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Introduction: Dengue virus serotype-3 caused a large community-level outbreak in Fiji in 2013 and 2014. We aimed
to characterize the demographic features of affected individuals and to determine dengue mortality during the outbreak.

Methods: All laboratory-confirmed dengue cases and deaths were included in this study. Incidence and mortality were
calculated according to demographic variables.

Results: A total of 5221 laboratory-confirmed cases of dengue were included in this analysis. The majority of patients
were male (54.5%) and indigenous Fijians (iTaukei) (53.5%). The median age was 25 years old. The overall incidence
was 603 per 100 000 population. The age-specific incidence was highest among people between 20 and 24 years of age
(1057 per 100 000) for both sexes. The major urban and peri-urban areas of Suva and Rewa subdivisions reported the
highest incidence of >1000 cases per 100 000 population.

A total of 48 deaths were included in this analysis. The majority of dengue-related deaths occurred in males (62.5%)
and in the iTaukei (60.4%) population. The median age at death was 35 years old. The overall dengue-related deaths was
estimated to be 5.5 deaths per 100 000 population. Dengue mortality was higher for males (6.8 per 100 000) than females.
The highest age- and sex-specific mortality of 18 per 100 000 population was among males aged 65 years and older.

Discussion: Dengue morbidity and mortality were highest among males, indigenous people and residents of urban and
peri-urban locations. Effective and integrated public health strategies are needed to ensure early detection and appropriate

outbreak control measures.

engue is one of the most common vector-borne
diseases of public health importance globally. The
disease is endemic in more than 100 countries,!
and it is estimated that 390 million dengue infections
occur annually.? Dengue has emerged as a significant
public health problem in Pacific island countries,
including Fiji, causing large outbreaks in recent years.3>

Dengue is endemic in Fiji, and its epidemiology has
showed dynamic changes over the last four decades.®~8
Dengue distribution is characterized by low endemic
levels of transmission, usually dominated by a single
serotype with cyclical patterns of outbreaks following
introduction of a new serotype.*’ In non-outbreak years,
the estimated incidence in Fiji ranged from 0.34 to 51.15
per 100 000 population.® Historical reports documented
two nationwide outbreaks in 1971 and 1975,%1! after
which there was no major outbreak for over a decade.
Since 1988, outbreaks have occurred with increasing fre-

quency, with six major outbreaks reported between 1998
and 2017.%7212:13 Major outbreaks have occurred in a
cyclical pattern of approximately every four to five years.

In 2013, dengue serotype-3 virus (DENV-3) re-
emerged in the South Pacific after 18 years, causing con-
current outbreaks in several Pacific island countries.®=3
Before then, DENV-3 had last circulated in Fiji in 1989
and 1990, causing a large community-level outbreak.
At the end of 2013, dengue cases began to increase
in Fiji, and an outbreak was declared that continued
into 2014. During this outbreak, over 15 000 cases
(1733 per 100 000) were reported nationwide with a
record number of deaths.® We investigated demographic
patterns of incidence and mortality during the 2014
outbreak period that could provide important information
for the prediction and control of future outbreaks. We
aimed to characterize dengue cases and to determine the
magnitude of mortality in 2014.
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METHODS

Dengue surveillance in Fiji includes notification of
laboratory-confirmed and clinically suspected cases.
Confirmatory testing is primarily performed at the na-
tional public health laboratory. The laboratory tests used
in Fiji at the time of the outbreak were enzyme-linked
immunosorbent assay and non-structural protein antigen.
All confirmed cases are reported to the Fiji Centre for
Communicable Disease Control (FCCDC). Laboratory
surveillance data include demography (patient’'s name,
hospital number, age, sex, ethnicity, address, health facil-
ity), date of reporting, and test results. Information not
routinely collected for surveillance purposes are date of
onset, signs and symptoms, dengue type (dengue fever or
dengue haemorrhagic fever), patient outcome (mortality)
and socioeconomic data such as education level, occupa-
tion, and income. No established surveillance system for
determining circulating serotypes exists; however, during
outbreaks, representative blood samples are sent to
overseas laboratories to identify the specific dengue virus
causing the outbreak.

Health-care services in Fiji are provided by the
Ministry of Health and Medical Services (MoHMS) which
is divided into four divisions: Central, Northern, Western
and Eastern. Each division is further divided into several
subdivisions that have secondary-level (subdivisional)
hospitals that receive referrals from community-level
facilities.’

All health-care providers report suspected cases of
dengue through the national notifiable disease surveil-
lance schedule (NNDSS). The NNDSS staff monitors a
comprehensive list of 46 diseases that medical officers
are required to report weekly. The NNDSS only contains
data on the number, age and sex of patients. All line lists
of laboratory-confirmed cases are also submitted to the
NNDSS during outbreaks.

Dengue deaths are reported using the standardized medi-
cal cause of death certificates (MCDC) that are completed
by medical officers. Dengue must be explicitly stated on
the MCDC to be coded as a dengue death. All deaths
are registered into the patient information system (PATIS
plus) electronic database using MCDC data and further
coded according to the International Classification of
Diseases, Tenth Revision (ICD 10) through an automated
system called Iris (version 4.0).*4

WPSAR Vol 10, No 1, 2019 | doi: 10.5365/wpsar.2018.9.3.001

Getahun et al

For our epidemiological review, all laboratory-
confirmed dengue cases reported to FCCDC in 2014
were included. Duplicate entries of patients who were
cases more than once within an incubation period were
removed. Deaths attributed to dengue were obtained
from PATIS plus. Three additional laboratory-confirmed
dengue deaths in 2014 identified in another study'® were
added in the mortality analysis, even though they were
not in the official record.

Data analysis was performed using Microsoft Office
Excel 2010 and SPSS software version 24. Descriptive
statistics were used for the demographic profile (sex,
ethnicity and age) of laboratory-confirmed dengue cases
and dengue-related deaths.

All descriptive analysis results were calculated as
proportions and medians with interquartile ranges.

Overall and specific incidence and mortality, strati-
fied by demographic variables, were computed using
population projections provided by the Fiji Bureau of
Statistics (FBOS) for 2014 (FBOS 2014, projected
population, unpublished). Since FBOS data are not disag-
gregated for medical divisions, incidence and mortality
by medical divisions and subdivisions were calculated
using the 2014 population estimates from the MoHMS.?
Incidence and mortality are expressed per 100 000
population. The geographic distribution of dengue pa-
tients was evaluated using the location of the treating
health facilities since patients’ home addresses were not
systematically recorded.

Ethical approval was given by the College Health
and Research Ethics Committee, College of Medicine,
Nursing and Health Science, Fiji National University and
the National Health Research and Ethics Review Com-
mittee (2016.110.N.W.).

RESULTS

A total of 5249 laboratory-confirmed cases of dengue
were reported in 2014 (FCCDC, unpublished). After
excluding 28 duplicates, 5221 cases were included in
this analysis. Most of the cases were male (54.5%), were
iTaukei (indigenous Fijians) (53.5%) and were residents
of the Central Division (65.5%) (Table 1). The median
age (interquartile range [IQR]) was 25 years (16-35).
The majority of cases (80%) were reported during the
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Table 1. Demographic characteristics of laboratory-
confirmed and dengue mortality cases
Confirmed dengue Dengue deaths
cases (n = 5221) (n=48)
n (%) n (%)
Sex
Male 2848 (54.5) 30 (62.5)
Female 2373 (45.5) 18 (37.5)
Ethnicity
iTaukei 2794 (53.5) 22 (60.4)
Indian descent 2248 (43.1) 16 (33.3)
Others 179 (3.4) 3(6.3)
Age group
0-4 190 (3.6) 5 (10.4)
5-14 852 (16.3) 4 (8.3)
15-24 1464 (28.0) 9 (18.8)
25-34 1211 (23.2) 6 (12.5)
35-44 594 (11.4) 4 (8.3)
45-54 408 (7.8) 6 (12.5)
55-64 208 (4.0) 8 (16.7)
65+ 123 (2.4) 6 (12.5)
Unknown 171 (3.3) 0
Median (IQR) 35 (18-57) 25 (16-35)
Division
Central 3418 (65.5) 20 (40.7)
Western 1080 (20.7) 18 (37.5)
Northern 711 (13.6) 9(18.8)
Eastern 12 (0.2) 1(21)

IQR, interquartile range.

first quarter with the highest number of cases occurring
during epidemiologic week 7 from 23 February to 1
March 2014 (614 cases).

The overall incidence of laboratory-confirmed
dengue was 603 cases per 100 000 population. The
incidence was higher in males (674 per 100 000)
compared with females (577 per 100 000). Age-specific
incidence progressively rose after the age of 10 years and
reached its highest among people between 20 and 24
years of age (1057 per 100 000) for both sexes, and it
steadily declined in the age group 50 years and above
(Fig. 1). Further analysis of the incidence by geographi-
cal location showed the highest burden in the Central
Division (912 per 100 000) followed by the Northern
and Western Divisions (542.8 per 100 000 and 278.6
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per 100 000, respectively). The major urban and peri-
urban subdivisions, within the Central Division (Suva
and Rewa), reported the highest incidence of >1000 per
100 000 population (Fig. 2).

A total of 45 deaths attributed to dengue were
reported to MoHMS (PATIS plus, unpublished). Three
additional dengue-related deaths were found during
another study.!® A total of 48 deaths were included in
this analysis. The majority of reported deaths occurred
in males (62.5%), iTaukei (60.4%) and residents of the
Central Division (40.7%). The median IQR age at death
was 35 years (18-57), and five (10%) deaths were
among children under the age of 5 years. Overall mortality
was estimated to be 5.5 deaths per 100 000 population.
Dengue mortality was higher for males (6.8 per 100 000)
compared to females (4.2 per 100 000). Mortality
increased steadily with age: the highest mortality was
among men aged more than 65 years (18 per 100 000)
(Fig. 3). The lowest recorded mortality was for boys aged
between 5 and 14 years. Those under 5 years of age had
higher mortality (5.6 per 100 000) compared to children
between 5 and 14 years of age (2.4 per 100 000). The
Northern Division had the highest dengue mortality
(6.9 per 100 000) followed by the Central (5.3 per
100 000) and Western Divisions (4.6 per 100 000). Two
subdivisions in the North (Bua and Macuata) reported
the highest mortality (12 per 100 000). Among notified
deaths (n = 45), the underlying cause of death was
reported as dengue fever in most (62.2%). The remaining
37.8% were reported as dengue haemorrhagic fever.

DISCUSSION

Dengue has emerged as a significant public health
problem in Fiji and the South Pacific, causing large
outbreaks in recent years.>® A better understanding of
the epidemiology of dengue is essential to appropriately
allocate limited resources for dengue control and to better
evaluate the impact of control activities. We conducted
a retrospective review of dengue cases in Fiji during the
2014 DENV-3 outbreak to characterize the demographic
features and to determine the magnitude of dengue-
related mortality.

In this study, the median age of infection was 25
years, and age-specific incidence was highest among
people between the ages of 15 and 34 years. The
predominance among those in these age strata may be
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Fig. 1. Age- and sex-specific incidence of laboratory-confirmed dengue in Fiji in 2014
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Fig. 2. Dengue incidence by medical subdivision in Fiji in 2014
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Fig. 3. Dengue mortality in 2014 outbreak in Fiji, by age group and sex
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explained by their vulnerability to DENV-3, which last
circulated in the country 24 years prior. Our findings are
consistent with reports from previous outbreaks in Fiji
that showed higher morbidity among adolescents and
young adults,®®1%11 which differs from patterns seen in
hyperendemic countries in Asia where dengue is mainly
reported among young children.!” However, a shift in age
groups has been demonstrated in some countries such
as Singapore, Malaysia and Thailand, when dengue out-
breaks occurred after the introduction of a new serotype
mainly affecting the adult population.!8-20

Males had a higher disease burden than females,
as demonstrated by the increased absolute number and
incidence among the male population. Previous outbreak
and non-outbreak reports also demonstrated male pre-
ponderance in Fiji®®!! and other countries.?%?! We did
not investigate the reason for the observed difference in
incidence by sex, but possible reasons include increased
risk of infection among men due to occupational
exposure.

We report high dengue incidence in the main
urban and peri-urban areas of Fiji. In the Central Divi-
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sion, Suva (the capital city) and Nausori, the adjacent
peri-urban hub, reported the highest incidence with over
1000 cases per 100 000 population. Previous studies
in Fiji reported a higher number of dengue cases and
mosquito vectors in urban and peri-urban areas.®22:23
Increased reporting from urban areas could be due to
greater availability of health services and access to test-
ing. Urban and peri-urban areas in Fiji are characterized
by expansive informal settlements with high population
density and limited sanitation and public services.?:24
The Suva—Nausori corridor in the Central Division has
the largest concentration of informal settlements where
access to clean water and sanitation may be an issue.?®
Globally, urban and peri-urban centres are identified as
high-risk areas for dengue.? Increased risk of spread in
these areas is attributed to population movement, trav-
el, 22326 gyercrowding, increased vector breeding sites,?®
poor sanitation facilities and hygiene?? and limited ac-
cess to health care.'® Dengue-prevention strategies in
Fiji should consider the social determinants of health and
include broader socioeconomic influences of better urban
planning and improved sanitation to reduce the overall
transmission risk factors.
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During the 2014 outbreak, the majority of cases
were reported in the first three months of the year.
Previous outbreaks and surveillance reports showed
similar seasonal patterns of dengue from November to
April, coinciding with the warm and wet season.'!?3 This
time period also overlaps with the cyclone season, when
localized dengue outbreaks have been reported following
heavy rain and flooding.?” A previous study demonstrated
a significant correlation between the incidence of dengue
with high temperatures and increased rainfall in three
study sites in Fiji.?3

Mortality in the 2014 DENV-3 outbreak was higher
than that of previously reported outbreaks in Fiji. The
1997-1998 DENV-2 outbreak’ reported 13 deaths
with an estimated mortality of 1.7 deaths per 100 000
population (based on the 1996 census). A review of the
1989-1990 DENV-1 outbreak® reported an estimated
mortality of 2.1 deaths per 100 000 population (for the
estimated population size in 1990). Our findings show
higher mortality compared to other endemic and hyper-
endemic countries in South-East Asia and South America
where dengue mortality during outbreak and non-outbreak
years ranges from 0.1 to 0.5 per 100 000 population.?®2°
Literature suggests dengue deaths have increased over
the last few decades in some countries and regions.?8-30
Increased mortality has also been attributed to greater
health-seeking behaviour and increased sensitivity of
surveillance for detecting dengue deaths.?®

The higher mortality among males has been re-
ported previously3! and is thought to be due largely to
differences in health-seeking behaviour.3? In this study,
mortality progressively increased after the age of 55
years, particularly for males. The high mortality among el-
derly patients has been attributed to decreased immunity,
compromised organ function, underlying co-morbidities
and prolonged hospitalizations, which increase the risk
of hospital-acquired infection or secondary infection.32:33
This trend is likely to continue as the population ages and
the burden of noncommunicable diseases grows.

We found higher mortality in the Northern Division
despite the relatively lower incidence. The Division is
served by one divisional hospital (Labasa Hospital) and
three subdivisional hospitals located in the main urban and
peri-urban areas. While no studies have evaluated access
to health services and quality of care in the Division, it has
the highest poverty rate in the country and poor health
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indicators.?® Health-seeking behaviours of the Northern
Division population are likely limited by socioeconomic,
geographic and infrastructure barriers, especially for rural
communities. Labasa Hospital has few specialist doc-
tors and a smaller intensive care unit compared to other
divisional hospitals, which could impact the quality of care
for critically ill patients, resulting in higher mortality. We
cannot substantiate the quality of care and access to health
services from the surveillance data. Further studies are war-
ranted to determine the possible reasons of the increased
mortality and to address health system-related issues.

In addition, the ethnic distribution of dengue mortal-
ity requires further investigation. Reports from a previous
outbreak showed increased frequency of haemorrhagic
manifestations in the iTaukei people; however, a larger
proportion of deaths occurred in Fijians of Indian de-
scent.® In contrast, in this outbreak, a large proportion
of deaths occurred among the iTaukei people. A global
review suggests that ethnic disparities in dengue severity
remain unexplained.3® One study shows that these differ-
ences may be largely due to socioeconomic factors that
can be addressed by public health interventions.3°

A review of the global literature on dengue mortality
has highlighted underreporting and the difficulties as-
sociated with attributing dengue as a cause of death as
factors challenging the understanding of mortality trends.
In addition, heterogeneity in reporting of mortality and its
predictors limits comparisons between studies.3°

Limitations

This study has several limitations. We limited our analysis
to 2014 data to ensure a systematic line listing of cases.
It is expected that given the broad clinical spectrum of
dengue, many cases would not have been reported,
particularly early in the outbreak (end of 2013). Between
March and June 2014, only clinically suspected dengue
patients were tested due to a shortage of dengue labora-
tory testing kits. Therefore, the numbers used in this study
are likely to significantly underestimate the actual humber
of dengue cases and deaths that occurred in Fiji during this
outbreak. In addition, incomplete case information (such
as patient residential address, date of onset) further limits
epidemiological analysis. Although residential address
information was not available, geographical location of
the treating health facility was considered appropriate as
patients generally use the health facility closest to their
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residents. Health-care providers should systematically dif-
ferentiate and specify the cause of dengue-related deaths,
such as dengue shock and dengue haemorrhagic fever, for
appropriate coding of underlying causes of death.

Conclusions and recommendations

Vector-borne diseases remain a significant public health
challenge in Pacific island countries and are expected to
remain so due to a combination of environmental, climatic
and socioeconomic factors. These factors increase the risk
of transmission of dengue and emerging arboviral diseases
such as chikungunya and Zika.® The high incidence and
mortality described in this study indicate a need for contin-
ued surveillance of dengue in Fiji with regular assessments
of its epidemiology to inform broad prevention strategies.
We suggest that there is a need to integrate disease and
vector surveillances to identify outbreaks earlier in high-
risk areas. In addition, vector surveillance needs to be
improved to provide real-time data on vector density in
high-risk areas and to identify circulating serotypes before
seasonal outbreaks occur. This will allow for early interven-
tions to reduce breeding sites in targeted areas and inform
risk communication strategies.

Early detection and prompt case management are
crucial to reduce dengue mortality. We reported high
mortality among males, indigenous people and residents
of urban and peri-urban areas. This information needs to
be incorporated into assessing high-risk patients and in-
terventions for prevention. Further studies are required to
identify specific risk factors for mortality among dengue
patients in Fiji.

The 2014 DENV-3 outbreak in Fiji demonstrated
the increasing risk of a large-scale community outbreak
with increased mortality following introduction of a new
dengue serotype.

Effective and integrated public health strategies are
needed to ensure early detection and implement outbreak
control measures.
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