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Tularaemia has been mandatorily notifiable in France 
since October 2002. The surveillance aims to detect 
early any infection possibly due to bioterrorism and 
to follow up disease trends. We report the results of 
national surveillance from 2002 to 2012. A case is 
defined as a patient with clinical presentation sug-
gestive of tularaemia and biological confirmation of 
infection or an epidemiological link with a biologically 
confirmed case. Clinical, biological and epidemiologi-
cal data are collected using a standardised notifica-
tion form. From 2002 to 2012, 433 cases were notified, 
with a median age of 49 years (range 2 to 95 years) 
and a male–female sex ratio of 1.8. Most frequent clin-
ical presentations were glandular tularaemia (n=200; 
46%) and ulceroglandular tularaemia (n=113; 26%). 
Most frequent at-risk exposures were handling hares 
(n=179; 41%) and outdoor leisure exposure to dust 
aerosols (n=217; 50%). Tick bites were reported by 82 
patients (19%). Ten clusters (39 cases) were detected 
over the 10-year period, as well as a national outbreak 
during winter 2007/2008. The tularaemia surveillance 
system is able to detect small clusters as well as major 
outbreaks. Surveillance data show exposure to dust 
aerosols during outdoor leisure activities to be a major 
source of contamination in France. 

Introduction
Tularaemia is a disease caused by the bacterium 
Francisella tularensis, presenting with various clinical 
patterns. Infection due to F. tularensis subspecies hol-
arctica encountered in Europe is usually relatively mild 
and less severe than the infection due to F. tularensis 
subspecies tularensis present in North America [1]. The 
clinical presentation is directly related to the route 
of infection, with local symptoms at the bacterium’s 
point of entry. The most frequent presentation is an 
ulcer following the inoculation of the germ, associated 
with local adenopathy, or an isolated increased lymph 
node when the inoculation lesion goes unnoticed. In 
case of inhalation of the bacterium, pneumonia can 
occur with increased lymph nodes in the mediastina. 
Oropharyngeal tularaemia associated with swollen 
ear, nose and throat lymph nodes develops after the 
ingestion of the bacterium, and oculoglandular tularae-
mia when eyelids and other periorbital structures are 

infected, usually through aerosols or contact with fin-
gers carrying the bacterium.

A wide range of animals, encompassing arthropods, 
birds, rodents, lagomorphs, carnivores and ruminants, 
can carry Francisella, but a definitive reservoir has 
not been identified [2]. It is likely that different epide-
miological cycles exist in different environmental set-
tings, suggesting that the primary reservoir may vary 
between cycles [3]. Not all animals play a significant 
role in the transmission of the bacterium to humans. 
In France, the disease has long been known to occur in 
people who skin hares, and has sometimes been called 
hunters’ wives’ disease [4,5].

F. tularensis subspecies tularensis is considered world-
wide to be a potentially weaponisable bacterium, 
and tularaemia fulfils the criteria for surveillance in 
the community in the event of deliberate release [6]. 
Epidemiological surveillance of human tularaemia was 
implemented in France in October 2002 as part of the 
national preparedness plan against bioterrorism. The 
surveillance is carried out by mandatory notification 
and by the analysis of strains and biological samples 
from patients by the national reference centre for F. 
tularensis (University Hospital of Grenoble, France). 
Besides detection of cases due to deliberate release 
of Francisella, the surveillance provides a precise 
description of cases diagnosed in France in a natural 
non-bioterrorist context. The purpose of this article is 
to present the results of national surveillance from 1 
October 2002 to 31 December 2012.

Methods
In France, attending physicians and microbiologists 
must notify all cases of tularaemia to the regional 
health agencies using the standardised notification 
form. A case of tularaemia is defined as a patient pre-
senting with clinical signs and symptoms suggestive 
of tularaemia; for a confirmed case, a positive PCR or 
the isolation of F. tularensis in a biological sample, or a 
seroconversion or four-fold increase of serological titre 
demonstrated on two samples taken with a minimum 
interval of two weeks; and for a probable case, a single 
elevated serological titre [7].
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Figure 1
Classification of cases according to the most likely source or circumstance of infection, tularaemia cases notified in France, 
2002–2012 (n=433)
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The notification form used for the surveillance encom-
passes clinical details, diagnosis features and at-risk 
exposures during the month before symptom onset. 
Clinical presentations are determined according to 
reported symptoms [8]. If no at-risk exposure is men-
tioned on the form, a trawling questionnaire is com-
pleted with the attending physician and the patient to 
rule out a possible non-natural contamination. When 
the diagnosis is obtained by the identification of a 
bacterial strain, the subspecies is determined by the 
national reference laboratory by PCR amplification and 
sequencing of the 16S rRNA gene and the intergenic 
spacer region [9].

We attempted to attribute a most likely origin of con-
tamination to each of the notified cases. We defined 
as at-risk exposures tick and mosquito bites received 
in Europe, direct contact with animals (including hares, 
rodents, wild rabbits, ruminants and crayfish), occupa-
tional exposure to animals or to an environment possi-
bly contaminated by animals, outdoor activity exposure 
to dust or soil aerosols in areas where reservoir animals 
are present. More specifically in France, the handling, 
skinning or evisceration of hares have been known for 
years as a frequent cause of contamination [4]. By con-
trast, this exposure is rare in the general population, 
and rarer than tick bites, occupational exposure or out-
door activities. If a patient reported only one at-risk 
exposure, we attributed her or his most likely origin of 
contamination to this exposure. For patients reporting 
several at-risk exposures as defined above, we consid-
ered that the probability of an at-risk exposure being 
the source of contamination was inversely proportional 
to its frequency in the general population. For patients 
with several at-risk exposures, we attributed the most 
likely origin of contamination according to the follow-
ing scheme (Figure 1):

•	 any patient infected with F. tularensis who reported 
direct contact with hares during the exposure 
period would have been infected through this 
exposure;

•	 a reported tick bite during the exposure period 
would be the contamination route of any patient 
unless the patient also reported direct contact with 
hares;

•	 an at-risk occupation during the exposure period 
would be the circumstance of contamination 
unless the patient also reported a direct contact 
with hares or a tick bite;

•	 leisure activities resulting in exposure to aerosols or 
dust in the forest during the at-risk period would 
be the circumstance of contamination unless the 
patient reported direct contact with hares, or a tick 
bite or an occupational exposure.

In the surveillance system, clusters of tularaemia 
cases are defined as more than one case reported in 
a single household or two or more cases in the same 
social circle, or as three or more cases in the same dis-
trict within a 30-day period. Districts are administra-
tive geographical areas, of which France has more than 
100, including overseas territories, with populations 
ranging from 77,000 inhabitants to 2.5 million. All clus-
ters are investigated using the trawling questionnaire.

All variables included in the notification form were 
computed using Voozanoo (EpiConcept, Paris, France) 
and analysed with Stata 11 (Stata Corporation, College 
Station, Texas, USA). Variables were compared using 
Pearson’s chi-squared test or Student’s t-test.

Surveillance data collection has been approved by 
the national ethics committee (CNIL), according to the 
French regulation on medical confidentiality.

Figure 2
Number of sporadic and non-sporadic cases of tularaemia notified in France by year of notification, 2002–2012 (n=433)
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Results

Demographic data and seasonality
From 1 October 2002 to 31 December 2012, 433 cases of 
tularaemia were identified in France, making an annual 
mean incidence of 0.07 cases per 100,000 inhabitants 
(range 0.01–0.16). Of these, 395 (91%) were sporadic 
cases and 39 (9%) were notified as part of 10 clusters 
(see below) (Figure 2).

The global trend in the number of sporadic cases sug-
gests a progressive increase in the number of notifi-
cations since surveillance began, except during winter 
2007/2008, when a short sudden peak of cases was 
recorded (Figure 2). The peak of cases during winter 
2007/2008 occurred simultaneously with an outbreak 
of tularaemia in hares and has been described else-
where [10].

More cases had their onset of symptoms during autumn 
(September/October/November; n=135; 31%) and win-
ter (December/January/February; n=123; 28%).

Cases were notified in all French regions except Corsica 
(Figure 3). The highest incidences each year were 
recorded in Poitou-Charentes (mean 0.32/year/100,000 
inhabitants), and Alsace (mean 0.17/year/100,000).

The male–female sex ratio was 1.8, and the mean age 
of cases was 49 years (SD=17, range 2 to 95 years).

Clinical presentation
The most frequent clinical presentations were glan-
dular (n=200; 46%) and ulceroglandular tularaemia 
(n=113; 26%). Typhoidal tularaemia (n=45, 10%), 
pneumonic (n=42; 10%), oropharyngeal (n=25; 6%) 

Figure 3
Incidence of tularemia by region of residence of the cases, France 2002-2012
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and oculoglandular tularaemia (n=8; 2%) were less 
common. Information about the localisation of the 
lymphadenopathy was available for 210 of 313 (67%) 
patients presenting with glandular or ulceroglandular 
tularaemia. The adenopathy concerned armpit lymph 
nodes (LN) in 118 of 210 cases (56%), inguinal LN in 56 
(27%), LN of the ear, nose and throat (ENT) area in 26 
(12%), epicondylar LN in 26 (12%), mediastinal LN in 9 
(4%) and popliteal LN in 5 (2%).

During the 10 years of surveillance, three patients with 
neurological presentations were notified. The first was 
a 66 year-old man who presented with encephalitis and 
a positive blood culture demonstrating Francisella. He 
had eaten a terrine made from hare meat a few days 
before the onset of disease; the remains of the terrine 
were found to be positive for Francisella on PCR. The 
second patient, a man aged 48 years, was admitted 
to an intensive care unit (ICU) with sudden brainstem 
encephalitis encompassing tetraplegia. Serology dem-
onstrated a seroconversion for Francisella during his 
hospital stay. No other infectious agent that could be 
responsible for brainstem encephalitis was diagnosed. 
The patient had been bitten by a tick a few days before 
illness onset. The third patient was a man in his sixties 
with a history of pancreatic cancer and diabetes. He 
presented with pneumonia and encephalitis on admis-
sion, and a strain of Francisella was isolated from a cer-
ebrospinal fluid (CSF) sample.

Other infrequent presentations were erythema nodo-
sum in three patients, and a lobar pneumonia follow-
ing a near-drowning in a patient who demonstrated a 
positive blood culture a few days after the drowning.

A total of 188 (43%) patients required hospitalisation. 
At the time of notification, the evolution was consid-
ered favourable for 211 cases (49%), the disease was 
still ongoing for 200 (46%), 20 presented with compli-
cations, and two patients had died. The complications 
were LN abscess in 15 cases (75%), pulmonary abscess 
in one case, palpebral abscess in one case, erysipelas 
in one case, parotiditis in one case and labyrinthi-
tis in one case. The two deaths occurred in two male 
patients aged in their eighties and nineties. The first 
patient had a chronic history of severe cardiac arrhyth-
mia and presented with pneumonic tularaemia with 
positive blood culture. The second patient presented 
at first with fever and had a positive blood culture of 
an unidentified bacterium initially assumed to be due 
to laboratory contamination. By the time the isolated 
bacterium was properly identified as Francisella, the 
patient had developed pneumonia and later presented 
with acute respiratory distress syndrome and septic 
shock.

Laboratory diagnosis
Of the 433 tularaemia cases, 130 (30%) were confirmed 
cases and 303 (70%) were probable cases (Figure 3). 
Of the 130 confirmed cases, 30 (23%) cases were diag-
nosed by isolation of a strain of Francisella, 75 (58%) 
by PCR, 14 (11%) by both isolation and PCR, and 11 (8%) 
by seroconversion. The 44 strains isolated all belonged 
to F. tularensis subspecies holarctica and were isolated 
from blood (n=19; 43%), abscess puncture (n=4; 9%), 
LN biopsy (n=8; 18%), skin biopsy (n=8; 18%), con-
junctival swab (n=2; 5%), CSF (n=1; 2%) and undeter-
mined samples (n=2; 5%). The 89 positive PCR were 
obtained from LN (n=67; 75%), skin biopsy (n=7; 8%), 

Figure 4
Diagnosis evidence of tularaemia infections notified in France, 2002–2012 (n=433)
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pharyngeal swabs (n=5; 6%), whole blood sample 
(n=2; 2%), abscess pus (n=2; 2%), serum sample (n=1; 
1%), conjunctival swab (n=1; 1%) and undetermined 
samples (n=4; 4%).The 303 probable cases were diag-
nosed by a single elevated titre in serology using vari-
ous methods (Figure 4).

At-risk exposures reported by cases
79 (18%) patients reported occupational activities 
exposing to animals or an environment possibly con-
taminated by animals (Table 1). A total of 82 (19%) 
patients reported tick bites before onset of symptoms: 
of these, 15(18%) lived in Alsace and 7 (8%) in Lorraine, 
both regions are located along the German–French bor-
der. Non-occupational direct contacts with one or more 
different animals were reported by 311 (72%) patients. 
The most frequent animals reported were hares (n=179; 
41%) and rodents (n=42; 10%) (Table 2).

The most frequent at-risk exposures reported by 
patients were outdoor leisure exposure to dust aero-
sols (n=217, 50%), such as gardening, jogging or bik-
ing in the forest.

Most likely source of contamination
We determined the most likely source of contamina-
tion for the cases as described in the methods section: 
hare handling for 179 (41%) patients, and tick bite for 
70 (16%). For other patients, the most likely circum-
stance of contamination was an at-risk occupation for 
28 (6%) and outdoor leisure activities for 103 (24%). 34 
(8%) patients had various other at-risk exposures and 
19 (4%) did not report any at-risk exposures.

The sex and age distribution did not differ significantly 
between the four main exposure groups (hares, ticks, 
occupational and outdoor leisure). Systemic presenta-
tions (pneumonic tularaemia and typhoidal tularaemia) 

were significantly more frequent in patients exposed 
through outdoor leisure (n=35; 34%) or occupation 
(n=8; 29%) than through tick bites (n=10; 14%) or hares 
(n=19; 11%) (p<0.05) (Table 3). By contrast, glandular 
and ulceroglandular tularaemia were significantly more 
frequent in patients with tick bites as the most likely 
source of infection (n=60; 86%) or hares (n=185; 81%) 
than in patients presumably contaminated through 
outdoors leisure (n=56; 57%) or occupational activities 
(n=17; 61%) p<0.05).

Monthly distribution of cases by most probable source 
of infection is presented in Figure 5. Contamination 
most likely due to hares occurred during the legal hunt-
ing period (from September to February), contamina-
tion most likely related to tick bites occurred in spring 
and summer. By contrast, contamination most likely 

Table 1
At-risk occupations of tularaemia cases notified in France, 
2002–2012 (n=79)

At-risk occupation Number (%)
Farmer/cattle breeder 38 (51)
Forest worker 12 (16)
Butcher/kitchen worker 7 (9)
Laboratory worker 4 (5)
Veterinarian/veterinary nurse 4 (5)
Fruits and vegetable producer 4 (5)
Landscaper 3 (4)
Vineyard worker 3 (4)
Petshop worker 1 (1)
Rendering plant worker 1 (1)
Horse riding teacher 1 (1)
Farm machine dealer 1 (1)
Total 79 (100)

Table 2
At-risk exposures reported by tularaemia cases notified in 
France, 2002–2012 (N=433) 

At-risk exposures Number (%)
Occupational 79 (18)
Non-occupational direct contact with 
animals 311 (72)

Game animals
Hares 179 (41)
Boars 8 (2)
Roe deer 8 (2)

Breeding animals 
Rabbits 18 (4)
Cattle 2 (0.5)
Goats 2 (0.5)
Sheep 3 (0.7)
Poultry 8 (2)

Pet animals
Dogs 16 (4)
Cats 13 (3)
Horses 5 (1)

Wildlife excluding game animals
Rodents (excluding pet rodents) 42 (10)
Stone martens 1 (0.2)
Foxes 1 (0.2)

Non-specified animal 49 (11)
Outdoor leisure activities 217 (50)

Hunting 52 (12)
Gardening 59 (14)
Sport 51 (12)
House work/rehabilitation 11 (3)

Tick bites 82 (19)
Mosquitoes/tabanids bites 29 (7)
Total at-risk exposures 433 (100)

A case could report several at-risk exposures.
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related to occupational or outdoor leisure activities 
occurred throughout the year.

Four patients were laboratory workers. Two of them 
worked in hospital laboratories and had handled bio-
logical samples of two other cases without taking 
appropriate precautions. The other two were working 
for local veterinary services and had carried out post-
mortem examinations on infected hares without the 
necessary protection. Twelve (3%) cases were con-
sidered to be imported as they had spent the month 
before onset of illness in other countries where they 
reported at-risk exposures.

Clusters
From 2002 to 2012, 10 clusters were detected through 
the surveillance system: two were laboratory-acquired 
infections (see above), three were air-borne clusters, 
four were food-borne outbreaks and the origin of the 
last cluster is unknown.

Air-borne cluster of cases
A cluster involving 14 patients occurred among tourists 
staying in a rural cottage in western France in 2004 [11]. 
Six patients presented with pneumonia and eight with 
typhoidal tularaemia. The investigation concluded that 
there had been air-borne contamination through aero-
sols from a highly contaminated rural environment. A 
cluster of airborne tularaemia infections was notified 
in 2012 in two neighbours who had cleared the under-
growth together in a field on a rabbit-breeding farm. 
Both patients presented with pneumonia.

During the summer of 2008, 10 French tourists were 
hiking in Spain along the pilgrim route to Santiago de 
Compostela. At this time, a major tularaemia outbreak 
occurred in this area of Castilla y Leon [12]. Eight of the 
tourists reported various non-specific symptoms at the 
end of their travel: fever (n=5), malaise (n=8), dysp-
nea (n=2) and conjunctivitis (n=1). They did not receive 
any treatment. Five were tested by serology after 
they returned in France and three were positive (the 

two who reported dyspnea and the one who reported 
conjunctivitis).

Food-borne clusters
Four food-borne clusters were identified in 2007, 2008, 
2009 and 2012. Three of these occurred following the 
handling, skinning and culinary preparation of hares 
rather than hare consumption. They involved, respec-
tively, a hunter and his wife, a hunter and his neigh-
bour, and three members of one family. The fourth 
food-borne cluster involved seven people who pre-
pared and ate a hare they had found dead in the coun-
tryside for a family lunch. All seven presented with 
massive oedema of tongue and pharyngitis a few hours 
after the shared meal. The hare had been prepared fol-
lowing a local recipe that used the uncooked liver and 
blood of the animal.

Cluster with undetermined origin of contamination
A married couple were diagnosed with tularaemia by 
serology after returning from Italy in 2010. No at-risk 
exposure was retrieved from their interview and both 
presented with non-specific abdominal pain and diges-
tive symptoms. Although their clinical presentation 
suggested food-borne contamination, it was not pos-
sible to determine the source of infection.

Diagnosis and notification delays
The median time from symptom onset to diagnosis was 
24 days (range 1 to 254), and was 19 days from diagno-
sis to notification (range 0 to 470 days). However, these 
delays were shorter for cluster patients (respectively 11 
days, p=0.003 from onset to diagnosis, and 20 days, 
p=0.25 from diagnosis to notification).

Discussion
Tularaemia has been mandatorily notifiable in France 
for 10 years, and an increasing number of cases has 
been reported every year since then. It is likely that the 
increase is due to more systematic notifications rather 
than to an increasing incidence of the disease, and that 

Table 3
Distribution of clinical presentations, by most likely source of contamination, tularaemia cases notified in France, 
2002–2012(n=380)

Hare handling Tick bite
At-risk

occupation Outdoor leisure activities

Glandular 94 (53%) 33 (47%) 14 (50%) 35 (34%)
Ulceroglandular 51 (28%) 27 (39%) 3 (11%) 24 (23%)
Typhoidal 10 (6%) 6 (9%) 4 (14%) 16 (16%)
Pneumonic 9 (5%) 4 (6%) 4 (14%) 19 (18%)
Oropharyngeal 12 (7%) 0 (0%) 2 (7%) 6 (6%)
Occuloglandular 3 (2%) 0 (0%) 1 (4%) 3 (3%)
Total 179 (100%) 70 (100%) 28 (100%) 103 (100%)

A case could report several at-risk exposures.
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Figure 5
Distribution of notified cases of tularaemia, by month of onset of symptoms, France, 2002–2012
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the numbers of reported cases will continue to increase 
in the next few years.

Tularaemia is notifiable at the European level with a 
standardised case definition [13]. The case definition 
used in France is more specific than the European 
case definition, as laboratory confirmation is required 
to notify cases, even when an epidemiological link is 
demonstrated. However, if a suspected case with only 
an epidemiological link to a case were to be notified, 
we would request that the suspected case be tested for 
tularaemia. We are therefore confident that we do not 
miss cases due to our case definition. Another differ-
ence is the classification of probable versus confirmed 
case. Because all cases are reported to ECDC, this dif-
ference does not result in a different interpretation of 
data at the national or European level.

In 2011, Europe’s highest annual incidences were 
reported in Finland (7.6/100,000 inhabitants) and 
Sweden (2.6/100,000) [14]. By contrast, the disease 
was rare in France in 2011 (0.07/100,000). The inci-
dence in neighbouring countries the same year, such 
as Germany (0.17/100,000) or Italy (0.19/100,000), is 
higher than the national French incidence, although 
far lower than in Finland or Sweden. However, France’s 
Alsace region, located along the German–French bor-
der, reported an incidence (0.17 /100,000) in 2011 com-
parable to the German incidence, suggesting common 
epidemiological patterns.

The low incidence reported in France suggests that the 
annual average of 40 cases notified underestimates 
the real number of cases. Some physicians probably do 
not know that the disease is notifiable because of its 
rarity. Moreover, because the clinical presentation may 
be non-specific, especially for typhoidal or pneumonic 
forms, some infections may not be diagnosed. Due to 
the absence of other independent sources of informa-
tion about human tularaemia in France, the exhaustive-
ness of the surveillance system cannot be assessed.

The surveillance system identified 10 clusters of 
patients and a nationwide outbreak in 2007/2008. For 
all but one cluster, the investigation quickly ruled out 
the hypothesis of any intentional release of Francisella. 
During the winter outbreak of 2007/2008, the most 
frequent at-risk exposure was direct contact with 
hares [10]. During the same period, the surveillance of 
tularaemia in hares displayed a concomitant increase 
in this species, suggesting a causal link between the 
outbreak among humans and among hares or a com-
mon environmental exposure, and therefore making 
the hypothesis of bioterrorism unlikely. The number 
of cases of tularaemia in France is likely underesti-
mated. Despite this, the results reported here confirm 
that the human surveillance system is able to detect 
small clusters as well as large outbreaks and therefore 
plays its role in preparedness for and early detection 
of bioterrorism.

The median delays from onset of symptoms to diagno-
sis, and from diagnosis to notification are too long and 
are not compatible with the necessary early detection 
in case of bioterrorism. However, it should be noticed 
that tularaemia is a rare disease in France, possibly 
presenting with non-specific early symptoms. Due to 
the absence of F. tularensis subspecies tularensis in 
France, most cases present with mild clinical signs, 
probably resulting in an increased delay before the 
diagnosis is suggested. Moreover, in case of bioterror-
ism, we would expect to detect clustered cases with 
severe clinical presentation and an unusual geographi-
cal distribution (urban areas), even before those cases 
are diagnosed with tularaemia. However, these data 
give important clues for improvement of the surveil-
lance system. Special attention will be given to short-
ening the timeframe for diagnosis and notification in 
the future, especially by raising clinician and microbi-
ologist awareness for reporting the cases to the public 
health authorities.

The most frequently reported at-risk exposures among 
cases were outdoor leisure exposure to dust aerosols. 
This exposure is, however, very common in the gen-
eral population. More interestingly, common at-risk 
exposures known as main routes of infection in other 
European countries were far less frequent in France: 
mosquito bites known as a major source of infection 
in Sweden [15], and contact with water animals such 
as crayfish responsible for a major outbreak in Spain 
[16]. These results suggest that an aquatic ecologi-
cal/epidemiological cycle of Francisella might be of 
low epidemiological importance in France. A frequent 
at-risk exposure among patients was direct contact 
with hares. Hares are known to be a major reservoir 
of Francisella and a source of infection for humans in 
North America and several European countries [4,17–
19]. By contrast with outdoor activities, handling hares 
is a rare at-risk exposure in the general population but 
is frequent among tularaemia cases and can therefore 
be considered a likely cause of infection when reported. 
However, we may overestimate the proportion of cases 
attributable to hare handling since clinicians are more 
likely to investigate tularaemia in patients reporting 
hare handling than in other patients.

Tick bites were a frequent (19%) but not major at-risk 
exposure among French cases, compared with outdoor 
leisure activities (50%) or contact with hares (41%). 
Most cases with tick bites lived close to the German–
French border in an area known to be the main focus in 
France for other tick-borne diseases such as tick-borne 
encephalitis or Lyme disease [20,21]. However, rare 
tick-borne tularaemia cases were identified through-
out all French districts. It is also possible that cases 
reporting outdoors activity as their only at-risk expo-
sure may also have been exposed to mosquito or tick 
bites that went unnoticed.

Our attempt to attribute a most likely source of infec-
tion based on the at-risk exposures reported by the 
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cases demonstrated a significant association between 
the clinical presentation and the likely source of infec-
tion. Systemic presentations were associated with at-
risk exposures suggesting air-borne infection whereas 
focalised clinical presentations were associated with at-
risk exposures responsible for inoculation. Moreover, 
the presumed sources of infection were consistent with 
the timeline of onset of symptoms for all cases: cases 
presumed to be related to contact with hares occurred 
during the hunting season, those presumed to have 
resulted from tick bites occurred in spring and summer 
when ticks are most active, and cases associated with 
occupational exposure or outdoor leisure activities 
were recorded throughout the year.

Only two deaths were recorded during the 10 years of 
surveillance. There is no follow-up of the patients after 
the notification, we therefore cannot be sure that other 
patients did not experience later unfavourable out-
comes. However, because only F. tularensis subspecies 
holarctica is present in France, a favourable outcome 
is expected in most patients. Indeed, the two patients 
with a fatal outcome had severe underlying diseases 
before their tularaemia infections, and these underly-
ing conditions may have contributed to their death.

Three patients with severe neurological presentations 
were notified. Central nervous system (CNS) infections 
due to Francisella have been described infrequently 
in the literature and most published cases presented 
with meningitis rather than encephalitis [22–25]. All 
three cases reported to the surveillance system had 
encephalitis with serious brain involvement. Francisella 
could be isolated from CSF in only one patient with 
severe underlying immunosuppressive conditions. The 
absence of bacterium or antibodies in the CSF of the 
two other patients suggest a possible immune-medi-
ated phenomenon rather than a direct invasion of CNS.

Conclusion
Mandatory notification of tularaemia implemented 
in France in 2002 has demonstrated its value for the 
detection of clusters and outbreaks. It is very likely that 
the incidence is currently underestimated due to prob-
able underdiagnosis and undernotification. Therefore, 
efforts should be made to increase clinician aware-
ness of the disease and the available diagnosis tools. 
Currently, the main sources of infection in France are 
hares, outdoor activities and tick bites. Hunters should 
be advised to wear gloves to skin game, and people 
exposed to tick bites should be advised to take protec-
tive measures such as wearing long trousers for out-
doors activities and to carefully examine themselves 
for ticks and to remove them rapidly.  
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