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ABSTRACT

The variability in the reported cases of dengue was studied in relation to the variability in precipitation and temperature. The attention was focused on Trinidad and Tobago, and Barbados. The data covered the period 1980 to 2000. Annual and monthly/four weekly variability of the reported cases as well as those of the climate parameters (precipitation and temperature) were investigated. Results show that the incidences of dengue in Trinidad and Tobago, and Barbados were higher in the last decade compared to that in the previous decade. The annual patterns of reported cases were nearly periodic and compared closely with the periodicity of ENSO events. Monthly/four weekly variability of the reported cases indicated a well defined seasonality in the epidemics. The observed variability in the precipitation and temperature revealed that there was a tendency toward less abundant rainfall and higher temperatures in the last decade compared to the previous decade. A comparison of the pattern of variation of the reported dengue cases with those of the climate parameters indicated that warmer temperatures and less abundance in rainfall appeared to be influencing the epidemics. ENSO events, temperature and precipitation are predictable, although with inherent inaccuracies. With improved predictability, the observed seasonality could be a useful tool in the design of early warning systems for the prevention and control of dengue epidemics in our communities.

Introduction

It is a known fact that millions of people are under the threat of dengue fever (DF) in the tropics and subtropics. Vector-borne diseases such as malaria have been eliminated from the Caribbean, but over the last 22 years (1980-2001), forty three thousand cases of dengue (CAREC, 2002) have been reported. The incidence has been very high in the last decade. About forty one thousand cases have been reported in the last decade, and the indications are that the frequency and the intensity of outbreaks of the epidemic are on the rise. Studies done in the other regions of the globe (Jonathan et al., 1998; Martens et al., 1997; Gagnon et al., 2001; Hales et al., 1966; Poveda et al., 2000; Focks et al., 1995; Koopman et al., 1991) have associated epidemic outbreaks and the transmission of the disease with climate variability (evidenced by the occurrences of El Niño Southern Oscillation/ENSO events), through temperature increases and availability of stagnant and stored mosquito-accessible water during droughts as well as after rains. These conditions appear to enhance mosquito breeding and dengue transmission rates. Recently published studies (Peterson and Taylor et al., 2002; Chen and Taylor, 2002), indicate that in the Caribbean, there is a warming trend, drier than normal conditions with warmer temperatures in the latter half of El Niño years, and increase in precipitation in the early part of the following year. Thus, we can expect an association of dengue outbreaks in the Caribbean with precipitation and temperature which are indicators of climate variability.
In this paper, we present the nature of the influences of precipitation and temperature on dengue outbreaks in Trinidad and Tobago, and Barbados. We also examine the seasonality of the epidemic in these two countries in the light of precipitation and temperature climatology.
Data and methods

Data on reported cases of dengue were provided by the disease surveillance unit, CAREC in Trinidad, and were derived from reports submitted from the various countries’ Ministry of Health. The data which spanned the period 1980 to 2001 were in the form of annual totals for 1980 to 2001 and also on a 4-week period/monthly basis for 1995 to 2001. The climate data (precipitation and temperature) were obtained from the data depository of the Climate Studies Group Mona at the Department of Physics, the University of the West Indies, Mona Campus, Jamaica. The climate data available were on a daily or a monthly basis. The data were converted to annual averages or 
monthly/4-week averages as required for use in the analysis. 
Attention was focused on Trinidad and Tobago, and Barbados. Dengue data indicated that the prevalence of dengue in Trinidad and Tobago was very high (about 50% of the reported cases), and in Barbados moderate to high (about 20% of the reported cases). Also these two countries had fairly well documented long term series of climate data. Hence they were chosen for this study.
In the analysis, pattern of the variation of annual totals of reported dengue cases and also their annual rates of increase were compared with the annual standardized anomalies (SA) of precipitation and temperature. The rate of increase mentioned here is equal to the reported cases in a given year minus that in the previous year and provides more features of the pattern of variation of the disease. The period of study in this component was from 1980 to 2000. The seasonality of the epidemic was studied by examining the 4-week period/monthly reported cases of dengue for the period 1995 to 1999. Four weekly data sets were used for Trinidad and Tobago while monthly data were used for Barbados. The choice of 4-week periods or monthly was based on the available format of data. However, this choice should not cause a problem as a month is almost a 4-week period. A standardized anomaly (SA) as used in this paper means the following:
(measured value – average value)/standard deviation. In the case of Trinidad and Tobago climate data used were obtained from the meteorological station at Piarco and Barbados climate data were from the meteorological station at Husbands. Even though these data sets did not cover the entire islands, they were good enough to be used as representative samples to understand the trends in the climate associations considering, (i) the geographical locations of the counties/districts that reported dengue cases and the meteorological stations at Piarco and Husbands and (ii) the topography of the study regions. The counties/districts are not too far from the meteorological stations and the variability in the topography across the study regions (Trinidad and Tobago, and Barbados) is not very significant so as to cause a significant variability in the climate across each region. As examples, although the results are not given in this paper, the precipitation pattern at Piarco in Trinidad is almost the same as that at St. Augustine and the precipitation pattern at Husbands in Barbados is almost the same as those at Claybury, Edgecumbe and Apes Hill.
Results

The results of this study are presented in Figures 1 to 5 and Table 1. Figures 1 and 2 illustrate the variation of annual reported dengue cases in Trinidad and Tobago, and Barbados respectively. Both figures exhibit higher incidences of dengue in the last decade. Figure 3 illustrates the variation of annual standardized anomalies of precipitation and temperature using observed data from Piarco meteorological station in Trinidad. Figure 4 illustrates the same but for the Husbands station in Barbados. Both figures show that in the last decade there was also a tendency toward less abundant rainfall (rainfall below normal or close to normal) and higher temperatures in comparison to the previous decade. A comparison of these patterns of anomalies with the epidemic patterns illustrated in Figures 1 and 2 suggests that warmer temperatures and less rainfall appear to be influencing the epidemics. In further support of this, we note from a careful examination of the curves (in Figures 1 and 2) representing the rate of increase, that the annual pattern is nearly periodic. The periodicity was about 2 to 3 years in the last decade and 3 to 4 years in the previous decade. Almost all the peaks can be identified with El Niño episodes that occurred in 1982/83, 1986/87, 1992/93, 1994/95 (weak El Niño), and 1997/98. The periodicity seen is nearly that of El Niño episodes. Below normal rainfall, particularly in the latter half of the year, and higher temperatures are known associations within the Caribbean with El Niño events.
Figure 5, which is for Barbados, illustrates the typical monthly variability of reported cases, temperature and rainfall. The period covered here is from 1995 to 1999. Interestingly, a clear seasonal pattern in the dengue cases is visible. The epidemics appeared to occur in the latter part of the year. This was also the case with Trinidad and Tobago and many other countries in the region. Details pertaining to this feature and the nature of the influence of precipitation and temperature are given in Table 1. Note from Table 1 and Figure 5 that the warming occurs first, then rainfall, and then the dengue epidemic. Thus we see a simple pattern among onset of the epidemic, warming, and precipitation. The epidemic peak actually occurs when the rain is receding with the temperature remaining high until the onset of the epidemic. Also worth noting, from Figure 5, is the fact that the epidemic is weak (in 1996 and 1998) when rains last for a longer time (broader rainfall peaks). This is the case with Trinidad and Tobago as well. Perhaps, too much of rain may be washing the mosquito larvae away. 
Discussion
We have presented a simple analysis of the association of dengue epidemics with precipitation and temperature. Two countries in the Caribbean region were considered. Trinidad and Tobago, and Barbados. The results indicate that there is close association of the epidemic patterns with temperature and precipitation. Warmer temperatures and less abundance in rainfall appear to be influencing the epidemics. As warmer temperatures and less abundance in rainfall, especially in the latter half of the year, are associated with El Niño episodes, we can expect a higher probability of dengue epidemic occurrences during El Niño periods. From the results it was also clear that the epidemic has a well defined seasonality. Enso events, temperature and precipitation are predictable, although with inherent inaccuracies. With improved predictability, the observed seasonality could be a useful tool in the design of early warning systems for the prevention and control of dengue epidemics in our communities. 
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Table 1. Seasonality of the Epidemics and the Nature of Association with 
Climate Parameters.
___________________________________________________________
Country           Year    Epidemic Peak        Temperature         Precipitation
                                                                          Peak                     Peak
___________________________________________________________

Trinidad and    1995    August (weak)          Apr. to Nov        Jun. to Sep.

Tobago

                        1996    September (strong)    Apr. to Dec.       May to Oct.
                        1997    December  (strong)    May to Dec.       July and Nov.
                        1998    July to Sep. (strong)   March to Nov.   May to Sep.  

                        1999     September  (weak)    Apr. to Dec.       Jul. to Oct.

Barbados         1995    October (strong)         Apr. to Nov.      Jul. to Oct.

                    1996    September (weak)       Apr. to Nov.       May to Nov.
                        1997     November (strong)    Apr. to Nov.      June to Nov.

                        1998     Aug. to Sep. (weak)   Apr. to Oct.       Jul. to Nov.

                        1999     November (weak)      Apr. to Nov.      Jun. to Nov. 
_____________________________________________________________
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Figure captions

Figure 1. Annual variability of the reported cases of dengue and the rate of increase in 

               Trinidad and Tobago.
Figure 2. Annual variability of the reported cases of dengue and the rate of increase in 

               Barbados.

Figure 3. Annual variability of the standardized rainfall and temperature anomalies 
                in Trinidad. 

                Standardized anomaly = (measured value-average value)/standard deviation
Figure 4. Annual variability of the standardized rainfall and temperature anomalies

                in Barbados.

                Standardized anomaly = (measured value-average value)/standard deviation

Figure 5. Monthly variability of the reported dengue cases, rainfall and temperature from

               1995 to 1999 in Barbados
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