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Surveillance and outbreak report
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In August and September 2015, seven locally acquired 
cases of dengue virus type 1 (DENV-1) were detected 
in Nîmes, south of France, where Aedes albopictus 
has been established since 2011. Epidemiological and 
entomological investigations allowed to steer vector 
control measures to contain transmission. An imported 
case from French Polynesia with onset fever on 4 July 
was identified as primary case. This outbreak occurred 
from 8 August to 11 September in a 300 m radius area. 
Six sprayings to control mosquitos were performed in 
the affected area. We describe the first considerable 
dengue outbreak in mainland France where only spo-
radic cases of autochthonous dengue were recorded 
previously (2010, 2013 and 2014). The 69 day-period 
between the primary case and the last autochthonous 
case suggests multiple episodes of mosquito infec-
tions. The absence of notification of autochthonous 
cases during the month following the primary case’s 
symptoms onset could be explained by the occurrence 
of inapparent illness. Recurrence of cases every year 
since 2013, the size of the 2015 outbreak and continu-
ing expansion of areas with presence of Ae. albopictus 
highlight the threat of arboviral diseases in parts of 
Europe. Thus, European guidelines should be assessed 
and adjusted to the current context.

Background
Dengue viruses are usually transmitted in tropical 
areas by Aedes mosquitoes, primarily by Aedes aegypti 
and secondarily by Ae. albopictus [1]. In the European 
Basin, autochthonous transmission of dengue was not 
recorded from 1945 to 2010 mainly due to the disap-
pearance of Ae. aegypti after the 1950s. The introduc-
tion of Ae. aegypti in 2005 in Madeira facilitated the 

occurrence of a large outbreak with more than 2,000 
cases on the island in the Atlantic Ocean, in 2012 [2,3]. 
During the last four decades, Ae. albopictus has been 
reported in 20 European countries, mainly located 
in the Mediterranean basin [4]. Sporadic cases and 
pairs of cases of local dengue transmission have been 
reported in France in 2010, 2013 and 2014 [5-7]. In 
Croatia, an outbreak of dengue occurred in 2010 with 
laboratory evidence of recent infection in 17 people [8].

Following the establishment of Ae. albopictus in France 
in 2004, and given its potential as a vector of the 
dengue (DENV) and chikungunya (CHIKV) viruses, a 
national preparedness and response plan to prevent 
and control local transmission of chikungunya and den-
gue in mainland France was put in place in 2006 and 
has been updated every year since then [9]. It includes 
monitoring the geographical distribution of Ae. albop-
ictus during the period of vector activity from May to 
November, and enhancing human surveillance – based 
on notification of suspected imported cases of dengue 
and/or chikungunya, and of confirmed autochthonous 
cases – in the districts where the vector is established.

The alert
On the 14 August 2015, two autochthonous cases of 
dengue were notified by the laboratory of virology 
of Nîmes University Hospital to the regional health 
authorities of Languedoc-Roussillon, an administra-
tive region in the south of France. Real-time reverse 
transcriptase polymerisation chain reaction (RT-PCR) 
performed on samples taken 6 days after the onset of 
symptoms showed that both cases were positive for 
DENV. The two patients were around 20 years old and 
lived in the same house on the outskirts of Nîmes, in 
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the Gard administrative district (a subdivision of the 
administrative region of Languedoc-Roussillon). On 8 
August 2015, they both developed a sudden high-grade 
fever (> 38.5 °C) with headache, retro-orbital pain, myal-
gia, rash and asthenia. They had no travel history to 
dengue endemic or epidemic areas. Both were hospi-
talised from 13 to 17 August 2015. The French National 
Reference Centre (NRC) for arboviruses in Marseille, 
confirmed the diagnosis of dengue on 19 August by 
real-time RT-PCR, and characterised the virus serotype 
as DENV-1.

In line with the guidelines set down in the national pre-
paredness and response plan, immediate epidemiolog-
ical and entomological investigations were performed 
in order to contain transmission.

Methods

Epidemiological investigations
Imported dengue cases previously recorded in the sur-
veillance database were retrospectively analysed to 
identify a potential primary case. All imported dengue 
cases identified during the 2015 season in Languedoc-
Roussillon living near or visiting the same places where 
the two autochthonous cases lived, were listed.

For the investigation, the following case definitions 
of autochthonous dengue were applied. In the Gard 
administrative district as of 1 July 2015:

•	 A suspected case was defined by a sudden high-
grade fever (> 38.5 °C) associated with one of the 
following clinical signs (headache, myalgia, arthral-
gia, lower back pain, retro-orbital pain) which could 
not be explained by another medical condition, in a 
person with no history of travel to dengue endemic 
or epidemic areas in the 15 days before the onset of 
symptoms.

•	 A probable case was defined as a suspected case 
with an epidemiological link to a confirmed case 
(i.e. living in the same household as a confirmed 
imported or autochthonous case).

•	 A confirmed case was defined as a suspected case 
with positive laboratory tests (real-time RT-PCR 
or positive serology for IgM and IgG antibodies to 
DENV) performed by the NRC.

Active case finding was implemented on 20 August 
2015 and included (i) door-to-door surveys in a 200 m 
radius around the index cases’ residence, with neigh-
bours being interviewed about any episodes of high 
temperature they may have had since 1 July, (ii) pro-
viding information and instruction to physicians and 
laboratories so that they could notify all suspected 
cases of dengue (imported and autochthonous) and 
(iii) phone calls to the 22 general practitioners working 
in a 1.5 km radius around the index cases’ residence. 

Health authorities and epidemiologists interviewed all 
suspected, probable and confirmed dengue cases.
For each new suspected case identified, blood sam-
ples were collected for analysis by the NRC. Real-time 
RT-PCR was performed on samples collected within 7 
days after symptoms onset. Serology was performed 
when samples were collected more than 5 days after 
the onset of symptoms.

Entomological investigation and vector control 
measures
Entomological investigations were performed to guide 
vector control measures. Interviews focused on cases’ 
(probable and confirmed) movements during their 
viraemic period (1 day before and 7 days after symp-
toms onset), including home, workplace, work-related 
travel, visits to friends and family and medical con-
sultations. Control measures included the search for 
and elimination of possible larval breeding sites (by 
emptying water from containers or by using Bti), and 
ultra-low-volume spraying of deltamethrin (Cerathrine 
and Aqua K-Othrine 2 and 1g of active substance ha-1, 
respectively) in locations frequented by the cases dur-
ing their viraemia when Ae. albopictus was found.

During the door-to-door survey, entomological data 
were also collected to estimate the number of possi-
ble breeding sites, larvae and imagos of Ae. albopictus. 
The house index, usually used to describe Stegomyia 
mosquito infestation of a city or district, was calcu-
lated. This index is the percentage of visited houses 
with at least one breeding site with larvae [10]. Due 
to lack of time, we did not calculate other indices, 
for example the Breteau index (the number of larvae-
positive containers per 100 houses) or the container 
index (percentage of larvae-positive containers per 100 
water-holding containers).

To assess DENV prevalence in the mosquito population 
in the area of autochthonous cases, a field survey with 
BG-Sentinel traps (with and without dry ice) was car-
ried out twice. The first survey consisted of six traps 
positioned in the neighbourhood of autochthonous 
cases. The second survey covered a wider area (56.8 
ha) and had 20 traps placed along the borders of the 
outbreak area. BG-traps were examined daily before 
and after deltamethrin treatment. Mosquito samples 
were transported in dry ice to the Maladies infectieuses 
et vecteurs: ecologie, génétique, evolution et contrôle 
(MIVEGEC) laboratory in Montpellier to be identified on 
a chill table and were stored at -80 °C to optimise the 
detection of RNA viruses. Ae. albopictus females were 
pooled in same day/location samples. Samples were 
then sent to the NRC to proceed with RNA extraction 
and qRT-PCR to detect possible DENV.
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Results

Epidemiological investigations

Primary case
A dengue case imported from French Polynesia was 
identified in the surveillance database. The patient had 
developed sudden high fever with a headache, asthe-
nia and diarrhoea on 4 July 2015, 5 days after returning 
from French Polynesia. The diagnosis was confirmed 
by real-time RT-PCR by the NRC and DENV-1 was identi-
fied. The case was notified to authorities on 14 July. 
Entomological investigations were performed and vec-
tor control measures subsequently implemented in the 
areas where the patient declared he had stayed during 
the viraemic phase from 3 to 11 July. The patient was 
interviewed once again in August after the identifica-
tion of the two autochthonous cases. In this interview 
he also recalled that he had visited friends living in the 

outbreak neighbourhood during the viraemic phase. 
As he had not mentioned this location in his first 
interview, no vector control measures had been imple-
mented in this neighbourhood in July.

Active case finding
Six suspected cases were identified through door-to-
door surveys on 20 August. Of these, two agreed to pro-
vide a blood sample for virological investigations: one 
was positive following real-time RT-PCR, the other was 
negative. Among the four people who did not agree to 
provide a blood sample – for time and/or for personal 
reasons – one was classified as a probable case as he 
resided in the same household as a confirmed case 
(Table 1). After door-to-door surveys, three additional 
cases were confirmed by the NRC among suspected 
autochthonous cases notified by health professionals.

Figure 1
Timeline of symptoms onset for imported and autochthonous cases of dengue and epidemiological features, Nîmes, France, 
July–September 2015 (n = 8)
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Figure 2
Spatial distribution of imported and autochthonous cases of dengue and vector control measures implemented, Nîmes, 
France, July–September (n=8)
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In total, seven autochthonous dengue cases where 
identified, six of whom were confirmed while one was 
probable (Table 1). Fever started from 8 August to 18 
August for six cases, including the probable case, 
and on 11 September for one of the confirmed cases 
(Figure 1). All cases lived within a 300 m radius of the 
residence of the two index cases (Figure 2). The DENV-1 
strain was identified for all five cases confirmed by 
real-time RT-PCR. The sex ratio was 1:1, the average 
age was 38 years old (mean: 38.6 years; range: 16-65). 
Clinical signs observed were a fever higher than 38.5 °C 
(8/8), headache (8/8), rash (5/8), retro-orbital pain 
(4/8), myalgia (4/8) and digestive disorders (5/8).

Entomological investigation and vector control 
measures
It is believed that the area where the cases were living 
has been colonised by Ae. albopictus since 2011, as it 
is located close to the places where Ae. albopictus pop-
ulations were first detected in the city of Nîmes in that 
same year. The area, composed of small- and medium-
sized houses with often interconnected gardens, and 
harboring many small breeding sites and rainwater col-
lectors, is highly suited to the Ae. albopictus.

After interviewing cases on their movements during 
the viraemic phase, investigations were undertaken in 
23 different sites in seven towns. The presence of vec-
tors (larvae and/or imagos) was detected in 19 of these 
sites including the outbreak area.

Between 18 August and 12 October 2015, six mosquito 
control operations (spraying) were performed in the 
outbreak area (Figure 2). The first operation was per-
formed in a 150 m radius around the residence of the 
two index cases. The spraying area was gradually 

expanded as new cases emerged. Sprayed surface 
areas ranged from 6.5 ha for the first operation, up to 
52 ha for the final sixth operation. The first and sec-
ond operations included houses of four cases. The 
other four operations included residences of all iden-
tified cases. In all cases except one, clinical signs 
occurred before or on the same day as the first vector 
control operations. For that one case clinical symptoms 
appeared after the third operation (Figure 1).

Investigations in other locations led to 18 mosquito 
control operations with chemical spraying. The average 
treated surface for each location was 5.7 ha.

During the door-to-door entomological investigation 
performed on 20 August, 91 houses were visited and 
186 houses were not (151 absences and 35 refusals). 
A high abundance of Ae. albopictus at adult and larval 
stages was noted. The house index was 42% (38/91), 
and 20% (18/91) of houses were positive for imagos 
i.e. presence of at least one adult. The first survey to 
estimate the prevalence of dengue among mosquitoes 
lasted 24 hours and took place on 27 August, the day 
before the second control operation. The second sur-
vey lasted from 7 to 11 September, two days before and 
two days after the third control operation. We trapped 
81 and 1,012 (219 males and 793 females) Ae. albopic-
tus, respectively, in the two surveys. The presence of 
DENV was not detected in any of the 71 analysed pools 
of Ae. albopictus.

Discussion
Between 8 August and 11 September 2015, seven 
autochthonous cases of dengue were identified in the 
outskirts of Nîmes, a city of ca 150,000 inhabitants [11]. 
The outbreak, occurred within a 300 m radius around 

Table 1
Final classification and laboratory results of dengue cases, Nîmes, France, July-September 2015 (n=8)

Case number Classification Date of 
symptoms onset

Sampling time 
after onset 

(days)

Serological tests for 
dengue

Real-time 
RT-PCR Serotype Ct value 

IgM IgG
Imported = primary case
0 Confirmed 4 July 2015 3 ND ND Pos DENV-1 24,09
Authochtonous case
1a Confirmed 8 Aug 2015 6 Pos Neg Pos DENV-1 24,09
2a Confirmed 8 Aug 2015 6 Pos Neg Pos DENV-1 33,47
3 Confirmed 13 Aug 2015 3 ND ND Pos DENV-1 20,77
4 Confirmed 18 Aug 2015 6 Pos Pos Pos DENV-1 36,39
5 Confirmedb 8 Aug 2015 9 Pos Neg ND ND ND
6 Probable 12 Aug 2015 ND ND ND ND ND ND
7 Confirmed 11 Sep 2015 1 ND ND Pos DENV-1 15,52

Ct: cycle threshold; DENV: dengue virus; ND: Not done; Neg: negative; Pos: positive; RT: reverse-transcriptase.
aIndex case.
bIncrease of IgM and occurrence of IgG on a second sample performed 15 days after the first sample (antibodies seroconversion).
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the residence of an imported case, and the virus prob-
ably circulated for 3 months.

To date, this has been the largest dengue outbreak 
reported in mainland France, where only sporadic 
cases of autochthonous dengue had been reported 
previously [5-7]. The imported case who tested posi-
tive for DENV in July 2015 had returned from French 
Polynesia and often spent time in the affected district, 
especially during the viraemic phase. Identification of 
autochthonous cases of DENV-1 and the absence of 
other imported cases in the area are two strong argu-
ments that this patient was indeed the primary case. 
The outbreak occurred in spite of the fact that the 
number of imported dengue cases was relatively low 
in 2015. Indeed, 12 imported dengue cases, with five 
in the Gard administrative district, were recorded in 
Languedoc-Roussillon region (which includes Gard) 
between 1 May and 30 November 2015, compared with 
32 in 2013 and 24 in 2014 [12].

The outbreak area is quite a densely populated resi-
dential zone (55 persons per ha) with ca1,100 persons 
living in a habitat highly suited to Ae. albopictus [13]. 
Colonised by the vector for at least four years, vector 
density in the zone is high [14]. The episode investi-
gated here follows a previous outbreak of chikungunya, 
which is transmitted by the same vector, in Montpellier 
city, in the Languedoc-Roussillon region in 2014. This 
confirms the threat of arboviral diseases transmitted 
by Ae. albopictus in the Mediterranean region [15].

Vector control measures (i.e. spraying with deltame-
thrin) had previously been implemented in the areas 
which the primary case mentioned he had visited and 
no local transmission of the virus was subsequently 
detected. However, forgetting to mention just one place 
in his initial interview was enough for the occurrence 
of autochthonous transmission in August 2015. This 
kind of monitoring failure, which is difficult to prevent 
and which will most likely happen again, highlights 
the importance of tracking data of the movements of 
imported cases. On the other hand, all but one case 
were infected before vector control measures started. 
The last case, which occurred after all six vector con-
trol operations had been implemented, was located on 
the margins of the treated area. Additional treatment 
was consequently implemented and no other case was 
later identified. Vector control measures were applied 
over a 150 m radius around the index cases’ resi-
dence, in accordance with French national guidelines. 
However, three autochthonous cases and the imported 
case were located beyond this perimeter. Further work 
should focus on evaluating the effectiveness of con-
trol treatments, and whether control treatment areas 
should be widened.

Results for DENV detection in mosquitoes were nega-
tive. It must be noted, however, that most mosquito-
trapping interventions were carried out after the 
first three mosquito control operations and over the 

whole investigated area. Recent studies on dengue 
transmission by Ae. aegypti [16] show a clear correla-
tion between spatial proximity to dengue cases and 
infected mosquitoes. Therefore, all trapping interven-
tions which aim to screen viruses in vectors should 
be focused on the immediate vicinity of cases and be 
implemented as precociously as possible. Considering 
an average life expectancy of 30 days for female Ae. 
albopictus, the 69 day-period between onset of symp-
toms in the primary case and the last autochthonous 
case suggests that several generations of mosquitoes 
were infected [17,18]. Furthermore, the absence of noti-
fication of autochthonous cases during the month fol-
lowing the onset of symptoms in the primary case could 
be explained by the occurrence of inapparent illness 
(ca 75% of cases in endemic territories) which may play 
an important role in the transmission chain [19,20]. In 
addition, we cannot exclude the possibility that symp-
tomatic or pauci-symptomatic infections were not 
detected by the surveillance system. Serological inves-
tigation by public health services might lead to greater 
understanding and documentation of the dynamics of 
dengue transmission in Mediterranean urban contexts.

Conclusion
The epidemiology of arboviral diseases depends on 
multiple factors including environmental, behavioural 
and individual risk factors, as well as the effectiveness 
of vector control measures. Since its implementation in 
2006, the French national preparedness and response 
plan to prevent and control local transmission of chi-
kungunya and dengue has led to the detection and con-
tainment of several episodes of local transmission of 
dengue and chikungunya in the country. In the context 
of the continuing expansion of Ae. albopictus through-
out parts of Europe, autochthonous cases of dengue 
are detected every year since 2013 with a larger out-
break in 2015 in France and an outbreak of chikungu-
nya occurred in France in 2014 [15]. At a time when Zika 
virus is spreading in several countries in Central and 
South America, all highlight the growing risk of arbo-
viral diseases transmitted by Aedes mosquitoes where 
this vector is established. New guidelines to prevent 
the spread of arboviral diseases in Europe should be 
developed and regularly assessed and adjusted to this 
evolving context. Health authorities need to continue 
and reinforce provision of information to the general 
population and travellers and to raise their awareness 
for the transmission and prevention of arboviral dis-
eases in regions where the vector is established.
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