History of arthropod-borne virus infections in French Polynesia
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In French Polynesia, arthropod-borne diseases are major public health problems. From the mid-1940s, the four serotypes of dengue virus
(DENV-1 to -4) have caused 15 epidemics of variable severity. In 2013, for the first time, a sustained co-circulation of two different
DENYV serotypes (DENV-1 and -3) was reported. The same year, Zika virus (ZIKV) caused the largest outbreak ever recorded at that
time. Severe neurologic complications in adults, including Guillain-Barré syndrome and central nervous system malformations in
newborns and foeteuses, such as microcephaly, were reported, and a causal link with ZIKV infection was established. In addition to
mosquito-borne transmission, the potential for perinatal, sexual and blood-transfusion transmission of ZIKV was demonstrated. In 2014,
chikungunya virus (CHIKV) caused an explosive outbreak. Series of Guillain-Barré syndrome temporally associated with the CHIKV
epidemic were reported. Except for DENV, ZIKV and CHIKYV, no other arboviruses have been detected so far, but serologic evidence
suggested the past silent circulation of Ross River virus. From May 2015 DENV-| has been the only arbovirus transmitted in French
Polynesia, but the reemergence of DENV-2 is highly expected since the detection of two autochthonous cases of DENV-2 infection in
June 2018.
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(DENV-I to -4; family Flaviviridae, genus Flavivirus) were the
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only known mosquito-borne viruses causing outbreaks until
the emergence of Zika virus (ZIKV; family Flaviviridae, genus
Flavivirus) and chikungunya virus (CHIKYV; family Togaviridae,
genus Alphavirus) [ 1 —3]. Serologic evidence also suggested an
undetected transmission of Ross River virus (RRY; family
Togaviridae, genus Alphavirus) [4,5].

Here we review knowledge from the literature about the
epidemiologic characteristics, clinical features and modes of

French Polynesia (FP) is a French overseas collectivity in the transmission of arboviruses in FP.

Southeast Pacific (Fig. |1). The population is ~276 000 in-
habitants living on 74 islands distributed among five archipel-
agos (Society, Tuamotu, Marquesas, Australs and Gambier).
The most populated islands are Tahiti and Moorea (Wind-

ward Islands, Society archipelago) with ~190000 and ~17 000
inhabitants, respectively (2017 census; http://www.ispf.pf/
docs/default-source/rp2017/repart_poplegale_iles_2017_v3.
pdfisfvrsn=2). Arthropod-borne viruses (arboviruses) are
transmitted to vertebrate hosts by haematophagous insects
such as mosquitoes. In FP, the four serotypes of dengue virus

Dengue viruses

The earliest dengue-like outbreaks in FP were reported during
the 9th century, in 1852, 1870, 1885 and 1902 [6—8]. In 1944,
concomitant with World War Il, which caused a massive
movement of people and the spread of mosquito vectors across
the Pacific region, the first DENV outbreak of known serotype
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Map of French Polynesia. Five archipelagos of French Polynesia are delineated by grey lines. Islands of Tahiti and Moorea are indicated by

arrows. Inset map at upper left shows location of French Polynesia in Pacific Ocean (black circle).

was reported (Table ). DENV-1 was identified as the aetiologic
agent of the epidemic by the serologic analysis of serum samples
collected in 1951 and 1952 [9]. Then, probably as a result of the
geographical isolation and small size of the population, the
disease disappeared from FP until the occurrence of two
consecutive outbreaks in 1964—1965 [10,11] and 1969 [I2]
(Table ). Serologic tests performed on convalescent sera
showed that the viruses involved in those outbreaks were more
closely related to DENV-3 [I1,12]. During the interepidemic
period, only one case of infection was detected in 1968, sug-
gesting either that the same DENV-3 strain has been silently
circulating during the whole period or that multiple virus
importations occurred [|2]. From the 1960s, the construction
of the international airport on Tahiti that increased human
exchanges with DENV hyperendemic areas, accelerated
urbanization, increase in population and lack of mosquito
control contributed to the increasing number of DENV out-
breaks due to DENV-2 in 1971, DENV-1 in 1975-1976,
DENV-4 in 1979, DENV-1 in 1988-1989, DENV-3 in
1989—1990, DENV-2 in 1996—1997, DENV-1 in 2001 and then
in 2006—2007, DENV-4 in 2009 and DENV-I concomitantly

© 2019 The Authors. Published by Elsevier Ltd, NMNI, 29, 100513

with DENV-3 in 2013 [13—-22] (Table I). Phylogenetic evidence
supported that the epidemics in FP resulted from introduction
of DENV strains either from the Caribbean, South America,
Southeast Asia or other Pacific island countries and territories
[1-3,21-25] (Table I).

Until the early 2000s, the epidemiology of DENYV in FP was
characterized by the alternating transmission of each DENV
serotype, with a period of co-circulation of two different
serotypes not exceeding 5 months (Table |). Between February
2013 and April 2014, for the first time, a long-term simulta-
neous transmission of two different DENV serotypes (DENV-1
and -3) was observed [22]. Even though the delay from the
previous circulation period was longer for DENV-3
(1989—-1996) than for DENV-1 (2001-2009), DENV-3 rapidly
disappeared while DENV-1 continued being transmitted and
was still circulating as of 30 December 2018 [26].

In February 2017, while DENV-2 was actively circulating in
several Pacific island countries and territories, three travelers
returning from Vanuatu to participate in a soccer contest in
Tahiti were confirmed as experiencing a DENV-2 infection [1].

No additional cases were reported until June 2018, when
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Characteristics of dengue, Zika and chikungunya virus infection outbreaks and circulation in French Polynesia,

1944-2018
No. of No. of
infections infections No. of No. of
estimated  confirmed hospitalizations  deaths Probable
Period of Period of during during during during area of virus
Arbovirus outbreak circulation outbreak outbreak outbreak outbreak importation Source
DENV-1 1944 NA 26 000" NA NA NA NA [9.18]
DENV-3 Aug 1964—May Aug 1964—Dec 1965 NA 7 NA 0 Caribbean [10,11,24]
1965
DENV-3 Jun 1969—Oct 1969  Jun 1969—-Oct 1969 NA NA NA NA Caribbean [12,24]
DENV-2 May 1971-Sep 1971  May 1971-May 1975 42200° >50 33 3 Caribbean [13,18,24]
DENV-I Jul 1975—-Mar 1976 Mar 1975—-Mar 1979 34 100" 694 0 0 Southeast Asia [14,18,23]
DENV-4 Jan 1979-May 1979  Jan 1979—May 1988 37 500" 630 50 | Southeast Asia [15,16,18,21]
Mar 1985—Jul 1985 NA 92 NA NA
DENV-1 Dec 1988—Jun 1989  Nov 1988—Nov 1989 35100" 1976 0 0 South America [17,18,25]
DENV-3 Aug 1989—Jun 1990  Apr 1989—Dec 1996 49500° 1357 401 I Oceania [18,24]
DENV-2 Aug 1996—Apr 1997  Aug 1996—Dec 2000 43500° 2027 232 | Southeast Asia [1,18]
DENV-1 Jan 2001-Nov 2001 Jan 2001 —Jul 2009 33800 ~2400 1379 8 Southeast Asia [19,20,25]
Aug 2006—Nov NA 2262 241 |
2007
DENV-4 Feb 2009—Sep 2009  Jan 2009—Dec 2010 24500 2473 105 0 Oceania [20,21]
DENV-3 Feb 2013—Dec 2013 Feb 2013—Dec 2014 I OOOb— 1434° 115° 1° South America [22,34]
22000
DENV-I| Feb 2013—Dec 2014  Feb 2013—Ongoing NA 3678° ~340° 1 NA [22,26,34]
ZIKV Oct 2013-Apr 2014  Oct 2013-Apr 2014 32000 383 69 2 Southeast Asia [2,29-31,41]
CHIKV Sep 2014—Mar 2015  Sep 2014—Apr 2015 69000 4443 844 18 Caribbean [3,34,44,46,47]

CHIKY, chikungunya virus; DENV-1, dengue virus serotype |; DENV-2, dengue virus serotype 2; DENV-3, dengue virus serotype 3; DENV-4, dengue virus serotype 4; NA, data not

available; ZIKV, Zika virus.
?Data available only for Windward Islands.

°No. of estimated DENV infections, of infections confirmed by serologic and/or molecular testing, of hospitalizations and deaths reported during period of co-circulation of both

DENV-1 and DENV-3 from February to December 201 3.

“No. of DENV infections confirmed by serologic and/or molecular testing, of hospitalizations and deaths reported during period of co-circulation of both DENV-1 and DENV-3 from

February 2013 to December 2014.

autochthonous DENV-2 infections were detected 2 weeks
apart in two residents from the same island (Raiatea, Society
Islands) who had not recently travelled abroad [26]. Vector
control measures were immediately implemented to prevent
the spread of the virus, and no other case of DENV-2 infection
was reported during the following months. Nevertheless,
because of the low level of herd immunity against this sero-
type, FP is still at high risk for a DENV-2 outbreak to occur.
Indeed, serosurveys conducted in adult blood donors from
Tahiti between 2011 and 2013 [27], in the general population
from the five archipelagos and in schoolchildren from Tahiti in
2014 [28] and in the inhabitants from the Windward Islands in
2015 [28] confirmed that prevalence rates of immunoglobulin
G (IgG) antibodies against DENV-2 (respectively 49%, 51%,
0 and 18%) were lower than against the other DENV serotypes
(respectively 65%, 88%, 50% and 80% for DENV-1, 60%, 67%,
5% and 55% for DENV-3 and 60%, 61%, 14% and 42% for
DENV-4).

Zika virus

The first reported outbreak of ZIKV in the Pacific region
occurred in Yap Island (Federated States of Micronesia) in 2007
[29]. In October 2013, concomitant with the co-circulation of
DENV-I and DENV-3, a cluster of patients from Tahiti pre-
senting with an exanthematous illness resembling dengue was
recorded [2,29-31]. ZIKV was identified by molecular testing
in the serum of a patient who tested negative for DENV. From

October 2013 to April 2014, ZIKV caused the largest outbreak
ever recorded at that time, with approximately 32000 clinical
cases (11.5% of the population) reported (Table |). Phyloge-
netic analysis of ZIKV strains showed that the closest strain to
the viruses isolated in FP had been collected in Cambodia in
2010 [2]. The serosurvey conducted in blood donors before
the first detection of ZIKV found that the proportion of par-
ticipants that had IgG against this virus was very low (0.8%),
confirming that ZIKV did not circulate in FP before the
occurrence of the outbreak [27]. After the emergence of ZIKYV,
49% of the participants recruited in the five archipelagos of FP
were seropositive for anti-ZIKV IgG [32].

Chikungunya virus

CHIKV infection was first reported in the Pacific in New
Caledonia in 2011 [3,33]. In FP, CHIKYV infection was detected
for the first time in May 2014 in a resident returning from
Guadeloupe (Caribbean), where an outbreak was ongoing [33].
Vector control measures were immediately implemented, and
no secondary case of CHIKYV infection was detected during the
following months. From September 2014, an increasing number
of patients with dengue-like illness who tested negative for both
DENYV and ZIKV were recorded in Tahiti, and autochthonous
CHIKYV infection was confirmed in seven patients [3]. Until
the end of the outbreak in March 2015, it was estimated that
~69000 patients (25% of the population) sought medical
care for CHIKYV infection [34] (Table I). Phylogenetic studies

© 2019 The Authors. Published by Elsevier Ltd, NMNI, 29, 100513
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suggested that the CHIKYV strain involved in the outbreak had
probably been introduced from the Caribbean, although the
virus was actively circulating in other Pacific island countries
and territories at the time the first autochthonous cases of
infection were detected [3]. The low seroprevalence of CHIKV
(<3%) found in serosurveys conducted before the outbreak in
FP confirmed that the virus had not previously circulated in the
population [4,28]. After the end of the outbreak, 76% of the
participants from the Windward Islands were seropositive for
anti-CHIKYV IgG [28].

Ross River virus

RRV is endemic to Australia and caused outbreaks between
1979 and 1980 in several Pacific island countries and territories
(Fiji, Cook Islands, American Samoa, New Caledonia and Wallis
and Futuna), but not in FP [4]. Although RRYV infections have
never been reported in FP, serosurveys conducted among
blood donors during 2011-2013 and then among the general
population from the five archipelagos in 2014 showed that
respectively 34% and 35% of the participants had anti-RRV IgG,
suggesting an undetected circulation of this arbovirus [4,5].
Nevertheless, the analysis of blood samples collected from
schoolchildren aged under 16 years in 2014 revealed that only
|% of them were seropositive for anti-RRV IgG, suggesting that
RRYV had not recently circulated in FP [5].

DENY infections
Until the early 1970s in FP, DENV infections caused mild
clinical symptoms, mostly including sudden and high fever,
myalgia, arthralgia, retro-ocular headache and maculopapular
rash [10,12]. During the DENV-3 outbreak in 1964—1965,
haemorrhagic symptoms (digestive, cutaneous, mucosal and
genital haemorrhages) were frequently reported but without
causing severe disease [10]. The DENV-2 outbreak in 1971 was
characterized for the first time by the occurrence of severe
haemorrhagic symptoms requiring hospitalization for 33 pa-
tients, three of whom died [13] (Table I). Since then FP has
been hit by DENV epidemics of variable severity, with DENV
infection—related hospitalizations and deaths frequently recor-
ded in children [18,19]. Severe manifestations of the disease
mostly included haemorrhage and organ impairment [I9].
Neurologic complications such as acute encephalitis and Guil-
lain-Barré syndrome (GBS) were also reported during out-
breaks of DENV-I in 2001 [19] and DENV-4 in 2009 [35].

It has been suggested that the history of exposure of the
population to other DENYV serotypes could have been associ-
ated to the severity of the DENV-2 outbreak in 1971 [36] and

© 2019 The Authors. Published by Elsevier Ltd, NMNI, 29, 100513

the DENV-I outbreak in 2001 [37] through the mechanism of
antibody-dependent enhancement. However, the observation
that severe cases were as frequent in primary as in secondary
DENYV infection suggested that severe DENV epidemics could
be related to the increased virulence of some virus strains [38].

ZIKY infections
Clinical symptoms of ZIKV infection in FP were estimated
having occurred in 57% of patients [32] and included mac-
ulopapular rash, fatigue, fever, arthralgia, nonpurulent
conjunctivitis, hand or foot oedemas, headache and myalgia
[30,31]. None of the ZIKV-infected patients developed severe
symptoms that required hospitalization during the acute phase
of the disease, but neurologic or autoimmune complications
occurred later in 69 patients (Table |). In November 2013, a
first case of probable ZIKV infection complicated by GBS was
described [39]. Until February 2014, a total of 42 cases of GBS
were observed in adults, while the mean annual number of GBS
in FP was five between 2009 and 2012 [30,31,40]. Twenty-one
additional cases of neurologic complications were recorded,
including nine encephalitis and meningoencephalitis, and four
myelitis and other neurologic disorders (paresthesia, facial
paralysis, vestibulitis) [30]. Moreover, four cases of immune
thrombocytopenic purpura, one of optic neuritis and one of
papillitis were diagnosed. A retrospective case—control study
conducted in FP demonstrated for the first time the association
between GBS and ZIKV infection, with neutralizing antibodies
against ZIKV detected in the blood samples collected from all
patients with GBS [40]. For the other cases of neurologic
complications, the causal link could not be established, although
ZIKV infection was confirmed by molecular testing for four
patients and by serologic testing for six other patients [30].
After the ZIKV epidemic, an unusual increase in annual
congenital cerebral malformations (twofold), brainstem
dysfunction (31-fold) and severe microcephaly (14-fold) was
observed among children born to women who were pregnant
during the outbreak [41]. A retrospective review of congenital
cerebral malformations and dysfunction, detected in a prenatal
and neonatal population in FP from March 2014 to May 2015,
identified 19 cases, including eight of major brain lesions and
severe microcephaly, six of severe cerebral lesions without
microcephaly and five of brainstem dysfunction without
visible malformations. Medical termination of pregnancy was
performed in |1 cases, and two infants died within the first
months after birth (Table I). It was estimated that the number
of microcephaly cases associated with ZIKV infection was 95
(95% confidence interval, 34-191) per 10000 women
infected in FP during the first trimester of pregnancy [42].
A retrospective case—control study confirmed the association

between maternal ZIKV infection and central nervous system
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malformations in newborns and foeteuses whose gestation
occurred during the ZIKV outbreak in FP [43]. However, a
cross-sectional study conducted among children born without
birth defects after the ZIKV outbreak did not provide evidence
that congenital ZIKV infection had a major negative effect on
the early stages of childhood development [43]. Because this
study was performed on a small case series of infants recruited
shortly after the end of the ZIKV outbreak, larger cohorts of
children followed over a longer period of time are needed to
detect potential developmental and learning delays.

CHIKY infections

Symptomatic CHIKV infection was estimated to occur in 87%
of the patients in FP [28]. In addition to the symptoms regularly
reported (fever, arthralgia, myalgia and maculopapular rash)
[3,44], a case of uveitis associated to CHIKYV infection was also
documented [45]. A total of 844 patients were hospitalized for
more than 24 hours [46] (Table 1), including 64 patients with
confirmed CHIKYV infection who were admitted to the intensive
care unit for complications such as encephalitis, myocarditis and
GBS [47]. From November 2014 to February 2015, nine cases
of GBS were detected [44]. GBS incidence was increased
fourfold to ninefold during this period, suggesting a causal
relationship between CHIKYV infection and GBS. Moreover, 21
infants developed symptoms related to CHIKV infection during
the first days after birth, including two severe cases [46].
Eighteen CHIKV infection—related deaths were recorded,
mostly in patients with comorbidities [44,47] (Table I).

Mosquito-borne transmission

In FP, the transmission of DENYV, ZIKV and CHIKYV is related to
two diurnal mosquito species belonging to the genus Aedes,
subgenus Stegomyia: the worldwide distributed Ae. aegypti and
the indigenous Ae. polynesiensis [48—50]. The silent circulation of
RRV may have been supported by these same vectors but also by
potential vectors from the Culex genus distributed in the region:
Cx. annulirostris, Cx. sitiens and Cx. quinquefasciatus [51]. The
mosquito vectors of arboviruses in FP are reviewed in a article
devoted to this topic entitled ‘Mosquito vectors of arboviruses in
French Polynesia,’” published in the special issue about infections

in FP in this journal (New Microbes and New Infections).

Non-vector-borne transmission

Non—mosquito-borne transmission of CHIKV has not been
described in FP. For DENYV, perinatal infections were observed
during the outbreaks of DENV-3 in 1989—1990 and DENV-1 in
2001, respectively in five and three infants born from mothers

experiencing a dengue-like illness just before or during delivery
[19,52]. The potential for maternofoetal and blood transfusion
transmission of ZIKV was first described in FP and was later
confirmed when the virus emerged in Brazil [31]. Indeed, two
cases of perinatal transmission of ZIKV were recorded in 2013
and 2014, with high ZIKV RNA loads detected in both mothers’
breast milk [53]. Even though no replicative virus particles were
detected in the milk after inoculation onto mammalian cells, it
has been suggested that ZIKV transmission by breast-feeding
should be considered. The potential for ZIKV transmission
through blood transfusion was demonstrated, with 42 (2.8%) of
1505 blood donors, although asymptomatic at the time of blood
donation, found to be positive by molecular testing, including | |
who developed a Zika fever—like syndrome within 3 to 10 days
after donation [54]. However, posttransfusion ZIKV infection
was not documented in blood transfusion recipients in FP.
Finally, ZIKV transmission by sexual intercourse, suspected for
the first time in a US citizen in 2008, was also suggested in FP, as
high virus RNA loads and replicative particles were detected in
two semen samples collected 3 days apart from a patient who

sought treatment for haematospermia [55].

The epidemiology of arboviruses has recently changed in FP from
an alternating transmission of each of the four DENV serotypes
[17 to the sustained co-circulation of two different serotypes [22]
along with the emergence of viruses not previously reported in
the country [2,3]. Except for DENV, ZIKV and CHIKYV, no other
arboviruses have been isolated in FP so far, but serologic evidence
strongly suggested the past undetected transmission of RRV [4,5].
The existence of air links between FP and other countries where
different arboviruses circulate, the presence of several potential
mosquito vectors and the absence of herd immunity against those
arboviruses may allow the introduction and local transmission of
new mosquito-borne viruses, as previously happened with ZIKV
and CHIKV [56]. However, FP can be a hub to emergence of
arboviruses in other countries, as illustrated by the exported
cases of ZIKV infection detected in neighbouring Pacific
island countries and territories, in Europe and in the United
States; phylogenetic evidence also suggests that the ZIKV strain
responsible for the outbreak in Brazil had been imported from
the Pacific region, including FP [31,57]. The experience of FP with
the emergence of ZIKV and CHIKV and the occurrence of severe
neurologic disorders after infection [39—42] demonstrated that
the clinical impact of arboviruses should not be underestimated.
As a result of the high risk of reemergence of DENV-2 and the
constant threat of introduction of new viruses, effective surveil-
lance of arboviruses is crucial in FP.

© 2019 The Authors. Published by Elsevier Ltd, NMNI, 29, 100513
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