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Surveillance and outbreak report
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Zika virus (ZIKV) has recently spread widely and turned 
into a major international public health threat. Réunion 
appears to offer conditions particularly favourable to 
its emergence and therefore prepared to face possible 
introduction of the virus. We designed a scaled surveil-
lance and response system with specific objectives, 
methods and measures for various epidemiological 
phases including a potential epidemic. Several tools 
were developed in order to (i) detect individual cases 
(including a large information campaign on the dis-
ease and suspicion criteria), (ii) monitor an outbreak 
through several complementary systems allowing to 
monitor trends in disease occurrence and geographic 
spread and (iii) detect severe forms of the disease 
in collaboration with hospital clinicians. We put the 
emphasis on detecting the first cases in order to con-
tain the spread of the virus as much as possible and 
try to avoid progress towards an epidemic. Our two 
main strengths are a powerful vector control team, and 
a close collaboration between clinicians, virologists, 
epidemiologists, entomologists and public health 
authorities. Our planned surveillance system could be 
relevant to Europe and island settings threatened by 
Zika virus all over the world. 

Introduction
Zika virus (ZIKV) is a mosquito-borne flavivirus trans-
mitted by Aedes spp. mosquitoes. It was first isolated 
in 1947 from a sentinel Rhesus monkey in Uganda [1], 
and shortly hereafter it was shown to cause human 
infections [2,3]. During sixty years, its area of distri-
bution has been restricted to Africa and Asia where 
it has been recognised to be a cause of febrile illness 
in humans with symptoms including fever, headache, 

conjunctivitis, myalgia, rash, joint pains [4,5]. In 2007, 
it spread outside its usual geographic range for the 
first time, and caused an outbreak on Yap Island in 
the Federated States of Micronesia [4]. Most infected 
persons were asymptomatic or had a mild disease. 
Therefore, despite an attack rate of 73%, international 
authorities and the media paid little attention to this 
event.

However, this emergence of ZIKV outside Africa and 
Asia was a warning signal of its potential to spread to 
other Pacific islands and the Americas [5]. In 2013–14, 
the virus continued its geographical expansion and 
caused large outbreaks in the western Pacific region, 
including French Polynesia, New Caledonia, Easter 
Island, and the Cook Islands [6-9]. International con-
cern was raised when the virus was suspected to be 
associated with a 20-fold increase of Guillain-Barré 
syndrome (GBS) incidence in French Polynesia [10]. In 
2015, ZIKV reached the Americas. After ZIKV emerged 
in Brazil, an increase in suspected microcephaly cases 
and other fetal anomalies was observed and thought 
to be associated with ZIKV infection during pregnancy. 
This caused Brazil to declare Zika a public health emer-
gency of national importance in November 2015 [11].

In just three years, a virus considered benign turned 
into a major public health threat because of its impres-
sive capacity to spread out rapidly, the associated high 
attack rates and its ability to cause severe illness. In 
that context, the World Health Organization (WHO) 
encouraged countries at risk to be prepared for ZIKV 
emergence in terms of diagnosis, surveillance and 
vector control [12]. On 1 February 2016, following a 
meeting of its ‘International Health Regulations (2005) 
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Emergency Committee on Zika virus and observed 
increase in neurological disorders and neonatal mal-
formations’, WHO declared that the ZIKV epidemic, 
constitutes a Public Health Emergency of International 
Concern (PHEIC) [13].

Réunion, a French overseas administrated territory 
with 830,000 inhabitants located in the south-western 
Indian Ocean, faced a similar arbovirus threat in 2006–
07. A hardly known arbovirus called chikungunya virus, 
considered as benign at the time, emerged on the 
island and caused the largest epidemic ever described 
with an attack rate of 34% [14] and occurrence of unex-
pected severe forms, which led to a major health and 
social crisis. Ten years later, Réunion appears to offer 
conditions particularly favourable to emergence of 
ZIKV. Indeed, ZIKV circulation has never been docu-
mented in Réunion and therefore immunity may be very 
low, or even non-existent in the general population. 
The main vector for Zika virus is Aedes agypti, how-
ever, Ae. albopictus, abundant throughout the year in 
all inhabited areas of the island was also described as 
a competent vector of ZIKV [15,16]. Therefore, Réunion 
prepared for possible ZIKV emergence by implement-
ing a surveillance system in order to limit the risk of 
spread on the whole island. 

The aim of this paper is to describe the tools set up in 
Réunion in order to face a potential emergence of ZIKV 
within the next few months.

Overview of the surveillance and response 
system
Réunion benefits from a healthcare system similar to 
mainland France with more than 890 general practition-
ers and 80 paediatricians distributed throughout the 
island, 59 laboratories, three public and 56 private, as 
well as four hospitals and six emergency departments.

In November 2015, a specific surveillance system of 
ZIKV infections was implemented on Réunion by the 
regional unit (Cire OI) of the French national public 
health agency (Santé publique France) in collaboration 
with the French Health Agency Indian Ocean (ARS OI). 
It is based on current knowledge about ZIKV and past 
experience with chikungunya and dengue surveillance 
and control and follows the WHO recommendation [12]. 
We designed a scaled surveillance and response sys-
tem with specific objectives, methods and measures 
for various epidemiological phases including a poten-
tial epidemic (Figure 1).

The focus is on three surveillance objectives:

(i) To detect individual cases at any time, except during 
an outbreak;

(ii) To monitor the outbreak i.e. to follow trends in dis-
ease occurrence and document the health impact;

(iii) To detect and describe severe forms of the disease.

Detection of individual cases
The general organisation of the surveillance system 
implemented to detect all ZIKV cases is presented in 
Figure 2. Surveillance is based on the notification by 
the reference laboratory and health practitioners of 
any suspected and confirmed cases of ZIKV. 

A patient has to meet both clinical and epidemiological 
criteria to be considered as a suspected case:

(i) Clinical criteria: patient presenting with maculopap-
ular rash with or without fever AND at least two addi-
tional symptoms (conjunctivitis/arthralgia/myalgia);

(ii) Epidemiological criteria: travel in an area affected 
by ZIKV circulation within the two weeks preced-
ing clinical symptoms; any temporo-spatial cluster of 
patients meeting the clinical criteria. 

A probable case is a suspected case with presence of 
IgM antibody against Zika virus and an epidemiological 
link with any confirmed case. 

A confirmed case is a person with laboratory confirma-
tion of recent Zika virus infection i.e. positive reverse 
transcriptase (RT)-PCR in serum or other sample or 
positive seroneutralisation assay and exclusion of 
other flaviviruses.

The Regional and National Reference Laboratories for 
Arboviruses perform the laboratory diagnosis of Zika 
virus infection. It is based on the direct detection of 
viral genome by RT-PCR on serum from day 0 to 5 after 
symptom onset and on urine until day 15 after symptom 
onset. The detection of IgM and IgG anti-Zika on serum 
from day 5 after the onset of symptoms is complicated 
by the frequency of cross-reactions with other flavivi-
ruses such as dengue virus. The detection of antibod-
ies could be confirmed by seroneutralisation assay to 
determine the specificity of the detected antibodies. 
Suspected cases should also be tested for dengue and 
chikungunya as both these arboviruses could emerge 
or re-emerge in Réunion.

As soon as a case is notified, after a brief assess-
ment by the Cire OI, control measures are immediately 
implemented by the vector control team. They com-
prise the elimination of peri-domiciliary breeding sites 
of Aedes mosquitoes, spraying, health education, and 
active door-to-door case finding. Considering expected 
Ae. albopictus area of activity, such control measures 
are performed in a 100 m radius around the residence 
of the case (i.e. the expected radius of activity of the 
mosquito) and around any subsequent suspect cases 
identified during the case finding. They can also be 
implemented around the worksite, or any place where 
cases declared having spent time or been exposed to 
mosquitoes. An entomologic surveillance using house 
and Breteau indexes [17] is routinely performed through 
control of a random sample of almost 50,000 houses 
per year i.e. 15% of the total dwellings of the island. 
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In parallel, exercises are performed in order to check 
effectiveness of control measures on vector densities.

As this surveillance is based on detection of suspect 
cases by general practitioners (GPs), we undertook an 
information campaign in order to raise their awareness 
of ZIKV and its potential emergence. A document was 
delivered in person to all the GPs on the island, focus-
ing on the disease (clinical signs, transmission and 
laboratory diagnosis) and including an epidemiological 
report presenting the international situation, the risk 
for Réunion and recommendations on case detection. 
Updated versions of this document are sent by email 
and can be uploaded from the ARS webpage. We also 
organised numerous specific meetings with the medi-
cal staff of intensive care units as well as emergency, 
gynaecology, and infectious diseases departments. 

Furthermore, this information was relayed by the 
media in order to inform the general population, and 
especially travellers returning from an epidemic area. A 
poster was displayed at the airport, presenting symp-
toms associated with ZIKV infection and recommend-
ing people returning from an affected area to visit a 
doctor in case of any of these symptoms.

In case of laboratory confirmation of an autochtonous 
case, all GPs of the affected area(s) are immediately 
called by phone in order to enhance their vigilance and 
promptness of case notification.

When autochthonous transmission of ZIKV is identified 
on the island, the objective of surveillance remains the 
same i.e. to detect all the cases in order to implement 
individual control measures. The organisation of the 
surveillance systems and the control measures remain 
unchanged. However, in this instance, all inhabitants 

of Réunion meet the epidemiological criteria of the 
case definition and suspicion is based on clinical cri-
teria only.

Monitoring the outbreak
During the outbreak phase, laboratory confirmation 
of each individual case and implementation of control 
measures around each case are no longer efficient nor 
feasible. Therefore, surveillance shifts to a sentinel 
monitoring of trends in disease occurrence and the 
geographic spread, based on several complementary 
surveillance systems: (i) a network of sentinel general 
practitioners, (ii) online self-reported symptoms sur-
veillance, (iii) concern about Zika on social media, (iv) 
syndromic surveillance of emergency department con-
sultations, (v) mortality surveillance. Control measures 
are guided by epidemiological surveillance, with more 
vector control teams in the most affected areas in order 
to limit local transmission of the virus.

Sentinel practitioners network
On Réunion, a sentinel network, consisting of 50 GPs 
scattered across the island and representing 6.2% 
of the GPs on Réunion, is operational since 1996 and 
conducts surveillance of influenza, gastroenteritis and 
varicella [18]. On a weekly basis, they report the num-
ber of consultations for these syndromes.

This network can be rapidly mobilised to monitor other 
diseases with an epidemic potential, and has already 
shown its responsiveness and reliability for surveil-
lance during outbreaks of chikungunya in 2005–06 
[14], pandemic influenza A(H1N1) in 2009 [19], gastro-
enteritis in 2012 [20] and conjunctivitis in 2015 [21]. 
This network will be activated for the surveillance 
of suspected cases of ZIKV infections in case of an 

Figure 1
Objectives of Zika virus surveillance and response according to the epidemiological situation, Réunion, 2016
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outbreak in Réunion, and the total number of sympto-
matic ZIKV cases can be estimated on a weekly basis.

Online self-reported symptoms surveillance
The ARS OI implemented in April 2014 a web-based 
surveillance system called ‘Koman i lé’, that allows to 
follow perceived health among people who do not sys-
tematically visit their GP. Individual volunteers aged 
over 18 weekly fill in a short survey asking symptoms 
presented during the previous week. An indicator for 
ZIKV infection has been constructed based on clini-
cal criteria previously presented: rash with or without 
fever AND at least two additional symptoms (conjunc-
tivitis/arthralgia/myalgia). The total number and pro-
portion of participants reporting ZIKV symptoms can 
be monitored on a weekly basis, for the whole island 
and according to place of residence.

Concern about Zika virus on social media
Several studies suggest that social media could be 
useful to monitor epidemics of infectious diseases 
[22]. Sick people notably talk on Twitter about their 
health conditions, their feelings about the symptoms, 
and treatments they take to relieve the symptoms. In 
that context, a tool was developed to monitor tweets 
concerning Zika posted by Réunion dwellers. Tweets 
mentioning the keyword ‘Zika’ are collected using an 
R programme from the free Twitter public application 
programming interface (API), which allows individu-
als to request a feed of public tweets matching spe-
cific search criteria. Then, usernames are removed in 
order to anonymise the tweets. Duplicate tweets and 
retweets (tweets posted by one user and then for-
warded by another user) are removed. Then, the weekly 
number of tweets concerning Zika on the island can 
be obtained and monitored such as other surveillance 
indicators. Text mining can also be performed in order 
to explore qualitatively the concern of the population. 
The goal of this surveillance is to measure the concern 
of the population about Zika virus, which could be 
associated with the real incidence of the disease.

Emergency department consultations
Réunion has a syndromic surveillance system based 
on all four emergency departments (ED) of the island 
(Organisation de la surveillance coordonnée des 
urgences (OSCOUR) network). Data are collected each 
day directly from the patients’ computerised medical 
files that are filled in during medical consultations at 
the ED. Each morning, data are downloaded and ana-
lysed by an epidemiologist of the Cire OI. The diag-
noses are classified according to the 10th revision of 
the International Classification of Diseases (ICD-10) 
[23]. The risk of emergence of Zika virus was recently 
discussed with the staff of the four EDs of the island. 
In case of emergence, specific meetings will immedi-
ately be organised in order to increase awareness, and 
remind healthcare workers about the case definition 
and ICD-10 classification code for suspicion of ZIKV.

Zika virus-associated and all-cause mortality
In case of an outbreak, the total number and excess 
of deaths from all causes will be analysed on a weekly 
basis in order to detect a potential increase. This sys-
tem will be completed by analysis of all death certifi-
cates received by the regional public health authority 
that mention ‘Zika’.

Surveillance of severe cases
Based on current knowledge on severe forms poten-
tially associated with ZIKV infection [10,24], two spe-
cific systems were implemented: (i) surveillance of GBS 
and other neurological disorders and (ii) surveillance 
of microcephaly cases and other fetal anomalies, to 
monitor the number of cases, to describe the patients 
and their evolution, and to detect any emerging severe 
form of the disease. The observed number of cases will 
be compared with the expected number to determine 
whether a significant increase is observed.

All suspicions of severe cases will lead to laboratory 
investigations of serum and urine in order to docu-
ment ZIKV infection by RT-PCR, detection of antibod-
ies and seroneutralisation assay. RT-PCR will also be 
performed on cerebrospinal fluid for GBS and other 
neurological diseases, and on amniotic fluid and fetal 
tissues (in case of fetal loss) for fetal anomalies.

Surveillance of Guillain-Barré syndrome and other 
neurological forms
A specific surveillance system has been developed with 
hospital clinicians from departments likely to hospital-
ise such patients: adult and paediatric intensive care 
units, infectious diseases and neurology departments. 
All cases of GBS and other potential neurological com-
plications (meningo-encephalitis, myelitis, etc.) will be 
notified in real time to the Cire OI through a specific 
form. Collected data will include: socio-demographic 
information, comorbidities, type of neurological dis-
ease, symptoms of ZIKV infection during the previous 
weeks, laboratory results, length of hospitalisation 
and evolution. The number of expected GBS cases has 
been estimated using hospital databases. From 2010 

Figure 2
General organisation of the surveillance system to detect 
individual ZIKV cases, Réunion, 2016
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to 2014, the mean number of yearly reported cases 
was 17, the median was 20 and the median number of 
monthly cases ranged from 0 to 5 without variations 
between the rainy and the dry season.

Surveillance of microcephaly and other fetal anomalies
On Réunion, suspicions of microcephaly or other fetal 
anomaly detected by ultrasound are systematically 
referred to one of the two prenatal diagnostic centres 
of the island. All cases of microcephaly (head circumfer-
ence under three standard deviations expected for ges-
tation) and/or other brain anomaly potentially linked to 
ZIKV infection (i.e. in absence of another clearly identi-
fied aetiology) will be notified in real time to the Cire 
OI. Collected data will include: socio-demographic 
information, comorbidities, type of anomaly, symp-
toms of ZIKV infection during pregnancy, laboratory 
results and outcome of pregnancy. Data from the regis-
try of congenital anomalies will also be analysed on a 
monthly basis in order to detect any increase in micro-
cephaly or other congenital anomalies. The number of 
expected microcephaly has been estimated using the 
Eurocat website database [25]. From 2002 to 2012, 56 
microcephaly cases were reported on Réunion (aver-
age of 8 cases per year, i.e. 3.5 per 10,000 pregnan-
cies). According to those data, the number of expected 
microcephaly per year is five. As the database showed 
a non-significant increase of the reported cases in the 
most recent years, a new estimation was made using 
data from 2008 to 2012. According to the most recent 
reports, the number of expected microcephaly on 
Réunion is eight per year. 

Discussion
When ZIKV emerged in Brazil, modelling anticipated a 
significant international spread by travellers to the rest 
of the Americas, Europe, and Asia [26]. Spread in the 
Americas is ongoing [27], revealing the explosive pan-
demic potential of ZIKV. It can be expected that it will 
emerge soon in other areas of the world and notably in 
the Indian Ocean. Taking advantage of its unfortunate 
history of the CHIKV outbreak, Réunion prepared to 
face a ZIKV emergence within the next months. A sur-
veillance system was implemented to be able to detect 
the introduction of ZIKV at an early stage and to moni-
tor the spread and impact of the infections in order to 
guide the implementation of control measures.

Réunion belongs to a regional network for epidemio-
logical surveillance and health alert management 
coordinated by the Indian Ocean Commission, an inter-
governmental organisation including Madagascar, 
Comoros, Mauritius and Seychelles. All information 
regarding preparation for ZIKV emergence is shared 
as part of this network. In case of clinical suspicions 
in a member country, cooperation can be undertaken 
for epidemiological investigations and laboratory 
diagnostics.

Limitations
Although surveillance of ZIKV has been planned ahead 
and is based on solid experience and networks [18], 
some limits can be anticipated. The beginning of the 
outbreak phase can be demanding for surveillance, 
particularly when the number of cases cannot be 
counted anymore but needs to be estimated through 
GP consultations. Indeed, estimations can lack reliabil-
ity if the total number of cases remains limited. In such 
instance, additional GPs will be recruited temporarily in 
order to improve coverage of the sentinel network, as 
it was done in 2007 during the chikungunya outbreak. 
Indeed, some doctors do not want to enrol in the net-
work on long-term basis but volunteer for a temporary 
participation in case of a specific health event. Also, 
the suitability of data generated by monitoring Twitter 
is quite uncertain and will depend on the number of 
active users of this social network. Work is underway 
to extend surveillance to other tools more commonly 
used in Reunion Island, such as Facebook which is par-
ticularly popular. Mortality surveillance could lead to 
over-reporting in case of a large outbreak. The surveil-
lance indicator will be the number of death certificates 
mentioning the word ‘Zika’, rather than ‘death asso-
ciated with Zika’; and a clear communication will be 
essential in order to explain that not all deaths in those 
infected can be directly attributed to ZIKV infection.

Conclusions
A large outbreak could have severe effects on the 
healthcare system and public health infrastructure and 
would potentially affect general functions of society. 
Therefore, surveillance and control of ZIKV infections 
are being anticipated with emphasis on detecting the 
first cases in order to contain the spread of the virus 
as much as possible and try to avoid progress towards 
an epidemic. With this in mind, our two main strengths 
are:

(i) A powerful vector control team: following the chi-
kungunya outbreak, 150 staff have been employed and 
trained to fight against arboviruses. They also convey 
prevention messages and perform active case finding 
of suspect cases among a large perimeter around every 
confirmed cases. Considering the subclinical nature 
of the infection by ZIKV, this active door-to-door case 
finding is a major asset for early detection of spatio-
temporal clusters.

(ii) A close collaboration between clinicians, virolo-
gists, epidemiologists, entomologists and public 
health authorities. Indeed, the 2005–06 chikungunya 
epidemic led to a major health and social crisis in 
2006, and all the local health professionals are con-
scious of the threat and of the necessity to detect and 
report the first cases.

Our surveillance system could be relevant to Europe 
and island settings threatened by Zika virus all over 
the world. Recently we had the opportunity to test 
this surveillance system and to show its reactivity and 
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effectiveness. Early March, a traveller returned from 
Martinique on a Saturday morning with fever, rash and 
arthralgia. About one hour later, they were seen by a 
clinician who suspected ZIKV infection, initiated labora-
tory test for confirmation and immediately informed the 
ARS and the Cire OI. The first control measures around 
the patient could be undertaken without delay, includ-
ing confinement and individual protection against mos-
quito bites. During the following days, peri-domiciliary 
elimination of breeding sites and spraying was also 
performed. In April, a second imported case was also 
detected and confirmed very early. No secondary case 
was detected or reported despite an active research of 
symptomatic patients. The surveillance system, and 
notably information given to health professionals, 
allowed a timely detection of these cases, and the risk 
of dissemination was considerably decreased by imple-
mentation of immediate control measures. 
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