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2016-2019

Shafraaz Khan

Dengue fever is a prominent health issue throughout the globe
with WHO estimations of 3.9 billion people residing in dengue
fever endemic areas, the threat of major outbreaks remains
imminent. With Fiji having major outbreaks in the past and
increasing evidence of positive association between dengue fever
and weather patterns, this study looked at the prevalence of
dengue fever in Fiji and the effects of weather variables on its
occurrence. Throughout the study period of 2016-2019 a total of
19832 dengue fever cases were found with the highest prevalence
of 56.9% of cases being female (95% CI (9128.5 + 13.3) P-value=
0.001). Most dengue fever cases were found in 2018 with 9178
cases and the least cases were found in 2016 with 508 cases (95%
Cl 4358 + 44.5), P-value= 0.01). The age range of 21-30 showed
the highest prevalence of cases at 25.4% with the lowest of 8.2%
seen in patients above 61 years of age (P-value=0.01). Using
Spearman’s rank correlation coefficient minimum temperature
(°C) showed the strongest association with dengue fever
occurrence at a 1-month (P-value < 0.01) lag period while average
rainfall (mm) had the weakest association (P-value=0.01). All
weather variables (rainfall mm, minimum and maximum
temperature °C) showed a positive association with the occurrence
of dengue fever (P-value < 0.05) with rainfall showing no
association in 2016. The results of this research suggest a strong
positive correlation between dengue fever and weather variables
however, further studies are required to prove causation.

Index Terms—About four key words or phrases in
alphabetical order, separated by commas.

I. INTRODUCTION

Dengue Fever is a mosquito-borne aliment which is mainly
caused by Aedes aegypti and in lesser quantities Ae.
albopictus (Cogan, 2020). Dengue Fever incidence has
greatly increased over the past 10 years, putting about half the
world’s population at risk (Cogan, 2020). According to WHO
estimations 3.9 billion people reside in Dengue Fever
endemic areas where 96 million are reported to be infected by
dengue fever (Cogan, 2020). Dengue fever has as of yet no
promising cure (Achee et al., 2015), however consistent
progress is being made in terms of development of a vaccine
(Da Silveira et al., 2019), (Lyons, 2014). Changes in normal
weather patterns have greatly benefitted disease vectors in
increasing their range of transmission, this is mainly due to
the optimal temperature for infections for most vector species
residing in the peaks of higher temperature (Caminade et al.,
2019). In this study the prevalence of Dengue fever and the
seasonal variations will be focused. Mainly focusing on the
occurrence rates of dengue fever in conjunction to the
weather pattern in Fiji from January 1st 2016- December 31st
2019. Dengue fever is one of the Pacific’s most frequently

occurring diseases with a major outbreak recorded in Fiji in
2013 which ran through to 2014 affecting about 15000 people
(Getahun, et al., 2014) which led to the highest death toll due
to dengue fever in the country. Dengue fever outbreaks are
seen to occur in a cyclic 4-5 year-round season (Getahun, et
al., 2014), with the last major outbreak in the years
2013-2014 a new dengue fever outbreak may just be beyond
the horizon. The previous outbreak in Fiji showed a record
number of deaths the public and health officials alike are well
versed with the tremendous impact dengue fever can have
within the nation and these effects may be linked to seasonal
variations. As studies imply there will be more adverse
weather conditions in the future (Perkins et al., 2018), dengue
fever may grow to be a more prominent national health
concern. Dengue Fever has spread to about 100 countries,
where Asia shows the highest global burden of 70% (Cogan,
2020). In Fiji the Ministry of Health (MOH) reports a total of
15000 confirmed cases of Dengue Fever in the 2013-2014
outbreak while further classifying the months November to
April as high risk for Dengue Fever transmission compared to
a lower risk in the remaining months. However, there are
limited published data on dengue fever in Fiji and none
highlight how seasonal weather patterns may affect the
prevalence and the transmission rates of dengue fever. A
study on how seasonal variations affects dengue fever
transmission will lead to a better understanding of
transmission rates. Furthermore, aiding in the development of
better policies and public education on dengue fever in Fiji.
The range of dengue fever cases continues to increase due to
the wide spread prevalence of Aedes species of mosquitoes
which is due to the changes in the weather patterns (Khan et
al., 2019). Fiji continues to experience adverse weather
conditions on a yearly basis thus findings from this study can
aid in the development of specific policies to combat disease
vectors after certain weather patterns. This study also paves
opportunities for future studies, covering the impact of
climate change effects on disease and disease vectors over a
significant period of time to provide a better understanding of
specific policies to combat disease vectors after certain
weather patterns. This will also allow for more effective
commitment of resources towards prevention of dengue fever
at specific times for more effective results.

Il. METHOD

A cross-sectional study style was used for this study. Dengue
fever patient data was collected from the Colonial War
Memorial hospital (CWM) registers to determine the
prevalence of dengue fever in Fiji from 2016-2019. Both age
and gender were considered in this study.

Data collected from the Fiji Meteorological Office (FMO) on
temperature and rainfall were compared against data of
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dengue fever patients collected from CWM hospital in Fiji
from 2016-2019 using the Spearman’s Rank Correlation
Coefficient method.

The study was conducted on Fijian citizens who were
laboratory confirmed dengue fever patients during the study
period. All records of laboratory confirmed cases of dengue
fever from the years 2016-2019 obtained from the CWM
records was used in this study. The study contains patients
from Labasa (Northern division), Nadi and Lautoka (Western
division) and Suva (Central division) all of which were found
in CWM dengue fever records. The study does not contain
any patients from the Eastern division. The population within
the study is referred to as Fiji for the purpose of simplicity
and due to most of the major centers within the country being
covered. However, the use of Fiji within the study does not
imply to every dengue fever case within the country during
the study period. Since the patients records from CWM
hospital were only accessible due to Covid-19 restriction, it is
possible a number of positive cases were overlooked and not
included in the data.

A retrospective data collection was done from 2016-2019.
All data was collected from the CWM dengue fever records.
Data on seasonal weather patterns were collected from the
FMO spanning from 2016-2019. A p-value of less than or
equal to 0.05 was taken as significant.

Both genders and all age groups were included in this study.
The different weather patterns namely the minimum and
maximum temperature (°C) and _rainfall (mm) were
considered in this study.

Furthermore, for analysis in the Spearman’s correlation
method, positive dengue fever cases were defined as either
IgM positive and or dengue antigen (NS1) positive. This was
done to ensure accuracy of the results obtained within the
study. The Spearman’s Rank Correlation Coefficient analysis
done in this study correlates the two different data sets (of
dengue fever and weather variables) on a month-by-month
basis. Considering the longer detectable presence of IgG
antibodies within dengue fever patients, there was no way to
confirm the exact initial time of infection would fall within
the range of the months under study including lag periods (1
and 2 months). The NS1 antigen remains detectable in a
patient for about 2-5 days while the IgM antibody remains
detectable for around 14 days. The presence of IgG and IgM
antibody in a patient indicates a recent infection of the patient
(within 2-3 weeks) or a recent reinfection of the same patient
(Costa et al., 2012). These time periods ensured that a proper
correlation between dengue fever patients and the weather
variables could be done using the Spearman’s correlation
coefficient.

Fig 1.0 Duration of the presence of antibodies in a dengue
fever patient. Blacksell, S. D. (2012). Commercial dengue
rapid diagnostic tests for point-of-care application: Recent
evaluations and future needs? In Journal of Biomedicine and
Biotechnology(Vol.2012).
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Fig 1.0 Duration of the presence of antibodies in a dengue
fever patient. Blacksell, S. D. (2012). Commercial dengue
rapid diagnostic tests for point-of-care application: Recent
evaluations and future needs? In Journal of Biomedicine and
Biotechnology (Vol.2012).
The data of the laboratory confirmed cases of Dengue fever
was analyzed. The major geographical locations from which
patients are from was noted. This data was then plotted
against the different weather patterns observed in these
locations, mainly average temperature and rainfall.
The Spearman’s rank correlation coefficient method was
used to evaluate the data in this study. Spearman’s rank
correlation coefficient is a non- parametric measure of
correlation between two data points of different variables
(Chantziaras et al., 2014). Due to its non-parametric
approach, it is much more suited to provide significant
correlation between non-linear data sets such as weather and
dengue fever as shown by a variety of studies (Ogashawara et
al., 2019; Yue et al., 2018; Polwiang, 2016; Restrepo et al.,
2014). The Spearman’s rank correlation coefficient is
presented as -1, 0 or 1. A -1 or negative number less than -1
indicates a negative association between variables, 0
indicates no association and 1 or positive numbers less than 1
indicates a strong correlation between variables (Sedgwick,
2014). The closer the acquired number is to -1, 0 or 1
indicates the strength of this association such as 0.8 being a
very strong positive association and 0.2 being a weaker
positive association. This was then used to determine if the
changes in such weather conditions on different geographical
locations have any effect of the occurrence rates of dengue
fever by measuring the correlation coefficient between
dengue fever cases and weather experienced on a month my
month basis. A lag period of 0-2 months was introduced into
the study to get significant data based on the vector lifecycle
and other relevant studies (Colén-Gonzélez et al., 2013;
Ganeshkumar et al., 2018; Liu-Helmersson et al., 2014).
The soft copy of the data was analyzed with excel
spreadsheets. All tables, figures and graphs were extracted
from this spreadsheet. All confidence intervals and p-values
and correlations were calculated from the excel 2016 spread
sheet. A p-value of <0.05 is considered significant

I1l. RESULTS

There was a total of 19832 dengue fever cases in Fiji from
2016-2019. Figure 2.0 shows the total number of positive
dengue fever cases in Fiji throughout the different years of
study. The highest number of dengue fever cases were
recorded in 2018 with 9178 positive cases of dengue fever
while the lowest number of cases within the study period was
recorded in the year 2016 with a total of 508 cases (95% ClI
4358 + 44.5), P-value= 0.01).
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DENGUE FEVER CASES IN FLI
BETWEEN 2016 TO 2019
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Fig 2.0 The total number of dengue fever cases recorded in
Fiji from 2016 to 2019. 95% CI 4358 + 44.5), P-value= 0.01

In contrast to the number of cases recorded per year, Figure
3.0 shows the total amount of tests done for dengue fever in
the corresponding years. The number of dengue fever tests
done in the respective years greatly affect the positive cases
recorded for the year.

TOTAL NUMBER OF DENGUE FEVER TESTS DONE
IN FUI

Positive cases M Total Tests
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Fig 3.0 Total number of dengue fever tests done in Fiji in
conjunction to the positive cases identified.

2019 TOTA

The highest percentage of 25.39% of all dengue fever
patients in Fiji were in the 21 to 30-year-old age range, while
the lowest percentage of 8.23% of dengue fever cases were
from the age of 61 years and above (p-value=0.01). Figure
4.0 shows the total number of dengue fever cases in Fiji based
on the different age groups and their test center. All centers
show the highest percentage from the same age groups except
for Lautoka and Nadi centers (LTK and Nadi) which showed
the highest percentage of patients at the 31- 40-year-old range
(Table 1.0)

LTK

Age % % and % %
groups  Fiji Totals Suva Totals Madi Totals LAB Totals
0-10 1678 9.24% 1195 12.42% 300 8.98% 184 3.98%
11-20 2746 | 15.12% 1674 17.40% 501 15.00% 573  1241%
21-30 4612 25.39% 2895 30.10% 730 21.86% 989 21.41%
3140 2935 | 16.16% 1586 | 16.49% 930 | 27.84% 822 | 17.80%
41-50 1946  10.71% 920 9.56% 319 9.55% 710 1537%
51-60 1748 9.62% 739 7.68% 239 8.65% 723 15.65%
61+ 1496 8.23% 610 6.34% 271 8.11% 0618 13.38%

Table 1.0 Total amount of dengue fever patients in Fiji
defined by age, P-value= 0.01
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DENGUE FEVER CASES IN FlJI BASED ON AGE
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Fig 4.0 Total number of dengue fever patients in Fiji,
P-value= 0.01
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In the gender demographic, females account for over 50% of
all dengue fever cases in the study population. Females
account for 54.77% of all cases and are the dominant
demographic in terms of dengue fever infection in all centers
within the study population (95% CI (9128.5 £ 13.3)
P-value= 0.001). Figure 5.0 shows the number of dengue
fever from each center based on gender.

LTK and Nadi % Totals LAB
Male 4587 43.01% 1460 48.44% 2248
Female 6079 56.99% 1554 51.56% 2413 51.77% 10047
Table 2.0 Total percentage of male to female dengue fever

cases in Fiji. 95% CI (9128.5 £ 13.3) P-value= 0.001

% Totals

% Totals Fiji
48.23% 8295

Dengue Fever Patients in Fiji based on Gender
from 2016-2019

10046

6079

] _ - W £

SUVA LTK AND NADI LAB FlI

Fig 5.0 Total number of males to female dengue fever cases
in Fiji. 95% CI (9128.5 + 13.3) P-value= 0.001

Table 3.0 shows the Spearman’s correlation coefficient for
the different weather variables. Correlation coefficient of
minimum temperature for the year 2016 could not be
calculated due to missing weather data. In 2016 the rainfall
weather variable at all lag periods and the maximum
temperature weather variable at no lag period had P-values of
more than 0.05. Thus, the null hypothesis was accepted
whereby there was no association between rainfall and
dengue fever cases and no association between maximum

temperature and dengue fever at no lag periods.
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2016
Min Max
Temperature Temperature Rainfall
No lag No No
Period Null Association Association
1-month No
lag Null 0.41 Association
2-month No
lag Null 0.58’ Association
2017
No lag
Period 0.57' 0.39’ 0.56’
1-month
lag 0.7 0.61’ 0.73’
2-month
lag 0.53’ 0.54' 0.49’
2018
No lag
Period 0.64’ 0.69’ 0.56
1-month
lag 0.82” 0.86" 0.73’
2-month
lag 0.71 0.78” 0.49”

Table 3.0 Spearman’s rank correlation coefficient between
dengue fever and the different weather variables from
2016-2018. P ‘< 0.05, P’ < 0.001

A positive association was seen at 1 and 2-month lag periods
with maximum temperature with max temperature showing a
higher association at a 2- month lag period for the year 2016.
(Figure 6.0)

Spearmans Rank Correlation
Coefficient 2016

NO LAG PERIOD 1 MONTH LAG

2 MONTH LAG

= m Max Temperature (°C)

Fig 6.0 Spearman’s correlation for 2016

Spearman’s correlation for 2017 showed strong positive
associations throughout all weather variables. The strongest
correlation was seen with minimum temperature at a 1-
month lag period while the weakest association was seen with

rainfall at no lag period
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Spearmans Rank Correlation
Coefficient 2017

NO LAG PERIOD

1 MONTH LAG 2 MONTH LAG

= Rainfall (MM) m Min Temperature (°C) = Max Temperature (°C)

Fig 7.0 Spearman’s correlation for 2017

Spearman’s correlation for 2018 also showed very strong
positive association throughout all weather variables. The
strongest association was seen with maximum temperature at

a 1-month lag period.

Spearmans Rank Correlation Coefficient 2018

RAINFALL (MM) MINTEMPERATURE (*C)

MAX TEMPERATURE (*C)

= Nolag Period =1 Monthlag ® 2 Month Lag

Fig 8.0 Spearman’s correlation for 2018

Overall, a strong positive correlation was seen. In 2016 the
null hypothesis was accepted for rainfall at all lag periods and
maximum temperature at no lag periods. A lag period of 1
month showed the highest association to dengue fever cases
within the study population. Minimum temperature was the
strongest weather variable with association to the occurrence
rates of dengue fever. Rainfall showed the weakest
association to the occurrence rates of dengue fever. None of
the weather variables showed a negative effect on the
occurrence rates of dengue fever using the Spearman’s rank

correlation coefficient

IVV. DISCUSSION

Through multiple studies across the world, it is widely
considered that there exists a positive correlation between
weather and vector borne diseases, the findings from this
study does not deviate from this. The findings from this study
suggest a strong positive correlation between weather
variables and dengue fever. With a total of 19832 positive
dengue fever cases in Fiji throughout the study period dengue
is a significant health problem within Fiji and may continue
to worsen with time
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Dengue fever is a prominent medical concern within Fiji.
With 19832 cases within the study period, it continues to be a
major concern for the Fijian health sector. The lowest number
of dengue fever cases were recorded in 2016 however, the
number of cases may also be directly connected to the
number of tests done in the corresponding years. The year
2016 had recorded the lowest amount of dengue fever tests
done in Fiji. With a little over 12000 dengue fever tests done
in 2016, this number is relatively small to well over 30000
tests done the following year.

Dengue fever cases continuously rose during the study period
with a slight drop in cases in 2019. The findings of this study
coincide with the high-risk months established by the
Ministry of Health which is from November to April. A
majority of the dengue fever casers for the years under study
occurred during these high-risk months. The continuous rise
may be accredited to the population demographic as well as
weather variables. Another often underestimated factor
contributing to an increased dengue fever cases are
agricultural endeavors. Fiji as a country continues to invest in
its agricultural sector in a bid to reduce importation fees and
increase the countries income. The agricultural sector holds
great promise for Fiji in terms of creating a strong
international market and sustainable jobs opportunities for
the locals. However, agricultural construction and irrigation
processes provides greater breeding opportunities for disease
vectors which may lead to an increase in cases. With studies
suggesting temperature of water and the surrounding
environment affecting mosquito growth rate (Yue et al.,
2018), Fiji’s agricultural sector may be the hidden breeding
grounds for these vectors borne diseases.

Dengue in Fiji shows the highest prevalence of cases in the
21-30 year old range. This is consistent with previous studies
done in Fiji (Getahun et al., 2019) as well as other studies
conducted outside of Fiji (Signor et al., 2020). Some studies
also found a greater prevalence in age group 5-14 years and
noted a progressive increase in older brackets (Phanitchat et
al., 2019). Many dengue cases are associated with young
adults, this is also consistent with the current population
demographic in Fiji. Females accounted for over 50% of all
cases within the study population and was consistently the
larger demographic affected throughout all the centers under
this study. Similar studies found a higher prevalence in males
to females (Eldigail et al., 2018) when it comes to dengue
fever however, difference in these findings may be associated
with the present demographic, normal gender roles in
different cultures and traditions.

Using Spearman’s Rank Correlation Coefficient all weather
variables showed strong positive association with dengue
fever. No negative association was found within this study.
Minimum temperature showed the overall strongest
correlation with dengue fever however, maximum
temperature showed a higher correlation in 2018. Minimum
temperature findings are consistent with multiple studies
(Ehelepola et al., 2015, Hii et al., 2012, Chumpu et al., 2019).
Maximum temperature is usually associated with a lower
correlation with dengue fever but a higher correlation was
seen in this study for 2018. Rainfall showed the weakest
positive correlation with dengue fever. This is consistent with
other studies of the same type (Caminade et al., 2019).
Certain studies have also found a negative association with
rainfall but this was not consistent with this study’s findings.
The effect of rainfall has always been questionable with
dengue incidence as it can be associated with producing
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breeding grounds as well as destroying them. Certain studies
suggest that a lower intensity and more consistent rainfall
may be more positively associated with dengue fever than
heavy rainfall (Tokash-Peters et al., 2019).

Furthermore, of the 3 lag periods introduced in the study a lag
period of 1 month showed the greatest correlation between
dengue fever and weather variables. Lag periods were
generally introduced into the study to compensate for
possible delays in the mosquito’s life cycle in conjunction to
the different weather conditions experienced. Studies show
the major delay in a mosquitoes life cycle occurs in the
hatching of the eggs which can range from days to months
depending on environmental conditions (Tokash-Peters et al.,
2019). This suggests that in Fiji the weather conditions
experienced in the previous month may greatly affect dengue
fever cases occurring in the adjacent month

V. LIMITATION

Correlation studies do not justify conclusions showing
causation, it is a significant indicator that changes to one
variable within the two datasets compared greatly affects the
changes to the second variable. There was also a presence of
missing data both on weather conditions and dengue fever
cases. This fairly limited the amount of analysis performed
on the respective years with missing data. Furthermore, the
CWM dengue fever records did not contain data on dengue
fever patients from the year 2015 thus the study period had to
be reduced. The original years under study which was
approved by CHREC were from 2015 to 2019 however, due
to missing data this period had to be shortened to 2016-2019.
Missing minimum temperature data from the year 2016
caused the exclusion of analysis of the effect of minimum
temperature on dengue fever for the above-mentioned year.
Mareover, a lack of monthly data availability on temperature
and rainfall from the year 2019 also caused an exclusion of
the year from the Spearman’s rank correlation coefficient
analysis. The results of this study do not consider the
mortality rate associated with dengue fever or the different
dengue fever serotypes

VI. CONCLUSION

In recent years dengue fever cases have raised in Fiji, after an
outbreak in 2014 the cases continued to increase. While there
was a consistent raise in dengue fever cases in Fiji a drop in
cases was noted in 2019. Dengue fever in Fiji shows the
highest incidence in females while showing the highest
prominence within the 21-30 years old range. Minimum
temperature showed the strongest association with dengue
fever in Fiji at lag period of 1 month. Overall, all weather
variables showed positive correlation with dengue fever in
Fiji. However, this was a correlation study and a strong
positive correlation cannot be considered causation. Further
research with a longer time span and a greater availability of
data is needed to draw stronger correlations between dengue
fever and weather variables in Fiji. This study proves a strong
correlation exits between weather and dengue fever in Fiji
however, more in-depth research is required to draw more
concrete evidence for causation
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