor activity or that water-holding containers used as breed-
ing sites in the region may be mainly man-filled containers.*

Increases in human population in urban areas, uncontrolled
urbanization, and lack of adequate public services are com-
mon in Mexico.” High levels of urbanization increase the risk
of DE# Inadequate or inefficient water supply and sewage and
solid waste disposal services increase the likelihood of water
stagnation and offer potential breeding sites for the vector.*
Inefficient or intermittent water supplies lead people to store
water for domestic usage.* In other cases, people store water
just in case.*! These situations create potential breeding sites
for mosquitoes independent of precipitation.

The lack of association of precipitation with DF incidence
may, therefore, be intrinsically linked to the presence of com-
peting factors (e.g., social, political, and cultural features) in
the region. Understanding the role of each of these factors in
the dynamics of the disease requires detailed entomological,
epidemiological, and socioeconomic data and more advanced
statistical and mathematical methods, and it is beyond the
scope of this study.

Strengths and limitations. Our study explores a larger time
series and geographical area than previous studies conducted
in the region. This allowed us to reduce problems of small
numbers in DF incidence observed at the provincial level and
explore associations between DF and a large number of El
Nifio events. The stratification of models into El Nifio, non-
El Nifio, warm and wet season, and cool and dry season also
allowed us to explore differential associations between DF
and climate variability at different periods. The use of such
a geographically large study area averages out variations in
all the variables, making them less likely to show associations
with one another.

Final remarks. In this study, we used multiple linear regres-
sion analysis to assess the associations between DF and



762 COLON-GONZALEZ AND OTHERS

climate variability in the warm and humid region of Mexico.
We found that the incidence of DF was positively associ-
ated with the strength of El Nifio. This association, however,
is hugely influenced by the exceptionally strong 1997-1998
El Nifo, suggesting that the impacts of an El Nifio are only
apparent above a specific threshold exceeded by the strongest
events. We also found a concurrence between the same 1997-
1998 El Nifio and the introduction of the DEN-3 serotype,
which would have increased DF incidence because of low herd
immunity. Such concurrence questions previous attributions
of the 1997-1998 outbreak to climatic conditions and could
indicate that previous studies on the associations between DF
incidence and El Nifio may have overestimated its influence
on the disease. It is likely that the introduction of the DEN-3
serotype and the El Nino were responsible for the unusual
increase in DF incidence in 1997.

The mechanisms by which El Nifio influences the dynamics
of DF are still not clear, because El Nifio shows a statistical
association above and below its influence on the local weather.
We provide robust evidence that El Nifio exerts an influence
on DF incidence in accordance with previous studies.!”?72

We also found that increases in minimum temperature,
especially during the cool and dry season, were associated
with elevated levels of DF. There are a number of biologically
plausible reasons for this association, such as (1) increased
development time and larval mortality of the vector at low
temperatures, (2) alterations in the feeding behavior of the vec-
tor, (3) amplification problems and increased EIP of the virus,
and (4) reduction in the time spent indoors in the cool and
dry season.

Precipitation does not show a statistical association, suggest-
ing that there are suitable places for mosquitoes to breed all
year. Socio-cultural, biological, or epidemiological conditions
may be of great importance in ensuring that there are enough
breeding sites all year.

The effects of climate variability on the transmission dynam-
ics of DF remain controversial. However, our study comple-
ments the understanding of DF dynamics in the region and
may help in the development of early warning systems based
on climatic factors.

There is no consistent evidence of likely changes in the
amplitude or frequency of El Nifio because of climate change
in the 21st century.”? However, climate change is likely to
increase temperatures in the region,* increasing the spatial
and geographical distribution of the disease as well as the
length of the transmission period.* Our results suggest that
this will worsen DF incidence in the region, especially during
the cool and dry season when incidence is currently low.

Long-term surveillance and research will play a key role in
the study of changes in DF dynamics and distribution. Our
results can be used to determine future incidence trends in
the region, giving the opportunity to improve the control mea-
sures for the disease and strengthen the adaptive capacity of
the population.
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