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Abstract

Background

Dengue is the world’s most prevalent mosquito-borne viral disease. It is endemic in many
tropical and subtropical countries and represents a significant global health burden. The
first reports of dengue virus (DENV) circulation in the South West Indian Ocean (SWIO)
islands date back to the early 1940s; however, an increase in DENV circulation has been
reported in the SWIO in recent years. The aim of this review is to trace the history of
DENYV in the SWIO islands using available records from the Comoros, Madagascar, Mau-
ritius, Mayotte, Seychelles, and Reunion. We focus in particular on the most extensive
data from Reunion Island, highlighting factors that may explain the observed increasing
incidence, and the potential shift from one-off outbreaks to endemic dengue
transmission.

Methods

Following the PRISMA guidelines, the literature review focused queried different databases
using the keywords “dengue” or “Aedes albopictus’ combined with each of the following
SWIO islands the Comoros, Madagascar, Mauritius, Mayotte, Seychelles, and Reunion. We
also compiled case report data for dengue in Mayotte and Reunion in collaboration with the
regional public health agencies in these French territories. References and data were dis-
carded when original sources were not identified. We examined reports of climatic, anthro-
pogenic, and mosquito-related factors that may influence the maintenance of dengue
transmission independently of case importation linked to travel.
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Findings and conclusions

The first report of dengue circulation in the SWIO was documented in 1943 in the Comoros.
Then not until an outbreak in 1976 to 1977 that affected approximately 80% of the population
of the Seychelles. DENV was also reported in 1977 to 1978 in Reunion with an estimate of
nearly 30% of the population infected. In the following 40-year period, DENV circulation was
qualified as interepidemic with sporadic cases. However, in recent years, the region has
experienced uninterrupted DENV transmission at elevated incidence. Since 2017, Reunion
witnessed the cocirculation of 3 serotypes (DENV-1, DENV-2 and DENV-3) and an
increased number of cases with severe forms and deaths. Reinforced molecular and sero-
logical identification of DENV serotypes and genotypes circulating in the SWIO as well as
vector control strategies is necessary to protect exposed human populations and limit the
spread of dengue.

Introduction

Dengue is the most widespread arboviral infection in the world, with half of the world’s popu-
lation living in at-risk areas [1,2]. It largely spreads in tropical and subtropical regions, affect-
ing at least 128 different countries [1-3]. Although the majority of about 390 million dengue
cases estimated worldwide each year are asymptomatic, about 96 million report symptoms [3].
The disease can range from dengue fevers (DFs), with mild symptoms, to much more severe
forms called dengue hemorrhagic fever [4]. Each year, an estimated 20,000 deaths are causally
linked to dengue infections [5,6].

Dengue virus (DENV) has a positive-sense single-stranded linear RNA genome (11 kilo-
bases). It belongs to the genus Flavivirus, which includes other mosquito-borne RNA viruses
of medical importance, such as Yellow Fever, West Nile, Japanese encephalitis and Zika. His-
torically, dengue is thought to have emerged more than a thousand years ago [7,8]. The first
isolations of DENV were achieved in the 1940s [9-11]. From 1948 to 1956, serological charac-
terization identified the existence of 4 different DENV serotypes, DENV-1 to DENV-4
[7,8,11,12]. More recently, molecular analyses have highlighted the diversity of DENV geno-
types belonging to each of the serotypes [7,13,14].

DENYV is transmitted to humans by mosquito vectors, mainly Aedes aegypti and Aedes albo-
pictus [15, 16]. Long-term immunity to a single infecting serotype can last for several decades
[17]. Cross-immunity between heterologous serotypes can also exist, but does not prevent
sympatric cocirculation of multiple serotypes during outbreaks [7,13,14]. Previous DENV
infection may lead to more severe disease upon infection by a secondary serotype (i.e., second-
ary infection), through “antibody-dependent enhancement” (ADE), one of the main causes of
severe and lethal DENV infections [18,19].

Observations of DF have been increasing since the end of the World War II [20]. Models
predict that populations located in at-risk areas will increase from 3.5 billion today to 6.1 bil-
lion by 2080, the majority constrained to the tropical and subtropical belt [2]. The areas where
DENV is only epidemic could become endemic or hyperendemic, and prevalence in areas
where DENV is already endemic or hyperendemic is expected to increase significantly [2].
According to the Centers for Disease Control and Prevention, epidemic defines a sudden
increase in cases of a disease above the expected norm in a given area, endemic refers to a dis-
ease with a constant or usual prevalence in a given area, and hyperendemic describes a disease
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with a persistent high prevalence in a given endemic area [21]. However, for DENV, “hyperen-
demic” can also refer to endemic circulation of multiple DENV serotypes [7,8].

The intensification of DENV circulation is associated with parameters that are strongly
marked in the tropical and subtropical areas, namely (i) human population growth and associ-
ated substandard housing and unplanned urbanization; (ii) high vector population densities
and lack of effective vector control methods; (iii) scarcity of resources for DENV prevention,
surveillance, and treatment; and (iv) intensification of maritime and air traffic facilitating the
import/export of vectors or DENV cases [22]. Due to their reduced connectivity and smaller
size, island ecosystems, such as those of the South West Indian Ocean (SWIO), provide ideal
settings for the study of factors that influence DENV circulation [23].

The SWIO islands include Madagascar, and the archipelagos of the Mascarenes (with
Reunion, Mauritius, and Rodrigues), the Comoros (with Grande Comore, Mohéli, Anjouan,
and Mayotte), the Seychelles (Fig 1), as well as numerous uninhabited islets known as the Iles
Eparses (Europa, Juan de Nova, Glorieuses, and Tromelin). All inhabited SWIO islands have
experienced sporadic dengue epidemics and are colonized by Ae. aegypti and/or Ae. albopictus
vectors, with tropical climates favorable to their abundance [24]. Unlike many SWIO islands,
Reunion, a French overseas territory, has a well-developed infrastructure providing healthcare
services that allow for thorough surveillance of dengue cases as well as significant resources for
vector control [25].

This review proposes to (i) retrace the history of DENV in the SWIO islands (the Comoros,
Madagascar, Mauritius, Mayotte, Seychelles, and Reunion); (ii) decipher factors involved in
the occurrence of DENV outbreaks in recent years; and (iii) summarize the control measures
implemented. We explore whether DENV transmission is evolving toward endemicity, partic-
ularly in Reunion where epidemiological data are relatively abundant.

Methods

The literature review applied the PRISMA (preferred reporting items for systematic reviews
and meta-analyses) guidelines [26]. We used published data on DENV by searching in the
PubMed and Google Scholar databases using the keywords “dengue” or “Aedes albopictus”
simultaneously with each of the SWIO islands the Comoros, Madagascar, Mauritius, Mayotte,
Seychelles, and Reunion. After sorting, each article was read in full. We also compiled an
extensive database by extracting information from French dengue case reports in Reunion and
Mayotte since 2007. These data were provided by the regional unit of the French national pub-
lic health agency (https://www.santepubliquefrance.fr/regions/ocean-indien) in collaboration
with the French Indian Ocean health agencies (ARS-OI and CIRE-OI). Only nonconfidential
data records were used, and we did not have access to clinical data, impairing the use of guide-
line such as RECORD [27]. References reporting no original empirical data were disregarded.
Opverall, we examined 29 publications and 224 reports (168 from Reunion and 56 from
Mayotte). We identified observational, interventional, and population-based records and
extracted data to evaluate the number of serologically confirmed cases as well as severe forms
and deaths. Missing fields as a result of broad data heterogeneity meant that multivariate
meta-analyses were inappropriate. Thus, compiled data were used to examine trends in disease
incidence and severity.

Results
Updating history of DENV circulation in the SWIO islands

The first dengue outbreak was documented in 1943 in the Comoros [28]. A dengue outbreak
was reported in Reunion Island in 1977 to 1978 involving DENV-2 and Ae. albopictus as vector
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Fig 1. Islands of the southwestern Indian Ocean. The enlargement on the top right details the map of Reunion Island
with the locations of the main cities. The rectangles show the dengue history in the region. The different dates
correspond to the DENV outbreaks, and the colored circles represent the serotypes responsible for these outbreaks, red
for DENV-1, orange for DENV-2, green for DENV-3, and purple for DENV-4. Cartographic data: administrative
boundaries for Mayotte and Reunion Island come from OpenStreetMap; administrative boundaries for other countries
come from ICPAC Geoportal. Software: QGIS3.10. Map was created using QGIS. Basemap: GADM data (https://www.
gadm.org/data.html). AN, Anjouan; CS, Coralline Seychelles; DENV, dengue virus; GADM, Global Administrative
Areas; GC, Grande Comore; GS, Granitic Seychelles; MH, Mohéli; MU, Mauritius; MY, Mayotte; RE, Reunion Island;
RO, Rodrigues.

https://doi.org/10.1371/journal.pntd.0010547.g001

[29], with approximately 30% of the population infected [30]. Viral isolation from patient
serum [31] also confirmed the spread of DENV-2 infection by Ae. albopictus in the Seychelles
in 1976 to 1977, infecting nearly 80% of the population [32]. In 1993, DENV-1 outbreak
occurred on the Comoros with Ae. aegypti as vector [33,34].

After a period described as “interepidemic” with sporadic cases, “microepidemics” occurred
in the 2000s. First in the Seychelles, between 2003 and 2004, with more than 400 patients diag-
nosed and active transmission of DENV-1 confirmed by entomological studies [35]. Then in
Reunion in 2004, 228 cases were diagnosed in the west of the island with DENV-1 and Ae.
albopictus as the main vector [36]. The same DENV-1 serotype caused an outbreak in Toama-
sina, eastern Madagascar, 2 years later in 2006 [37]. DENV-1 was also implicated in small out-
breaks in Reunion in 2007 and 2008 with 28 and 44 autochthonous cases, respectively (Fig 1).
Occurrence of dengue-like syndromes was demonstrated by a sentinel surveillance system
deployed in Madagascar between 2007 and 2008 [38]. Ae. albopictus was also suspected in the
transmission of 234 DENV-2 cases in Mauritius in 2009 [39]. In 2010, autochthonous cases of
DENV-3 were reported for the first time in the region, in the Comoros [40], Mayotte and
Reunion (with 54 and 18 autochthonous cases, respectively) [41]. A 2011 seroepidemiological
survey in the Comoros showed the circulation of different arboviruses, including the 4 DENV
serotypes at high rates [42]. For example, as many as 80% of about 300 individuals had neutral-
izing antibodies to DENV on the island of Grande Comore [42]. In contrast, in 2008 a serolog-
ical survey among 1,825 volunteer blood donors in Reunion revealed an overall seroprevalence
of 3.1%, suggesting a population mostly naive for dengue infection [43]. In 2012, both DENV-
1 and DENV-2 were implicated in an outbreak in Mayotte with 43 autochthonous cases, while
in Reunion, DENV-1 and DENV-3 were diagnosed in 31 and 21 autochthonous cases in 2012
and in 2013, respectively. Then in 2014, only DENV-2 was reported in SWIO: The Comoros,
Mayotte, and Reunion Island (with 470 and 29 autochthonous cases, respectively) [41]. Only 6
autochthonous cases were reported in Reunion 1 year later. In Mayotte, no dengue cases were
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reported between 2015 and 2018. In 2019, a new outbreak was observed in Mayotte with 186
confirmed cases related to DENV-1. This outbreak was uninterrupted and was followed by a
highest transmission of DENV-1 in 2020 with 4,305 confirmed cases [41]. In addition, the first
severe cases (including hemorrhage, hepatic injury, and vasoplegia) and 8 associated deaths
were reported in Mayotte in 2020 [41]. No autochthonous cases of dengue have been reported
since the end of 2020 in Mayotte [41].

Following the microepidemics described in Reunion between 2004 and 2015, a surveillance
system was set up by the CIRE-OI (cellule interrégionale d’épidémiologie Océan Indien) that
allowed more efficient monitoring of DENV outbreaks and the identification of DENV vari-
ants circulating on the island. These data (number of cases, severity and DENV serotypes)
highlight a shift of epidemiological profile of dengue in Reunion from 2016, as detailed below.

Epidemiology of dengue in Reunion Island

Number of confirmed cases and incidence rate of dengue. Following low-level DENV
circulation from 2004 to 2015, a considerable increase in the annual number of dengue cases
was reported from 2016. In 2016, the number of cases was 231 (221 autochthonous cases and
10 imported cases) with an incidence rate of 26 autochthonous cases per 100,000 people (Fig
2). A slight decrease in the annual number of cases was observed in 2017 with 103 dengue
cases (94 autochthonous and 9 imported cases) and an incidence rate of 11 autochthonous
cases per 100,000 people. During the period 2018 to 2021, the total annual number of autoch-
thonous dengue cases increased significantly: 6,759 in 2018, 18,217 in 2019, 16,414 in 2020,
and 29,577 in 2021. The population incidence was 790, 2,127, 1,916, and 3,448 autochthonous
cases per 100,000 population in 2018, 2019, 2020, and 2021, respectively.

DENYV serotypes circulating in Reunion Island. The 4 DENV serotypes have been
detected in Reunion since 1977 to 1978: the 3 serotypes DENV-1, DENV-2 and DENV-3 in
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Fig 2. Incidence of autochthonous dengue cases per million population in Reunion from 2004 to 2021. Incidence is expressed in cases per million
population for visualization purposes. The distribution of DENV serotypes are given for autochthonous cases based on the number of samples
serotyped in 2016 (93 out of 221), 2017 (94 out of 94), 2018 (950 out of 6,770), 2019 (883 out of 18,217), 2020 (836 out of 16,414), and 2021 (978 out of
29,577). DENV, dengue virus; ND, unavailable data.

https://doi.org/10.1371/journal.pntd.0010547.9002
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Table 1. Summary of the number of confirmed cases of dengue and severe dengue disease in Reunion from 1977 to 2021.

Year Total number of cases

1977 to 1978
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021*

ND
228
ND
ND
28
48
12
32
4
38
33
44
10
231
103
6,770
18,217
16,414

29,577

Autochtonous cases Imported cases Dengue severity DENY serotypes
Hospitalizations Severe cases Deaths
ND ND ND ND ND 2?
228 ND ND ND ND 1®
ND ND ND ND ND ND
ND ND ND ND ND ND
28 ND 7 0 0 1?
44 4 ND ND ND 12,30
8 4 ND ND ND 2
18 14 1 0 0 15,37, 41
2 2 6 0 0 ND
31 7 0 0 0 1%, 3
21 12 4 0 0 174, 324
29 15 0 0 0 22+
6 4 0 0 0 ND
221 10 18 3 0 1%, 2% 3%
94 9 14 0 0 14, 2% 4
6,759 11 154 27 6 2?
18,217 ND 620 75 14 1%,2% 3°
16,414 ND 787 108 22 174 02+ 32
29,577 ND 1,111 245 33 1?

When serotyping was performed, the origin (i.e., from autochthonous or imported cases) is given.

?Serotype identified in autochthonous cases.

iSerotype identified in imported cases.

*In 2021, data available only from January to the beginning of October.

ND, unavailable data.

https://doi.org/10.1371/journal.pntd.0010547.t001

autochthonous cases and the 4 serotypes DENV-1, DENV-2, DENV-3, and DENV-4 in
imported cases (Table 1).

For autochthonous cases, DENV-1 was the only serotype circulating on the island in 2004,
2007, 2008, and 2021. Only DENV-2 circulated in 2009, 2014, 2017 and 2018 (Fig 2). DENV-3
was first detected on the island in 2010 and was the only serotype detected that year. After this
first detection, DENV-3 cocirculated with DENV-1 in 2012 and 2013 and the cocirculation of
the 3 serotypes DENV-1, DENV-2, and DENV-3 was reported in 2015 to 2016, 2019, and 2020
[41,44].

Data on DENV serotype distributions were often partial or incomplete; we thus limited our
interpretation of serotype abundances in autochthonous cases to samples tested between 2017
and 2021 (Table 1). During this period, DENV-1 and DENV-2 were predominant, and a small
number of coinfections were detected in 2019 and 2020 (Fig 2). In 2021, only DENV-1 was
reported between January and August.

Dengue severity in Reunion Island. As observed in other countries, the clinical signs
described in most reported dengue cases in Reunion are classic DF symptoms. Data regarding
the severity of dengue combine reported hospitalizations due to symptoms such as respiratory
distress, thrombopenia, lethargy, renal and hepatic failure, and/or more severe symptoms such
as dengue shock syndrome (DSS), as well as a small number of cases of dengue hemorrhagic
fever (DHF) and death. The first severe case of dengue was described in 2016 and the first den-
gue-related death in 2018. This recent severity of dengue in Reunion may be related with a
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significant increase in the number of cases and hospitalizations coinciding with the cocircula-
tion of 3 DENV serotypes (DENV-1, DENV-2, and DENV-3) since 2016 (Table 1, Fig 2).

Strikingly, several severe ophthalmological cases related to DENV-1 infection have been
reported, notably in 2020 and 2021 [41]. From 2019 to and 2021, secondary infections (indi-
vidual who already had DF in the past) were reported in several patients, accounting for 6.7%
of confirmed cases in 2020. Deaths in patients with secondary infections increased from 0 in
2018 to 7% in 2019, 18% in 2020, and 24% in 2021. The median age of dengue-infected patients
is about 40. Severe forms and deaths mostly occurred in older patients with comorbidities
such as diabetes and hypertension. However, increasing numbers of dengue-induced mortali-
ties have been observed in younger patients (including children) without comorbidities [41].

Trends of transmission seasonality and the geographic distribution of dengue cases in
Reunion Island from 2017 to 2021. Strong seasonal patterns in dengue incidence were
observed in Reunion from 2017 to 2021. Outbreak peaks were observed between March and
June, corresponding to the end of the austral summer, which is typically hot and humid, and
then gradually decreases from June to July during the austral winter. From 2017 onward, a low
level of DENV circulation was observed until the end of the year, unlike previous years when
transmission stopped during the austral winter. This persistence of DENV during the interepi-
demic period is a new trend that may favor a rapid increase in cases early in the year.

The geographic distribution of dengue cases during the 2016 to 2020 outbreaks revealed a
contrasting pattern in Reunion. Generally, the southern and western parts of the island are the
most affected, while dengue incidence is generally low in the eastern and central parts. In
2016, the first cases were reported in Saint Joseph in the south of the island, then the dengue
wave spread to the west and the north. In 2017, 2018 and 2019, most dengue cases occurred in
the west, notably in the cities of Saint Paul, Saint Louis, and La Possession, and in the south
especially in Saint Pierre and Petite-ile. Unlike previous years, the 2020 dengue outbreak was
characterized by the circulation of DENVs in the west of the island at the beginning of the out-
break. Thereafter, the number of cases increased rapidly and a wider geographic spread was
observed. In 2020, most DENV-3 cases were reported in the east, in particular in Saint André,
while overall DENV circulation in this city was low. For 2021, the west of the island is the most
affected, particularly in the cities of Le Port, La Possession, and Saint Paul. Several factors
related to DENV genotypes, human populations, mosquito vectors, and environmental and
weather, as well as the interactions between these factors, may explain the observed spatiotem-
poral distribution of dengue cases in Reunion over the past few years. We have also examined
how some of these factors may explain the epidemiology of dengue in Reunion.

Factors affecting the emergence and spread of DENV in Reunion Island

Human demographics. Reunion Island covers an area of 2,512 km? for a population of
about 850,000 inhabitants, with an average density of 339.8 inhabitants per km”. Between 2007
and 2012, the population increased by an average of 1% per year and since 2012, the popula-
tion increased by 0.5% [45]. The population is expected to reach 1 million by 2030. Due to the
mountainous nature of the center of the island, more than 50% of the population is located in
coastal areas, where the density can reach over 1,000 inhabitants per km? [46]. The main cities
are Saint Denis in the north (147,931 inhabitants), Saint Paul in the west (104,519 inhab.), and
Saint Pierre in the south (84,212 inhab.) (Fig 1).

From 2016 to 2021, a majority of dengue cases (approximately 95%) were observed in the
western and southern coastal areas in dense population centers [43]. However, although
equally densely populated, the northern region reported only a small percentage (approxi-
mately 3%) of cases, suggesting that demographic characteristics alone do not explain dengue
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transmission in Reunion. As far as we know, the relationship between demography and den-
gue circulation [47] has not been studied in Reunion.

Geographic mobility of human populations. Geographic mobility into and within
Reunion contribute to the introduction and spread of DENV. The 2 airports (Roland Garros
and Pierrefonds) handle over 2.5 million passengers a year, a number increasing on average by
3.5% per year since 2005. Most of Reunion’s air traffic is with Mauritius and mainland France.
However, there are many direct and indirect air links with Southeast Asia, where dengue is
endemic, thus facilitating the potential introduction of new dengue serotypes/genotypes to the
island [41]. Indeed, from 2008 to 2020, between 1 and 9 confirmed dengue cases were
imported each year from Asia (Cambodia, India, Indonesia, Malaysia, Myanmar, the Philip-
pines, Sri Lanka, and Thailand), neighboring Indian Ocean islands (the Comoros archipelago,
Madagascar, the Maldives, and the Seychelles), Oceania (French Polynesia), but also Central
America (Nicaragua), South America (French Guiana and Brazil), the French Caribbean
islands (Guadeloupe and Martinique), and Africa (Tanzania) [44]. Of note, in 2015 to 2016, 3
different serotypes (DENV-1, DENV-2, and DENV-3) were identified in 3 travelers returning
from Indonesia and Malaysia [44], highlighting the diversity of DENV variants regularly intro-
duced to the island. Also, comparison of the complete DENV-2 genomes from Reunion (2018)
and Seychelles (2016) revealed 99.8% identity [48], suggesting that these DENV strains may
have circulated between the SWIO islands.

Within the island, population movements are continuous between all areas resulting in
active daily interconnection (Fig 3). After a dengue introduction into a given area of the island,
the circulation of the virus is progressive, spreading mainly locally around an epicenter
through the vectors. Human population movement may contribute to the emergence of new
epicenters, notably when outbreak spreads throughout the island, even in remote locations
from the original epicenter.

Climatic factors. The climate of Reunion is subtropical, characterized by 2 seasons: the
austral winter (or “dry season”) from May to October, with mild temperatures (average
minima of 17 to 20°C and average maxima of 26 to 28°Ca, at sea level), less precipitation and
trade winds blowing regularly from the east; the austral summer (or “rainy season”), from
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November to April, with higher temperatures (average minima ranging from 21 to 24°C, and
average maxima from 28 to 31°C, at sea level), humidity and rainfall (http://www.meteofrance.
re/climat/description-du-climat). Local variations in climate are pronounced due to the highly
uneven relief and different wind exposures. The east is exposed to oceanic humidity brought
by the trade winds and registers some world rainfall records, with cumulative measures
exceeding 10 meters per year in some places (annual maximum of 15,931 mm), and even in
the dry season, rainfall remains significant. Conversely, the western leeward side of the island
benefits from the shelter of the relief and is much drier (annual minimum of 183 mm).

Even if some contrasts exist, this subtropical climate is suitable for the development of the
dengue vector, Ae. albopictus, throughout the year, particularly on the coastal parts of the
island [24,49]. This annual persistence seems to be more marked in recent years with mosquito
densities remaining relatively high on the coast during the austral winter. The current dengue
outbreak is occurring under favorable conditions as records of temperatures have been
reported since 2017: 2019 was the warmest year recorded since measurements began over 50
years ago (Fig 4). Indeed, warmer temperatures favor the development of vectors from aquatic
to adult stages (see next section), as well as dengue transmission, by shortening the extrinsic
incubation period and increasing vector competence [50]. Interestingly, the first 2 dengue out-
breaks in Reunion (1977 and 2004) occurred during hot years with above-normal annual tem-
peratures (Fig 4). The impact of rainfall on current dengue outbreaks is less clear. Indeed, 2017
was classified by Météo France as the third wettest year since 1972, whereas 2019 was the sixth
driest year in 50 years.

Entomological and environmental factors. Twelve mosquito species including Ae. albo-
pictus and Ae. aegypti are recorded in Reunion [51]. As in Madagascar, Mauritius and Sey-
chelles, Ae. albopictus is the main dengue vector in Reunion [16]; only a few populations of Ae.
aegypti persist in certain isolated areas [49]. Ae. albopictus is present throughout the island and
remains active up to 1,200 m [24]. The abundance of Ae. albopictus is high during the austral
summer, with a peak in March, although some variation is observed across the island [52].
Temperatures positively impact the development of aquatic stages [53]. Likewise, precipitation
favors the creation of breeding sites, which are necessary for larval development [24]. How-
ever, heavy rainfall can sometimes wash out breeding sites, increasing mortality of aquatic
stages [54].
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Fig 4. Average annual temperature in Reunion Island, 1968 to 2019 (deviation from long-term average). Black
diamonds indicate dengue outbreaks.
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Biotic factors, and in particular human behavior, also have an important effect on the popu-
lation dynamics of Ae. albopictus. The storage of water in containers (e.g., flower plates or
vases) provides breeding sites, which can be productive even during dry seasons [24]. These
anthropogenic breeding sites favor the transmission and endemicity of dengue in tropical
areas as observed for Ae. aegypti [55,56]. In Reunion, the monitoring of breeding sites con-
ducted by the Regional Health Agency indicates that anthropogenic sites are more numerous
in the western part of the island [52]. Indeed, the drier climate in this region obliges the inhab-
itants to store water. These reasons (higher temperature, and breeding site availability
throughout the year), may partly explain the higher abundances of Ae. albopictus in the west of
the island, and the higher DENV transmission.

Control strategies against DENV in Reunion Island and SWIO islands

In the absence of specific treatments to control human infection by DENVs, the availability of
vaccines would be the preferred method to reduce worldwide DENV transmission, both in
local populations and travelers. However, a tetravalent vaccine with a high level of protection
against all DENV serotypes is not yet available. Moreover, the Dengvaxia vaccine is currently
subject to safeguards [57] and its use is not recommended for French overseas territories.
Therefore, controlling Ae. albopictus populations, the main vector of DENV in the SWIO
islands, is the only affordable measure to limit the transmission of DENV.

The current implementation of vector control against Ae. albopictus in Reunion and the
other SWIO islands is mainly based on mechanical suppression of the breeding sites and
chemical treatments with insecticides. In Reunion, since 2007, vector control programs are
performed using Bti (Bacillus thuringiensis var. israelensis toxins) for larval control and delta-
methrin (pyrethroids) against adults [58]. In Mauritius, in addition to deltamethrin-based
adulticide treatments, temephos (organophosphate) is used against larvae. However, the effec-
tiveness of vector control is limited by the difficulty of accessing private gardens that do not
allow an exhaustive coverage of the areas to be treated [24] and by the multiplicity of cryptic
breeding sites, making their treatment difficult. Besides, the control of mosquito populations
using insecticides is increasingly threatened by the selection of resistance mechanisms and is
disfavored due to the associated collateral environmental damage.

In recent years, several alternative, innovative and environmentally-friendly methods have
been developed to control Ae. albopictus [59-61]. Among these methods, the sterile insect
technique (SIT) is based on the principle of releasing males rendered sterile by irradiation,
into the environment to mate with wild females [62,63]. These females will therefore not pro-
duce viable embryos, resulting in the population reduction. Pilot trials have been conducted in
Italy to reduce Ae. albopticus populations [64,65], and a field trial is ongoing in Reunion [66].
In addition to SIT, incompatible insect technique (IIT) is also considered. IIT relies on the use
of the maternally inherited Alphaproteobacteria Wolbachia to induce sterility in target popula-
tions through the cytoplasmic incompatibility (CI) phenotype. In mosquitoes, Wolbachia
induce a form of embryonic death or CI resulting from sperm-egg incompatibility occurring
when Wolbachia infected males mate with uninfected females or females infected with an
incompatible Wolbachia strain [67]. IIT targeting Ae. albopictus has been successfully applied
in a field trial in the United States [68]. In Reunion, IIT facilitated by the use of a selective sex-
ing-strain [69] has shown promising results for controlling mosquito populations. WHO rec-
ommend integrated mosquito management to sustainably reduce their densities and arbovirus
transmission [70]. Combining SIT and IIT technologies [71] has been shown to have an
enhanced impact on Aedes control in China and Thailand [72,73].
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Discussion

This review provides an update on dengue outbreaks in the SWIO region and discusses factors
that may explain the uninterrupted circulation of the virus since 2017 in Reunion leading to
an endemic situation. Based on recent public health data, we showed that different dengue
serotypes are currently circulating in the islands of the SWIO region where competent mos-
quito vectors are present. This is consistent with a more widespread trend observed across the
tropical belt and even beyond in subtropical and temperate regions colonized by Aedes vectors
[8,20]. Besides the morbidity and mortality induced by each serotype, data suggest that the suc-
cessive or cocirculation of DENV-1, DENV-2, and DENV-3 serotypes in Reunion may have
contributed to the increase in disease severity through the ADE effect [19]. Indeed, the epide-
miological profile of DENV has significantly changed since 2017 in Reunion with an increased
incidence of both mild and severe disease, including in young patients. In addition, popula-
tions in the SWIO islands, including Reunion, experience a high prevalence of preexisting
chronic conditions such as diabetes and heart disease, making comorbidities in local DENV
infection common, and thus representing aggravating factors for the development of severe
forms and deaths [74]. Another striking change is the increasing appearance of DENV-
1-related ophthalmic disorders since late 2020.

Despite a reinforced vector control program, the increased DENV incidence observed in
Reunion these last 4 years is not an exception worldwide. It may be explained by several factors
such as (i) the human population of Reunion has increased 1.6 times in less than 30 years, 36%
of whom are under 20 years old, and most of them were naive to DENV; (ii) human behaviors
such as mobility, use of water storage containers; (iii) environmental and climatic factors that
show, respectively, a deterioration of natural environments and an increase in temperatures;
and (iv) the abundant vector populations of Ae. albopictus that are maintained almost year-
round, including during the winter period.

The DENV outbreak that started in 2017 persists until today, suggesting that DENV has
become endemic in Reunion. Mayotte seems to follow the same shift as Reunion, as previous
microepidemics without severe cases have been replaced by a continuous circulation since
2019, with low level circulation during interepidemic periods. Due to the increasing public
health burden caused by DENV in the SWIO islands, as well as the shift in DENV-associated
pathologies, it is clear that DENV should be categorized as a major public health priority in the
region, requiring multilevel control and intervention measures. Because Reunion and Mayotte
are French territories welcoming many international travelers each year, they can be consid-
ered as a potential sources of DENV introduction to Europe and the world. Increased importa-
tion of DENV into southern Europe where Ae. albopictus has recently established, could
present a serious health risk to European populations.

Limitations

We queried 2 bibliographic databases and cross-referenced the information with exhaustive
data from health agencies. We cannot exclude the possibility that some articles may have
escaped us, in particular concerning the dating of the first SWIO outbreaks, since the gray lit-
erature indicates earlier dates. The lack of access to detailed clinical data prevented the applica-
tion of any protocol or meta-analysis. The lack of completeness of serology and its
heterogeneity may have introduced a bias in our estimates of disease incidence.

Conclusions

Despite the implementation of a reinforced surveillance of dengue as a compulsory disease
and years of vector control program mainly based on insecticides, the DENV circulation that

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010547  July 28, 2022 11/16


https://doi.org/10.1371/journal.pntd.0010547

PLOS NEGLECTED TROPICAL DISEASES

was sporadic is tending toward an endemic pattern in Reunion and probably in the SWIO
region. Thus, emphasizing the fact that this health risk must be addressed through a holistic

approach at the regional and global levels.

Key Learning Points

« Strong socioeconomic links exist between the South West Indian Ocean (SWIO)
islands and Southeast Asia (especially China, Thailand, and India), the region of the
world most affected by dengue, which may facilitate the regular introduction of den-
gue virus (DENV) serotypes/genotypes into the region.

Climatic (temperature and rainfall) and anthropogenic (demography and human
activities) factors in the west of Reunion favor the abundance of Aedes. albopictus pop-
ulations and consequently the transmission of dengue.

Certain indicators illustrate the endemic trend of dengue in Reunion: (i) uninter-
rupted circulation of DENV since 2017 in a mostly naive population; (ii) cocirculation
of different serotypes; and (iii) an increase number of cases with severe forms and
deaths.

Conventional vector control actions (mechanical suppression of breeding sites and
treatments with insecticides) must be reinforced by alternative methods as part of an
integrated strategy. In this context, pilot trials of sterile insect technique (SIT) and
incompatible insect technique (IIT) are underway against Ae. albopictus in Reunion.
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