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In September 2010, two cases of autochthonous den- In metropolitan France, sporadic Ae. albopictus mos-
gue fever were diagnosed in metropolitan France for quitoes were first detected in Normandy in 1999 [11],
the first time. The cases occurring in Nice, south- but the mosquito is known to have been established
east France, where Aedes albopictus is established, since 2004 in south-east France [12]. Since 2006, and
are evidence of dengue virus circulation in this area. the widespread epidemic of chikungunya in Réunion
This local transmission of dengue calls for further which had posed an increased risk of importation of
enhanced surveillance, active case finding and vector cases, enhanced surveillance is implemented each
control measures to reduce the spread of the virus and year from May to November in the departments where
the risk of an epidemic. Ae. albopictus is established, as part of the national
plan against the spread of chikungunya and dengue
Dengue fever is the most important mosquito-borne viruses in metropolitan France [13]. Enhanced surveil-
viral disease in the world and is endemic in Africa, lance, compared with routine surveillance, allows
Asia, Caribbean and Latin America. According to the the reporting and confirmation of suspected cases to
World Health Organization, there are annually more be accelerated. The laboratory network surveillance
than 5o million cases and 22,000 deaths [1]. Dengue system, the most sensitive routine system in France,
fever is caused by viruses of the Flaviviridae family and detected around 350-400 imported dengue cases per
transmitted by mosquito vectors of the Aedes genus, year between 2006 and 2009 in metropolitan France
mainly Ae. aegypti and Ae. albopictus [2]. [14,15]. During the same four-year period, enhanced
surveillance reported a total of 33 imported dengue
In Europe, the last dengue epidemic was reported cases (including 11 cases in 2009). Between 1 May and
from 1927 to 1928 in Greece with high mortality and 17 September 2010 (i.e. the first 4.5 months of sur-
Ae. aegypti was implicated as the vector [3]. Since veillance), 120 imported cases of dengue have been
the 1970s, mainly through global trade of car tyres, reported by the enhanced surveillance system [16],
Ae. albopictus has become increasingly established which represents an 11-fold increase when compared
in European Union Member States, including France, with the entire 2009 season. This increase in imported
Greece, Italy, the Netherlands (though only in green- cases is mostly related to the ongoing epidemics in the
houses), Slovenia and Spain [4]. This mosquito species French West Indies, Martinique and Guadeloupe, since
is also established in neighbouring countries such as the beginning of 2010. Here we report on the two first
Albania, Bosnia and Herzegovina, Croatia, Monaco, cases of autochthonous dengue virus infection ever
Montenegro, San Marino, Switzerland and Vatican diagnosed in metropolitan France and the public health
City [2,5]. Imported cases of dengue fever in travellers measures subsequently implemented.
returning from countries where dengue is endemic or
where dengue epidemics are taking place have been Case 1
frequently reported in European countries in recent The first case was detected through the routine
years [6-10]. enhanced surveillance system. The patient was a man
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in his 60s, resident in Nice, Alpes-Maritimes depart-
ment, who developed fever, myalgia and asthenia on
23 August 2010. He was hospitalised on 27 August
2010, but his clinical condition remained stable. A tem-
porary thrombocytopenia with a minimal platelet count
of 48,000/pl (norm: 150,000-400,000) on day five
of the illness resolved without complications and he
recovered within a few days after disease onset.

Laboratory findings

A panel of sera obtained during the acute and recovery
phases on days five, seven, 11 and 25 of the illness was
investigated by serological tests (in-house MAC-ELISA
and direct 1gG ELISA) and real-time RT-PCR. Moreover,
a serum sample collected during a previous medical
examination in May 2010 was tested retrospectively.
Presence of IgM and IgG against dengue virus antigens
was documented in all samples except for the serum
sampled in May 2010. Antibody titration revealed sharp
increases in IgM titres from 1:800 to 1:12,800 and
in 1gG titres from 1:32,000 to »1:128,000 over the 25
days follow-up. Anti-dengue virus IgA (Assure Dengue
IgA rapid test, MP Biomedicals) were also detected on
days five and seven. The dengue NS1 antigenic test
(Dengue NS1 strip, Biorad) was positive on days five
and seven but negative on day 11, demonstrating the
active replication of a dengue virus during the symp-
tomatic period. RT-PCR for dengue virus was positive
on day five and negative thereafter. Molecular typing
identified a dengue virus serotype 1.

It is of interest to note that high levels of specific anti-
dengue IgG were detected during the acute phase of
disease. Our hypothesis is that these 1gG might result
from activation of memory B cells (original antigenic
sin) related to an ancient primary infection with a het-
erologous serotype of dengue virus. Seroneutralisation
tests will be informative on the immunological status
of the patient regarding a possible previous infection
with a dengue virus of another serotype. Virus isola-
tion and sequencing are also ongoing. No serum cross-
reactions were observed with tick-borne encephalitis
and West Nile viruses and no markers of chikungunya
virus infection were found (absence of IgM and 1gG
antibodies, negative RT-PCR). The patient had been
vaccinated against yellow fever 28 years ago.

Friends from the French West Indies had stayed with
him since April 2010. He had no recent history of inter-
national travel or blood transfusion. Consequently, the
patient was considered a confirmed autochthonous
case of dengue virus infection.

Control measures

This classification prompted an immediate reaction of
public health authorities to reduce the risk of further
spread of the virus. Various measures were undertaken
by health authorities as laid out in the national plan
against the spread of dengue in France (level 2 of the
plan) [13]: (i) 200 metres perifocal vector control activi-
ties centred on the case’s residence, including spraying

for adult mosquitoes and destruction of breeding
sites; (ii) active case finding in the neighbourhood of
the case’s residence and in other areas visited by the
case; (iii) providing information about dengue virus to
health professionals, including incitation for screening
suspected dengue cases and information to the public.
The active case finding conducted by physicians and
laboratories will be continued on a weekly basis up to
45 days after the onset of symptoms of the last autoch-
thonous case.

The routine laboratory network surveillance system
noticed that six recently imported confirmed den-
gue cases, including four with a RT-PCR positive for
dengue, had been detected in Nice between 24 July
and 23 August 2010. One of them had returned from
Martinique and lives about 200 metres from the auto-
chthonous case. This imported case was reported too
late to implement vector control measures which rou-
tinely follow imported viraemic dengue cases in those
departments where the vector is present, and could
therefore be a potential source of infection of local
Ae. albopictus. As of 24 September 2010, the active
case finding has detected nine new suspected autoch-
thonous cases of dengue fever in the neighbourhood
of the index case. In four of them, no markers of den-
gue virus infection were found (absence of IgM and IgG
antibodies, negative RT-PCR), results from epidemio-
logical and laboratory investigations for further four
patients are still pending. One case was confirmed to
be infected by dengue virus; the latter patient is the
second autochthonous dengue fever case ever diag-
nosed in metropolitan France.

Case 2

This second case is an 18 year-old man who had no
recent history of international travel. He lives approxi-
mately 70 metres from the first autochthonous case. He
developed fever, myalgia, headache and asthenia on 11
September 2010. He was hospitalised briefly because
of fever of unknown origin and thrombocytopenia with
a mild clinical disease. The thrombocytopenia (platelet
count 53,000/pL on day seven of the illness) was tem-
porary and moderate, and he has recovered fully.

Laboratory investigations

Laboratory tests conducted on an early serum sample
on day three of illness indicate negative serology for
IgG and IgM antibodies but strongly positive RT-PCR
for dengue virus. Molecular typing identified a dengue
virus serotype 1. The strain appears to be quite similar
to those which currently circulate in Martinique; more
detailed analyses are ongoing.

Discussion

The identification of two autochthonous cases of den-
gue fever which are clustered in space and time is
strongly suggestive that a local transmission of den-
gue virus is ongoing. Therefore level 3 of the national
plan against the spread of dengue virus has been acti-
vated [13]. It entails additional measures to those taken
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at level 2: (i) active case finding of autochthonous
cases in hospital emergency wards, at present in Nice
and surrounding towns, (ii) implementation of vector
control measures in hospitals, together with protec-
tion of potential viraemic patients against mosquito
bites using electric light traps, electric diffusers for
insecticides, and repellents, and vector control meas-
ures around the port and the international airport of
Nice including enhanced entomological surveillance,
and (iii) toxicovigilance related to the wide use of
insecticides.

Based on the currently available information, these
are the first confirmed cases of autochthonous trans-
mission of dengue fever in metropolitan France and
Europe, since the epidemic in Greece in the late 1920s
and apart from one nosocomial case of dengue infec-
tion reported from Germany in 2004 [17]. The event is
not entirely unexpected, as reflected in a specific pre-
paredness plan and taking into account the increase in
imported cases from the French West Indies and other
endemo-epidemic areas. It is known that France, as
well as other countries in Europe, has competent vec-
tors for transmitting this flavivirus. The chikungunya
outbreak in Italy that occurred in 2007, with over 300
cases reported, has shown that non-endemic arbo-
viruses can be efficiently transmitted in continental
Europe [18].

Whether the transmission of dengue virus in France fol-
lowed a bite from an infectious mosquito imported to
the area via airplanes or boats, or one already present
in the area after biting a viraemic person residing or
visiting Nice, remains to be determined. However, with
the second confirmed case, the latter scenario is the
most likely one. Therefore, taking into consideration
the longest possible incubation period for dengue
fever, 15 days, it can be considered that the conditions
for successful transmission of dengue virus to humans
existed in Nice during August 2010. To date, only
two autochthonous cases of dengue fever have been
detected in Nice, but the identification of new den-
gue cases in the near future cannot be excluded. The
enhanced surveillance and strict vector control meas-
ures are expected to limit the risk for further spread as
much as possible.

At this stage, the risk for further spread to humans in
Europe, as well as the possibility of the establishment
of dengue virus transmission in Nice or in neighbour-
ing areas in France, may appear limited but needs to
be closely monitored. Recent evidence demonstrates
that compared with Ae. aegypti, which has been impli-
cated in the majority of large dengue outbreaks world-
wide, Ae. albopictus is a less efficient vector of this
virus [2]. Nevertheless, it was involved in outbreaks
in Japan from 1942 to 1945 [19], the Seychelles in 1977
[20], Hawaii from 2001 to 2002 [21] and Réunion island
in 2004 [22]. Vertical transmission of dengue virus
from mosquitoes to their offspring does not seem very
efficient, and therefore overwintering of the virus in
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continental European Ae. albopictus populations is
unlikely [2] but cannot be excluded [23,24]. The public
health consequences of the presence of Ae. albopictus,
in this context, appear to be more important for the
transmission of chikungunya for example, for which
experimentally better competence has been demon-
strated, although the competence of local Ae. albopic-
tus for dengue virus is far from being negligible [25]. It
should also be noted, that the currently affected area
of France as well as other countries in Europe is faced
with a high number of imported dengue cases every
year. However, despite this and established mosquito
populations being potentially able to transmit arboviral
diseases, local transmission of the dengue virus with
Ae. albopictus as the vector in mainland Europe has
never been observed before this reported emergence
in the south-east of metropolitan France. The high
vector density in Nice and the increase in the number
of imported cases in this area in 2010, mainly due to
intense epidemics in the French West Indies, are two
major factors to explain this emergence and highlight
the need to maintain an appropriate active surveillance.

In terms of blood safety, reported dengue infection
following blood transfusion in dengue endemic areas
is rare [26-28] but is also difficult to detect as a large
proportion of the population would already have anti-
bodies against the virus. However, as dengue infection
is mild or asymptomatic in 40-80% of infected per-
sons, depending on the area and the epidemiological
context [29-31], it does pose a risk to blood safety. The
two identified cases in Nice are suggestive that other
infected persons may have lived in the city during the
same period of exposure, without showing any symp-
toms. Asymptomatic carriers of dengue virus could
pose a potential risk to blood safety if they donate
blood while being viraemic. It is possible however,
that the duration of viraemia in mild or asymptomatic
cases is shorter and the virus titre is lower than in
symptomatic persons, but this hypothesis is far from
proven. Moreover, the limited extend of current virus
dissemination, as shown by the actual clustering of
confirmed autochthonous cases, does not indicate
that such asymptomatic infections could have been
spread around the whole city of Nice. At present, it is
difficult to quantify this risk, and only a retrospective
survey of blood supplies from Nice between July and
September 2010 would allow to estimate it better. In
France, authorities in charge of blood routinely exclude
all febrile donors from donation. No additional exclu-
sion measures have been implemented after the two
neighbouring cases as the risk for dengue transmis-
sion has been considered very low.

Further investigations to identify the likely source of
exposure of the two cases, as well as extensive compar-
ison of the dengue virus genotypes between the locally
identified viruses and the strains currently circulating
in the French West Indies, will hopefully allow a bet-
ter understanding of this event. The reactive surveil-
lance in addition to the routine enhanced surveillance



is likely to identify new symptomatic cases in the area,
determining also the potential geographic extension
of the risk. Finally, better understanding is needed on
how the vector abundance, activity and competence of
Ae. albopictus for dengue transmission influence the
risk for further transmission in the region [25,32].

Conclusion

The current clustering of cases of locally transmit-
ted dengue fever in Nice is a significant public health
event, but is not unexpected and more cases can be
predicted. Such transmission was anticipated by the
development of a national plan. Although this plan
should be adjusted in the light of this experience, this
event shows the advantage of such preparedness in
order to implement rapid and proportionate measures
of surveillance and control. Previous events, includ-
ing a mosquito-borne arbovirus outbreak in Italy, the
occurrence of vector-borne diseases around airports
and other ports of entry and a previous risk assess-
ment on dengue virus introduction in European Union
countries [4] indicate that autochthonous transmis-
sion in continental Europe is possible, as confirmed by
the present event. However, according to the available
epidemiological information, the risk for establish-
ment of dengue transmission in south-eastern France
or further spread in Europe currently appears limited.
Further data available in the near future will allow us to
re-assess this likelihood.
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