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 39 

Abstract 40 

 41 

In order to assess the level of occupational exposure to the main pathogens transmitted by the Ixodes ricinus tick, 42 

a seroprevalence study was performed on serum samples collected in 2003 from 2,975 forestry workers of 43 

North-Eastern France. The global seroprevalence estimated for the seven pathogens studied was 14.1% 44 

(419/2,975) for B. burgdorferi sl, 5.7% (164/2,908) for F. tularensis, 2.3% (68/2,941) for TBEV, 1.7% 45 

(50/2,908) for A. phagocytophilum, and 1.7% (48/2,908) for B. henselae. The seroprevalence of B. divergens and 46 

B. microti studied in a subgroup of subjects seropositive for at least one of these latter pathogens was 0.1% 47 

(1/810) and 2.5% (20/810) respectively. B. burgdorferi sl seroprevalence was significantly higher in Alsace and 48 

Lorraine and F. tularensis seroprevalence was significantly higher in Champagne-Ardenne and Franche-Comté. 49 

The results of this survey also suggest low rates of transmission of B. henselae and F. tularensis by ticks and a 50 

different West/East distribution of Babesia species in France. The frequency and potential severity of these 51 

diseases justify continued promotion of methods of prevention of I. ricinus bites. 52 

 53 

Key-Words: Ixodes ricinus, zoonotic agents, occupational exposure, seroprevalence, France  54 

 55 

 56 

Introduction 57 

 58 

Ticks are blood-feeding arthropods responsible for the transmission of numerous infectious agents that are 59 

pathogenic for man and/or animals. Ixodes ricinus is the most widespread tick species in Europe and constitutes 60 
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the vector of numerous pathogens, especially Borrelia burgdorferi sl, Anaplasma phagocytophilum, tick-borne 61 

encephalitis virus (TBEV), Babesia spp., and some Rickettsia species [1]. It is also involved in the transmission of 62 

Francisella tularensis and possibly Bartonella henselae [2, 3]. 63 

 64 

I. ricinus is present in almost all regions of France, in biotopes with persistent relative humidity (leafy forest 65 

floor, tall grasses, broadleaf and conifer forests) [4-6]. The high level of infestation of I. ricinus by infectious 66 

agents plays a leading role in the epidemiology of tick-borne diseases [7]. The estimated incidence of Lyme 67 

borreliosis in France from 2009 to 2012 was 42 per 100,000 inhabitants (an estimated average of 26,500 cases 68 

per year) [8]. Several human cases of tick-borne encephalitis are regularly reported, and cases of human 69 

anaplasmosis, babesiosis and tularaemia after tick bites have been published in France [9-13]. 70 

 71 

In Europe, Lyme borreliosis is the most common tick-borne disease, with a mean annual number of cases, 72 

estimated by a review in 2009, between 65,500 and 80,500 and an incidence rate that may be higher than 200 73 

cases per 100,000 inhabitants in some countries such as Slovenia [14, 15]. The second most common disease is 74 

tick-borne encephalitis with an average of 3,000 cases per year for all European endemic countries and an 75 

incidence exceeding 10 cases per 100,000 inhabitants in Estonia and Slovenia [16]. Between 70 and 100 76 

confirmed or probable cases of anaplasmosis have been reported since 1997, especially in Slovenia and 77 

Scandinavia and almost 60 cases of babesiosis (including about 40 cases of B. divergens) have been reported [10, 78 

12, 17, 18]. Ticks represent an important vector of tularaemia in some European countries (Switzerland, 79 

Slovakia) [19]. Recent data have shown that ticks could be able to transmit B. henselae to man: detection of 80 

B. henselae DNA in ticks removed from infected subjects, description of a few possible human cases of B. 81 

henselae infection after tick bites, demonstration of the capacity of I. ricinus to transmit B. henselae by means of 82 

a tick artificial nutrition method [3, 20-22]. 83 

 84 

Human seroprevalence studies conducted in workers exposed to tick bites have essentially concerned B. 85 

burgdorferi sl, TBEV and A. phagocytophilum. Only three studies have been conducted in forestry workers in 86 

Europe to simultaneously evaluate the seroprevalence of other tick-borne pathogens [23-25]. The objective of the 87 

present study was to estimate the seroprevalence of seven pathogens transmitted by I. ricinus in workers exposed 88 

to ticks (B. burgdorferi sl, TBEV, A. phagocytophilum, F. tularensis, B. henselae, B. microti and B. divergens) in 89 
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order to assess the frequency of human exposure to these different microorganisms in a region of high exposure 90 

to tick-borne pathogens in France [7, 8]. 91 

 92 

 93 

Method 94 

 95 

Recruitment and inclusion of subjects 96 

 97 

This cross-sectional study was conducted among forestry workers in North-Eastern France. Subjects were 98 

recruited by Mutualité Sociale Agricole occupational health physicians from December 2002 to December 2003 99 

in the Alsace, Lorraine, Champagne-Ardenne, Franche-Comté and Bourgogne regions. 100 

Forestry workers (woodcutters, silviculturists, forest rangers, fishing guards, game wardens, personnel with 101 

multiple forestry activities at least including woodcutting or silviculture, forestry machinery operators, sawmill 102 

personnel, wood sellers or gardeners) were invited to participate in the study at the time of occupational health 103 

surveillance examinations performed during the study period. Subjects with an immunodeficiency were 104 

excluded. Occupational health physicians interviewed forestry workers after obtaining their signed informed 105 

consent by using a standardized, anonymous questionnaire to record demographic and occupational data, 106 

including age, gender, place of residence and occupation over the previous twelve months, as well as previous 107 

yellow fever, Japanese encephalitis and tick-borne encephalitis immunizations. A blood sample for serology was 108 

drawn after the interview. This study was approved by our local ethical committee (CCPPRB, 29 avenue du 109 

Maréchal de Lattre de Tassigny, Nancy). 110 

 111 

Laboratory samples 112 

 113 

Anonymous blood samples (7 to 10 ml of blood) stored at room temperature were centrifuged within a maximum 114 

of 12 hours after collection, sera were then frozen at -20°C within 2 hours after centrifugation and stored at -115 

30°C within 12 hours until analysis. For each sample, a first tube was used in 2003 to perform B. burgdorferi sl 116 

serologies. A second tube, also stored at -30°C, was thawed in 2007 and divided into five aliquots, three of 117 

which were used to perform TBEV, A. phagocytophilum and F. tularensis serologies. Two aliquots stored at -118 

30°C were subsequently used for B. henselae (in 2010) and Babesia (in 2011) serologies. 119 
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Serological tests 120 

- Screening for anti-Borrelia burgdorferi IgG was performed by ELISA (Enzygnost® Borreliosis, Siemens®). 121 

Doubtful or positive sera were tested by TPHA and VDRL to eliminate cross-reactions related to Treponema 122 

pallidum and by Western blot for confirmation according to European guidelines [26]. 123 

- Screening for anti-TBEV IgG was performed by ELISA (Immunozym FSME, PROGEN®) on serum from 124 

subjects who declared that they had not been vaccinated against tick-borne encephalitis, Japanese encephalitis or 125 

yellow fever. 126 

- Screening for anti-Anaplasma phagocytophilum IgG antibodies was performed by ELISA using a recombinant 127 

protein P44 antigen [27]. Doubtful or positive sera were retested by IFA (Anaplasma phagocytophilum IFA 128 

IgG/IgM kit, Focus®) (positive cut-off = 1/64). 129 

- Screening for anti-Francisella tularensis IgG was performed by tube agglutination of F. tularensis antigen 130 

particles (BD®). Sera positive for F. tularensis were then tested for Yersinia (Yersinia ELISA IgA kit, 131 

Verion/Serion®) and Brucella by agglutination (Brucella Rose Bengal, Biorad® and Brucella Wright, Biorad® 132 

kits). Doubtful or positive sera in relation to Yersinia or Brucella were excluded from the analysis. 133 

- Screening for anti-Babesia microti and anti-Babesia divergens IgG antibodies was performed by IFA (positive 134 

cut-offs 1/64 and 1/128, respectively). Due to the presumed low seroprevalence as reported in the literature for 135 

these 2 pathogens and the amount of human workload of IFA serology, these tests were only performed on sera 136 

positive for B. burgdorferi sl, TBEV, A. phagocytophilum or F. tularensis. 137 

- Screening for anti-Bartonella henselae IgG was performed by ELISA. In order to increase the sensitivity of this 138 

test, the antigen used was a mixture of four strains of Bartonella henselae: BhI (Houston-1 G5436^T, ATCC 139 

49882T), BhII (Marseille, strain URLLY 8, CIP 104756), Berlin-1 (isolated from the cutaneous bacillary 140 

angiomatosis lesions of an HIV-infected patient), Berlin-2 (isolated from the blood of a pet cat). 141 

 142 

Statistical analysis 143 

 144 

All data were entered with Ethnos® software and exported to Excel® 2007. For analysis of the results, doubtful 145 

serological results in relation to the various pathogens tested were classified as negative. 146 

A descriptive analysis of the subjects included and calculation of seroprevalence rates for each pathogen were 147 

performed. Seroprevalence rates were compared by age-group, region and occupational group by Chi-square test 148 
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or Fisher’s exact test. The variation of seroprevalence rates by age-group was studied by Chi-square test for 149 

linear trends. 150 

For pathogens with an sufficient number of seropositive cases, the odds ratios of prevalence, adjusted for age, 151 

occupation and region of residence, were estimated by a logistic regression model. Confidence intervals and tests 152 

of significance were calculated at the α limit of 5%. Calculations were performed with EpiInfo™ 7.1.1.1 153 

software. 154 

 155 

 156 

Results 157 

 158 

Description of the population 159 

 160 

Of the 5,461 subjects invited to participate in the study, 3,033 replied and 2,975 were finally included (2,916 161 

men and 59 women). Subjects excluded from the study were personnel with little or no forestry exposure (39), 162 

subjects refusing to sign the informed consent form (11), with an intercurrent disease or receiving 163 

immunosuppressive therapy (4), or for whom the questionnaire or blood samples were not available (4). The 164 

subjects included worked in the five regions of the study, distributed throughout the territory of the study (Figure 165 

1). The participation rate and characteristics of the subjects differed slightly according to the region (Table 1). 166 

B. burgdorferi sl and TBEV serology was available for all subjects included (2,975) and A. phagocytophilum, F. 167 

tularensis and B. henselae serology was available for 2,908 subjects (the volume of serum was insufficient to 168 

perform all three additional serologies for 67 subjects). 169 

 170 

B. burgdorferi sl seroprevalence 171 

 172 

Of the 2,975 subjects tested for B. burgdorferi sl, 419 were positive, corresponding to a seroprevalence rate of 173 

14.1%. Seroprevalence increased significantly with age, reaching a maximum of 25.1% (85/338) for subjects 55 174 

years and older (p<10-4) (Fig. 2a), and was significantly higher in woodcutters (17.5%, 200/1,145) compared to 175 

other occupations and in Alsace (26.9%, 171/636) and Lorraine (16.5%, 146/885) compared to the other three 176 

regions studied (Table 2). 177 
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After adjustment for age and region of residence, seroprevalence was significantly higher in woodcutters and/or 178 

silviculturists. Alsace, Lorraine and Champagne-Ardenne presented a higher seroprevalence compared to 179 

Franche-Comté (Table 3). 180 

 181 

TBEV seroprevalence 182 

 183 

After exclusion of subjects who reported having been vaccinated against TBE virus, Japanese encephalitis or 184 

yellow fever (34), 68 of the 2,941 sera were positive for TBEV, corresponding to a seroprevalence rate of 2.3%. 185 

Only age was significantly associated with the subject’s serological status (p = 0.001): the proportion of 186 

seropositive subjects was lower among young subjects (0.9%, 7/748 for subjects younger than 35 years) and 187 

higher among older subjects (4.8%, 16/333 for subjects 55 years and older) (Fig. 2b and Table 2). 188 

 189 

A. phagocytophilum seroprevalence 190 

 191 

Of the 2,908 subjects tested for A. phagocytophilum, 50 were positive, corresponding to a seroprevalence rate of 192 

1.7%. No significant association was demonstrated between the subject’s serological status and age, occupation 193 

or region of residence (Fig. 2c and Table 2). 194 

 195 

F. tularensis seroprevalence 196 

 197 

Of the 2,908 subjects tested for F. tularensis, 197 were positive and none of these subjects were simultaneously 198 

positive for Brucella; 33 sera were also positive or doubtful for Yersinia and were excluded from the analysis. 199 

The seroprevalence rate was therefore 5.7% (164/2,875) and was significantly associated (p<10-4) with 200 

occupation, reaching 9.2% (63/684) among silviculturists. Significant regional variations were also observed 201 

(p<10-4): from 3.6% in Alsace and Lorraine to 11.2% (53/474) in Champagne-Ardenne (Table 2). After 202 

adjustment for other factors, seroprevalence was significantly higher among silviculturists and in the 203 

Champagne-Ardenne and Franche-Comté regions (Table 4). 204 

 205 

B. henselae seroprevalence 206 

 207 
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Of the 2,908 subjects tested for B. henselae, 48 presented positive serology, corresponding to a seroprevalence 208 

rate of 1.7%. No significant association was demonstrated between the subject’s serological status and age, 209 

occupation or region of residence (Fig. 2e and Table 2). 210 

 211 

B. microti and B. divergens seroprevalence 212 

 213 

Among the 810 subjects who were seropositive for B. burgdorferi sl or TBEV or A. phagocytophilum or F. 214 

tularensis, only 1 was positive for B. divergens and 20 were positive for B. microti, corresponding to a 215 

seroprevalence rate of 0.1% (1/810) and 2.5% (20/810) respectively in this subgroup. 216 

A higher proportion of seropositive subjects was observed among subjects 55 years and older, silviculturists, and 217 

subjects living in Lorraine and Champagne-Ardenne (Fig. 2f and Table 2). 218 

 219 

Multiple seropositivities 220 

 221 

Among the subjects tested for both B. burgdorferi sl, TBEV, A. phagocytophilum, B. henselae and F. tularensis,  222 

the serology was positive for a single pathogen in 21.5% (627/2,908) subjects and for 2 pathogens (other than 223 

Babesia) in 2.0% (57/2,908), especially B. burgdorferi sl together with F. tularensis (22/57), TBEV (11/57), 224 

B. henselae (9/57) or A. phagocytophilum (7/57) (Figure 3). Age was significantly associated with the multiple 225 

serological status (p=0,001): the proportion of subjects with multiple seropositivities was lower among subjects 226 

younger than 35 years (0.8%, 6/739) and higher among subjects older than 55 years (4.6%, 15/329). Significant 227 

regional variations were also observed (p<10-4): from 0.8% (4/512) in Franche-Comté to 4.0% (25/623) in 228 

Alsace. 229 

 230 

 231 

Discussion 232 

 233 

In this study, B. burgdorferi sl seroprevalence among forestry workers was 14.1%. This seroprevalence rate was 234 

considerably higher than that of the other pathogens studied: 5.7% for F. tularensis, 2.3% for TBEV, 1.7% for A. 235 

phagocytophilum and 1.7% for B. henselae, respectively. The overall seroprevalence of B. divergens and 236 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Rigaud, E. (Auteur de correspondance), Jaulhac, B., Garcia-Bonnet, N., Hunfeld, K. -P.,

Femenia, F., Huet, D., Goulvestre, C., Vaillant, V., Deffontaines, G., Abadia-Benoist, G. (2016).
Seroprevalence of seven pathogens transmitted by the Ixodes ricinus tick in forestry workers in

France. Clinical Microbiology and Infection, 22 (8), 1-27.  DOI : 10.1016/j.cmi.2016.05.014

M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 9 

B. microti was 2.6% but was only calculated among subjects seropositive for at least one other pathogen, which 237 

could overestimate the prevalence. 238 

Since date of the sample collection, some factors could have possibly lead to an increase of prevalence of these 239 

pathogens in ticks,: climate change, increase of the population size of wild animals hosting ticks: deers roe deers, 240 

wild boars (data from 2002/2003 to 2014/2015 provided by the Fédération des Chasseurs and the Office National 241 

de la Chasse et de la Faune Sauvage), modifications in agricultural and forest landscapes that could lead to a 242 

higher density of tick populations [28-30]. 243 

 244 

Since only one human case of Rickettsia helvetica infection has been described in France up to now and that 245 

Rickettsia slovaca infections have been reported mostly from Southern France and are transmitted by 246 

Dermacentor ticks, seroprevalence of Rickettsia spp. among forestry workers was not investigated in our study 247 

[31, 32].  248 

 249 

Classification of seropositive subjects was optimized by the use of validated laboratory tests and by the 250 

exclusion of cases with a suspected cross-reaction with other pathogens. 251 

 252 

This cross-sectional seroprevalence study among forestry workers mainly reflects old or recent exposure to an 253 

infectious agent, based on the generally prolonged persistence of antibodies detectable in blood, without taking 254 

into account the clinical expression of the disease and its mode of transmission. Although a transmission of 255 

F. tularensis and B. henselae by tick bites has been hypothesized in the literature, the results of this study did not 256 

confirm or infirm a possible tick transmission of these pathogens for which human infection usually occurs by 257 

direct skin contact with the animal or by inoculation (scratch or bite) respectively [13,33]. 258 

 259 

Other studies of B. burgdorferi sl seroprevalence in Europe have also been conducted among occupationally 260 

exposed workers using various techniques and kits (ELISA with or without western blot confirmation, IFA, with 261 

or without differential detection of IgG and IgM antibodies) and based on very variable sample sizes, thereby 262 

limiting comparisons. In studies using western blot analysis, the seroprevalence of anti-B. burgdorferi IgG 263 

antibodies was 9.4% in Romania and varied significantly according to regions from 0.7% to 23.2% in Italy [34-264 

36]. The seroprevalence, without distinguishing IgG and IgM, was 18.1% in The Netherlands, 28.0% in Poland 265 
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and 34.6% in Germany [37-39]. Studies based on the use of ELISA alone reported IgG seroprevalence rates of 266 

23.8% in Slovenia, 33.1% in Germany and 35% in Switzerland [25, 40, 41]. 267 

The high B. burgdorferi sl seroprevalence observed in our study is similar to that reported by other previous 268 

surveys among occupationally exposed workers in France [42, 43]. Our study shows a predominance of this 269 

seroprevalence in the two most North-Eastern regions of France. In particular, the high prevalence in Alsace is 270 

concordant with the tick density and infestation rates reported in this region, which are among the highest in 271 

Europe, the densities of some animal hosts (we consider the number of roe deer and wild boar killed by hunters -  272 

tableau de chasse 2002/2003 provided by The Fédération des Chasseurs and The Office National de la Chasse et 273 

de la Faune Sauvage) and the incidence of human Lyme borreliosis (154 cases per 100,000 inhabitants), which is 274 

one of the highest rates of all Western and Central European countries [7, 8, 30, 44]. 275 

 276 

TBEV seroprevalence among exposed forestry workers varies considerably according to country, region and 277 

various studies: 19.8% to 81.3% in Eastern Poland [45, 46], 0% to 5.7% in Italy [35, 47], 7.3% in South-Western 278 

Germany with variations according to district ranging from 0 to 43% [39]. The TBEV seroprevalence observed 279 

in our study is similar to that reported by previous French studies conducted among subjects in contact with the 280 

forest [48]. This seroprevalence is consistent with the low and stable number of cases of human clinical TBE 281 

diagnosed in France (an average of about ten cases per year from 1968 to 2003), especially confined to Eastern 282 

France (essentially Alsace, Lorraine, Franche-Comté) and the low prevalence in Ixodes ricinus which varies 283 

from 0.1% to 5% in European areas where TBE is endemic [9, 49]. The incidence of TBE in France is lower 284 

than that observed in neighbouring countries such as Germany (0.3 to 0.7 cases per 100,000) or Switzerland (1.5 285 

to 3.3 cases per 100,000), while the greatest number of clinical cases are reported in Czech Republic, Baltic 286 

States and Slovenia (incidence exceeding 10 cases per 100,000 inhabitants depending on the year) [50]. These 287 

differences in incidence rates must be analysed as a function of respective vaccine coverage rates [51]. 288 

 289 

Few data are available in the literature concerning the seroprevalence of B. microti and/or B. divergens among 290 

forestry workers: only three countries in Europe have published seroprevalence rates for these pathogens. The 291 

seroprevalence estimated in our study among workers occupationally exposed to tick bites is comparable to that 292 

reported for B. microti among forestry workers in Poland (4.4%) [52], but is lower than that reported for B. 293 

divergens in Slovenia (8.4%) [53] and in a German study, in which 9.3% of asymptomatic seropositive subjects 294 

or subjects with clinical Lyme borreliosis or who had reported a tick bite, presented anti-B. microti antibodies 295 
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and 4.9% presented anti-B. divergens antibodies [54]. The low seroprevalence rates for B. microti and B. 296 

divergens observed in our study are consistent with the small number of clinical cases of human babesiosis 297 

reported in the regions of our study (2 cases in Alsace to date), the identification of B. microti and B. divergens, 298 

in I. ricinus from a forest area in Alsace and the very low prevalence rates of B. divergens in ticks found in the 299 

French Ardennes [55-57]. It is noteworthy that the higher seroprevalence of B. microti compared to B. divergens 300 

(20/1) suggests that B. microti infections may be more frequent in North-Eastern France. B. divergens infections 301 

were more often identified in Western and Central France, where they are responsible for bovine babesiosis and 302 

a dozen cases of human babesiosis [58]. Despite the B. microti seroprevalence reported in our study, no human 303 

cases related to this species have been reported to date in France and only 3 cases have been reported in Europe, 304 

suggesting that this species would be less pathogenic and more frequently responsible for asymptomatic or 305 

paucisymptomatic infections [59-62]. 306 

 307 

A. phagocytophilum seroprevalence among subjects exposed to tick bites varies from 1% (UK) to 25% 308 

(Slovakia) [63-64]. High seroprevalence rates (between 10 and 20%) have also been reported in Slovenia, 309 

Poland, Norway and Sweden [65-68]. The low A. phagocytophilum seroprevalence rate observed in our study is 310 

consistent with the existence of human cases in France, but suggests that such cases would be rare. This low 311 

seroprevalence is also compatible with the low rate of tick infestation in France, which ranges from 0.3% in 312 

Western France to 2.6% in Eastern France [57, 69] and the small number of clinical cases identified (9 313 

confirmed cases between 2003 and 2009 in North-Eastern France) [10, 11]. Despite the predominance of these 314 

cases in Alsace, no significant difference in seroprevalence rates was demonstrated between the various regions 315 

of the study. Human anaplasmosis also appears to be rare in Europe (clinical cases reported essentially in 316 

Slovenia (25), Scandinavia (25) and Poland (13)), but the high I. ricinus infestation rates (8 to 14% in Slovakia, 317 

Serbia and Poland) and the high seroprevalence rates reported in some European countries suggest that human 318 

anaplasmosis may be underestimated or asymptomatic [70-74]. 319 

 320 

In Europe, F. tularensis seroprevalence studies among forestry workers have reported seroprevalence rates of 321 

1.7% and 4.0% in Germany, 2.1% in Poland, and 3.4% in Austria [25, 75-77]. No F. tularensis seroprevalence 322 

study in occupationally exposed workers has been published in France to date. The seroprevalence of 5.8% 323 

observed in our study is high, with rates as high as 11.2% in Champagne-Ardenne and 7.9% in Franche-Comté. 324 

In Alsace, F. tularensis seroprevalence (3.7%) was comparable to that reported in a study conducted on 400 325 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Rigaud, E. (Auteur de correspondance), Jaulhac, B., Garcia-Bonnet, N., Hunfeld, K. -P.,

Femenia, F., Huet, D., Goulvestre, C., Vaillant, V., Deffontaines, G., Abadia-Benoist, G. (2016).
Seroprevalence of seven pathogens transmitted by the Ixodes ricinus tick in forestry workers in

France. Clinical Microbiology and Infection, 22 (8), 1-27.  DOI : 10.1016/j.cmi.2016.05.014

M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 12 

forestry workers in 1996 [4.0%; Jaulhac B., personal communication]. Epizootic diseases have been regularly 326 

reported between 1993 and 2004 in Champagne-Ardenne and Franche-Comté, especially in hares, while only 327 

sporadic animal cases have been reported in Lorraine and Bourgogne [78]. On the basis of human surveillance 328 

data from 2002 to 2012, Champagne-Ardenne can also classified as one of the French regions with the highest 329 

incidence [13]. In our study, the highest seroprevalence was observed among silviculturists (9.2%). 330 

Silviculturists, who attend to the plantation, organization and maintenance of forests, are probably also 331 

frequently exposed to this agent by direct or indirect non-vectorial contacts with the animal reservoir or 332 

contaminated soil earth. Furthermore, a history of tick bite was reported in only about 20% of cases of 333 

tularaemia in France and in the regions of the present study, while the rate of tick infestation by F. tularensis is 334 

low in these regions (1%) [13, 79]. Inversely, vectorial transmission of F. tularensis (by ticks and mosquitoes) is 335 

the predominant mode of transmission in other European countries [19]. 336 

 337 

B. henselae is primarily transmitted to humans by cat scratch or bite. Cat fleas are well established vectors for B. 338 

henselae which could be transmitted directly to humans by the bite of infected cat fleas, although this has not 339 

been proven [33]. Transmission by ticks has also been suggested [3, 20-22]. Our study demonstrated a very low 340 

B. henselae seroprevalence rate among forestry workers, which may reflect the low real risk of transmission of 341 

this Bartonella species by I. ricinus, at least in this part of France, especially as high prevalence levels of DNA 342 

in ticks has been found in some specific regions of Alsace (38,2%) and in Ardennes (17,6%) [21, 57]. 343 

 344 

Very few forestry workers were seropositive for at least two of the seven pathogens studied (including B. 345 

burgdorferi sl and TBEV), which may reflect the low seroprevalence of these pathogens observed in our study 346 

except for B. burgdorferi sl and the limited role of I. ricinus in the transmission of F. tularensis or B. henselae. 347 

Simultaneous seropositivity for B. burgdorferi sl and A. phagocytophilum or Babesia spp. was low in our study 348 

(0.2% for Anaplasma) suggesting a very low risk of human co-infection by these pathogens. 349 

 350 

In conclusion, our study confirms occupational exposure of forestry workers to these seven pathogens 351 

transmissible by Ixodes ricinus and allows risk classification among forestry workers in North-Eastern France in 352 

relation to these main tick-borne pathogens. Exposure to B. burgdorferi sl appears to be by far the most frequent 353 

type of exposure among these workers, while the levels of exposure to B. microti, B. divergens, A. 354 

phagocytophilum or B. henselae remain low. The level of exposure to F. tularensis is probably related more to 355 
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the work environment than to the role of the vector. Incidence studies would allow a more accurate risk 356 

assessment, but would be difficult to perform due to the small number of cases and the nonspecific symptoms. 357 

The high density of tick populations in these regions and the potential severity of some clinical forms of these 358 

infections justify continued promotion of primary and secondary prevention messages and especially personal 359 

protection measures against this vector (systematic examination of the skin at the end of every working day and 360 

early removal of ticks with surveillance of the bite overalls, use of clothes possibly impregnated with 361 

insecticides, possible use of skin insect repellents). 362 

 363 

 364 

References 365 

 366 

[1] Heyman P, Cochez C, Hofhuis A, van der Giessen J, Sprong H, Porter SR, et al. A clear and present danger: 367 

tick-borne diseases in Europe. Expert Rev Anti Infect Ther 2010;8:33–50.  368 

[2] Ellis J, Oyston PC, Green M, Titball RW. Tularemia. Clin Microbiol Rev 2002;15:631–46. 369 

[3] Cotté V, Bonnet S, Le Rhun D, Le Naour E, Chauvin A, Boulouis HJ, et al. Transmission of Bartonella 370 

henselae by Ixodes ricinus. Emerg Infect Dis 2008;14:1074–80.  371 

[4] Gilot B, Degeilh B, Pichot J, Doche B, Guiguen C. Prevalence of Borrelia burgdorferi (Sensu Lato) in Ixodes 372 

ricinus (L.) populations in France, according to a phytoecological zoning of the territory. Eur J Epidemiol 373 

1996;12:395–401. 374 

[5] Mac Leod J. Ixodes ricinus in relation to its physical environment. II. The factors governing survival and 375 

activity. Parasitology 1935;27:123–44. 376 

[6] Degeilh B. [Scientific basis for prevention]. Med Mal Infect 2007;37:360–7. 377 

[7] Ferquel E, Garnier M, Marie J, Bernède-Baudouin C, Baranton G, Pérez-Eid C, et al. Prevalence of Borrelia 378 

burgdorferi Sensu Lato and Anaplasmataceae members in Ixodes ricinus ticks in Alsace, a focus of Lyme 379 

borreliosis endemicity in France. Appl Environ Microbiol 2006;72:3074–8.  380 

[8] Vandenesch A, Turbelin C, Couturier E, Arena C, Jaulhac B, Ferquel E, et al. Incidence and hospitalisation 381 

rates of Lyme borreliosis, France, 2004 to 2012. Euro Surveill 2014;19:pii:20883.  382 

[9] Hansmann Y, Gut JP, Remy V, Martinot M, Allard Witz M, Christmann D. Tick-borne encephalitis in 383 

eastern France. Scand J Infect Dis 2006;38:520–6. 384 

[10] Koebel C, Kern A, Edouard S, Hoang AT, Celestin N, Hansmann Y, et al. Human granulocytic 385 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Rigaud, E. (Auteur de correspondance), Jaulhac, B., Garcia-Bonnet, N., Hunfeld, K. -P.,

Femenia, F., Huet, D., Goulvestre, C., Vaillant, V., Deffontaines, G., Abadia-Benoist, G. (2016).
Seroprevalence of seven pathogens transmitted by the Ixodes ricinus tick in forestry workers in

France. Clinical Microbiology and Infection, 22 (8), 1-27.  DOI : 10.1016/j.cmi.2016.05.014

M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 14 

anaplasmosis in eastern France: clinical presentation and laboratory diagnosis. Diagn Microbiol Infect Dis 386 

2012;72:214–8.  387 

[11] Edouard S, Koebel C, Goehringer F, Socolovschi C, Jaulhac B, Raoult D, et al. Emergence of human 388 

granulocytic anaplasmosis in France. Ticks Tick Borne Dis 2012;3:403–5.  389 

 [12] Gorenflot A, Moubri K, Precigout E, Carcy B, Schetters TP. Human babesiosis. Ann Trop Med Parasitol 390 

1998;92:489–501. 391 

 [13] Mailles A, Vaillant V. 10 years of surveillance of human tularaemia in France. Euro Surveill 392 

2014;19:pii:20956.  393 

[14] Hubálek Z. Epidemiology of Lyme borreliosis. In: Lipsker D, Jaulhac B, editors. Lyme borreliosis 394 

Biological and Clinical Aspects. Current Problems in Dermatology vol 37. Basel: Karger; 2009, p.31–50.  395 

[15] Lindgren E, Jaenson TGT. Lyme borreliosis in Europe: influences of climate and climate change, 396 

epidemiology, ecology and adaptation measures. In: Menne B, Ebi KL, editors. Climate Change and Adaptation 397 

Strategies for Human Health, Darmstadt: Steinkopff; 2006, p.157–88. 398 

[16] Süss J. Tick-borne encephalitis in Europe and beyond – the epidemiological situation as of 2007. Euro 399 

Surveill 2008;13:pii:18916.  400 

[17] Lotric-Furlan S, Rojko T, Petrovec M, Avsic-Zupanc T, Strle F. Epidemiological, clinical and laboratory 401 

characteristics of patients with human granulocytic anaplasmosis in Slovenia. Wien Klin Wochenschr 402 

2006;118:708–13.  403 

[18] Genchi C. Human babesiosis, an emerging zoonosis. Parassitologia 2007;49 Suppl 1:29–31. 404 

[19] Hestvik G, Warns-Petit E, Smith LA, Fox NJ, Uhlhorn H, Artois M, et al. The status of tularemia in Europe 405 

in a one-health context: a review. Epidemiol Infect 2015;143:2137–60.  406 

[20] Sanogo YO, Zeaiter Z, Caruso G, Merola F, Shpynov S, Brouqui P, et al. Bartonella henselae in Ixodes 407 

ricinus ticks (Acari: Ixodida) removed from humans, Belluno province, Italy. Emerg Infect Dis 2003;9:329–32. 408 

[21] Dietrich F, Schmidgen T, Maggi RG, Richter D, Matuschka FR, Vonthein R, et al. Prevalence of Bartonella 409 

henselae and Borrelia burgdorferi Sensu Lato DNA in Ixodes ricinus ticks in Europe. Appl Environ Microbiol 410 

2010;76:1395–8.  411 

[22] Angelakis E, Pulcini C, Waton J, Imbert P, Socolovschi C, Edouard S, et al. Scalp eschar and neck 412 

lymphadenopathy caused by Bartonella henselae after tick bite. Clin Infect Dis 2010;50:549–51.  413 

[23] Chmielewska-Badora J, Moniuszko A, Zukiewicz-Sobczak W, Zwolinski J, Piatek J, Pancewicz S. 414 

Serological survey in persons occupationally exposed to tick-borne pathogens in cases of co-infections with 415 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Rigaud, E. (Auteur de correspondance), Jaulhac, B., Garcia-Bonnet, N., Hunfeld, K. -P.,

Femenia, F., Huet, D., Goulvestre, C., Vaillant, V., Deffontaines, G., Abadia-Benoist, G. (2016).
Seroprevalence of seven pathogens transmitted by the Ixodes ricinus tick in forestry workers in

France. Clinical Microbiology and Infection, 22 (8), 1-27.  DOI : 10.1016/j.cmi.2016.05.014

M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 15 

Borrelia burgdorferi, Anaplasma phagocytophilum, Bartonella spp. and Babesia microti. Ann Agric Environ 416 

Med 2012;19:271–4. 417 

[24] Zukiewicz-Sobczak W, Zwolinski J, Chmielewska-Badora J, Galińska EM, Cholewa G, Krasowska E, et al. 418 

Prevalence of antibodies against selected zoonotic agents in forestry workers from eastern and southern Poland. 419 

Ann Agric Environ Med 2014;21:767–70.  420 

[25] Jurke A, Bannert N, Brehm K, Fingerle V, Kempf VA, Kömpf D, et al. Serological survey of Bartonella 421 

spp., Borrelia burgdorferi, Brucella spp., Coxiella burnetii, Francisella tularensis, Leptospira spp., 422 

Echinococcus, Hanta-, TBE- and XMR-virus infection in employees of two forestry enterprises in North Rhine-423 

Westphalia, Germany, 2011-2013. Int J Med Microbiol 2015;305:652–62.  424 

[26] Stanek G, Fingerle V, Hunfeld KP, Jaulhac B, Kaiser R, Krause A, et al. Lyme borreliosis: clinical case 425 

definitions for diagnosis and management in Europe. Clin Microbiol Infect 2011;17:69–79.  426 

[27] IJdo JW, Wu C, Magnarelli LA, Fikrig E. Serodiagnosis of human granulocytic ehrlichiosis by a 427 

recombinant HGE-44-based enzyme-linked immunosorbent assay. J Clin Microbiol 1999;37:3540–4. 428 

[28] Dantas-Torres F. Climate change, biodiversity, ticks and tick-borne diseases: The butterfly effect. Int J 429 

Parasitol Parasites Wildl. 2015;4:452–61.  430 

[29] Keesing F, Belden LK, Daszak P, Dobson A, Harvell CD, Holt RD, et al. Impacts of biodiversity on the 431 

emergence and transmission of infectious diseases. Nature 2010;468(7324):647–52. 432 

[30] http://www.oncfs.gouv.fr 433 

[31] Fournier PE, Grunnenberger F, Jaulhac B, Gastinger G, Raoult D. Evidence of Rickettsia helvetica infection 434 

in humans, eastern France. Emerg Infect Dis 2000;6:389–92. 435 

[32] Gouriet F, Rolain JM, Raoult D. Rickettsia slovaca infection, France. Emerg Infect Dis 2006;12:521–3. 436 

[33] Edouard S, Raoult D. [Bartonella henselae, an ubiquitous agent of proteiform zoonotic disease]. Med Mal 437 

Infect 2010;40:319–30.  438 

[34] Hristea A, Hristescu S, Ciufecu C, Vasile A. Seroprevalence of Borrelia burgdorferi in Romania. Eur J 439 

Epidemiol 2001;17:891–6. 440 

[35]  Di Renzi S, Martini A, Binazzi A, Marinaccio A, Vonesch N, D'Amico W, et al. Risk of acquiring tick-441 

borne infections in forestry workers from Lazio, Italy. Eur J Clin Microbiol Infect Dis 2010;29:1579–81.  442 

[36] Cinco M, Barbone F, Grazia CM, Mascioli M, Anguero RM, Stefanel P, et al. Seroprevalence of tick-borne 443 

infections in forestry rangers from northeastern Italy. Clin Microbiol Infect 2004;10:1056–61. 444 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Rigaud, E. (Auteur de correspondance), Jaulhac, B., Garcia-Bonnet, N., Hunfeld, K. -P.,

Femenia, F., Huet, D., Goulvestre, C., Vaillant, V., Deffontaines, G., Abadia-Benoist, G. (2016).
Seroprevalence of seven pathogens transmitted by the Ixodes ricinus tick in forestry workers in

France. Clinical Microbiology and Infection, 22 (8), 1-27.  DOI : 10.1016/j.cmi.2016.05.014

M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 16 

[37] Kuiper H, de Jongh BM, Nauta AP, Houweling H, Wiessing LG, van Charante AW, et al. Lyme borreliosis 445 

in Dutch forestry workers. J Infect 1991;23:279–86. 446 

[38] Tokarska-Rodak M, Plewik D, Koziol-Montewka M, Szepeluk A, Paszkiewicz J. [Risk of occupational 447 

infections caused by Borrelia burgdorferi among forestry workers and farmers]. Med Pr 2014;65:109–17. 448 

[39] Oehme R, Hartelt K, Backe H, Brockmann S, Kimming P. Foci of tick-borne diseases in southwest 449 

Germany. Int J Med Microbiol 2002;291 Suppl 33:22– 9. 450 

[40] Rojko T, Ruzic-Sabljic E, Strle F, Lotric-Furlan S. Prevalence and incidence of Lyme borreliosis among 451 

Slovene forestry workers during the period of tick activity. Wien Klin Wochenschr 2005;117:219–25. 452 

[41] Nadal D, Wunderli W, Briner H, Hansen K. Prevalence of antibodies to Borrelia burgdorferi in forestry 453 

workers and blood donors from the same region in Switzerland. Eur J Clin Microbiol Infect Dis 1989;8:992–5. 454 

[42] Zhioua E, Rodhain F, Binet P, Perez-Eid C. Prevalence of antibodies to Borrelia burgdorferi in forestry 455 

workers of Ile de France, France. Eur J Epidemiol 1997;13:959–62. 456 

[43] Doby JM, Couatarmanac'h A, Fages J, Chevrier S. [Tick-spirochetosis among the forest workers. 457 

Serological survey in 653 people of 10 departments in the western part of France]. Arch Mal Prof 1989;50:751–458 

7. 459 

[44] Smith R, Takkinen J, Editorial team. Lyme borreliosis: Europe-wide coordinated surveillance and action 460 

needed?. Euro Surveill 2006;11:pii:2977.  461 

[45] Cisak E, Sroka J, Zwolinski J, Uminski J. Seroepidemiologic study on tick-borne encephalitis among 462 

forestry workers and farmers from the Lublin region (eastern Poland). Ann Agric Environ Med 1998;5:177–81. 463 

[46] Siennicka J, Trzcinska A, Gut W. [Immunity against tick borne encephalitis virus (TBE) in population of 464 

forest workers in Bialowieza]. Przegl Epidemiol 2010;64:303–5. 465 

[47] Pugliese A, Beltramo T, Torre D. Seroprevalence study of Tick-borne encephalitis, Borrelia burgdorferi, 466 

Dengue and Toscana virus in Turin Province. Cell Biochem Funct 2007;25:185–8.  467 

[48] Schuhmacher H, Hoen B, Baty V, Henny J, Le Faou A, Canton P. [Seroprevalence of Central European 468 

tick-borne encephalitis in the Lorraine region]. Presse Med 1999;28:221–4. 469 

[49] Süss J. Tick-borne encephalitis 2010: epidemiology, risk areas, and virus strains in Europe and Asia-an 470 

overview. Ticks Tick Borne Dis 2011;2:2–15.  471 

[50] Donoso Mantke O, Escadafal C, Niedrig M, Pfeffer M. Working Group For Tick-Borne Encephalitis Virus. 472 

Tick-borne encephalitis in Europe, 2007 to 2009. Euro Surveill 2011;16:pii:19976.  473 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Rigaud, E. (Auteur de correspondance), Jaulhac, B., Garcia-Bonnet, N., Hunfeld, K. -P.,

Femenia, F., Huet, D., Goulvestre, C., Vaillant, V., Deffontaines, G., Abadia-Benoist, G. (2016).
Seroprevalence of seven pathogens transmitted by the Ixodes ricinus tick in forestry workers in

France. Clinical Microbiology and Infection, 22 (8), 1-27.  DOI : 10.1016/j.cmi.2016.05.014

M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 17 

[51] Amicizia D, Domnich A, Panatto D, Lai PL, Cristina ML, Avio U, et al. Epidemiology of tick-borne 474 

encephalitis (TBE) in Europe and its prevention by available vaccines. Hum Vaccin Immunother 2013;9:1163–475 

71.  476 

[52] Pancewicz S, Moniuszko A, Bieniarz E, Puciło K, Grygorczuk S, Zajkowska J, et al. Anti-Babesia microti 477 

antibodies in foresters highly exposed to tick bites in Poland. Scand J Infect Dis 2011;43:197–201.  478 

[53] Rojko T, Duh D, Avsic-Zupanc T, Strle F, Lotric-Furlan S. Seroprevalence of Babesia divergens infection 479 

among forestry workers in Slovenia. Int J Med Microbiol 2008;298:347–50. 480 

[54] Hunfeld KP, Lambert A, Kampen H, Albert S, Epe C, Brade V, et al. Seroprevalence of Babesia infections 481 

in humans exposed to ticks in midwestern Germany. J Clin Microbiol 2002;40:2431–6. 482 

[55] Martinot M, Zadeh MM, Hansmann Y, Grawey I, Christmann D, Aguillon S, et al. Babesiosis in 483 

immunocompetent patients, Europe. Emerg Infect Dis 2011;17:114–6.  484 

[56] Bonnet S, Michelet L, Moutailler S, Cheval J, Hébert C, Vayssier-Taussat M, et al. Identification of 485 

parasitic communities within European ticks using next-generation sequencing. PLoS Negl Trop Dis 486 

2014;8:e2753.  487 

[57] Moutailler S, Valiente Moro C, Vaumourin E, Michelet L, Tran FH, Devillers E, et al. Co-infection of 488 

Ticks: The Rule Rather Than the Exception. PLoS Negl Trop Dis 2016;10:e0004539. 489 

[58] L’Hostis M, Chauvin A. Babesia divergens in France: descriptive and analytical epidemiology. 490 

Parassitologia 1999;41 Suppl 1:59–62. 491 

[59] Meer-Scherrer L, Adelson M, Mordechai E, Lottaz B, Tilton R. Babesia microti infection in Europe. Curr 492 

Microbiol 2004;48:435–7. 493 

[60] Hildebrandt A, Hunfeld KP, Baier M, Krumbholz A, Sachse S, Lorenzen T, et al. First confirmed 494 

autochthonous case of human Babesia microti infection in Europe. Eur J Clin Microbiol Infect Dis 2007;26:595–495 

601. 496 

[61] Ramharter M, Walochnik J, Lagler H, Winkler S, Wernsdorfer WH, Stoiser B, et al. Clinical and molecular 497 

characterization of a near fatal case of human babesiosis in Austria. J Travel Med 2010;17:416–8.  498 

[62] Vannier E, Krause PJ. Update on Babesiosis. Interdiscip Perspect Infect Dis 2009;2009:984568.  499 

[63] Blanco JR, Oteo JA. Human granulocytic ehrlichiosis in Europe. Clin Microbiol Infect 2002;8:763–72. 500 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Rigaud, E. (Auteur de correspondance), Jaulhac, B., Garcia-Bonnet, N., Hunfeld, K. -P.,

Femenia, F., Huet, D., Goulvestre, C., Vaillant, V., Deffontaines, G., Abadia-Benoist, G. (2016).
Seroprevalence of seven pathogens transmitted by the Ixodes ricinus tick in forestry workers in

France. Clinical Microbiology and Infection, 22 (8), 1-27.  DOI : 10.1016/j.cmi.2016.05.014

M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 18 

[64] Kocianová E, Kost'anová Z, Stefanidesová K, Spitalská E, Hucková D, Stanek G. Serologic evidence of 501 

Anaplasma phagocytophilum infections in patients with a history of tick bite in central Slovakia. Wien Klin 502 

Wochenschr 2008;120:427–31.  503 

[65] Rojko T, Ursic T, Avsic-Zupanc T, Petrovec M, Strle F, Lotric-Furlan S. Seroprevalence of human 504 

anaplasmosis in slovene forestry workers. Ann N Y Acad Sci 2006;1078:92–4. 505 

[66] Tomasiewicz K, Modrzewska R, Buczek A, Stańczak J, Maciukajć J. The risk of exposure to Anaplasma 506 

phagocytophilum infection in Mid-Eastern Poland. Ann Agric Environ Med 2004;11:261–4.  507 

[67] Bakken JS, Krueth J, Tilden RL, Dumler JS, Kristiansen BE. Serological evidence of human granulocytic 508 

ehrlichiosis in Norway. Eur J Clin Microbiol Infect Dis 1996;15:829–32. 509 

[68] Dumler JS, Dotevall L, Gustafson R, Granström M. A population-based seroepidemiologic study of human 510 

granulocytic ehrlichiosis and Lyme borreliosis on the west coast of Sweden. J Infect Dis 1997;175:720–2. 511 

[69] Cotté V, Bonnet S, Cote M, Vayssier-Taussat M. Prevalence of five pathogenic agents in questing Ixodes 512 

ricinus ticks from western France. Vector Borne Zoonotic Dis 2010;10:723–30.  513 

[70] Subramanian G, Sekeyova Z, Raoult D, Mediannikov O. Multiple tick-associated bacteria in Ixodes ricinus 514 

from Slovakia. Ticks Tick Borne Dis 2012;3:406–10. 515 

[71] Derdakova M, Halanova M, Stanko M, Stefancikova A, Cislakova L, Pet'ko B. Molecular evidence for 516 

Anaplasma phagocytophilum and Borrelia burgdorferi Sensu Lato in Ixodes ricinus ticks from eastern Slovakia. 517 

Ann Agric Environ Med 2003;10:269–71. 518 

[72] Milutinović M, Masuzawa T, Tomanović S, Radulović Z, Fukui T, Okamoto Y. Borrelia burgdorferi Sensu 519 

Lato, Anaplasma phagocytophilum, Francisella tularensis and their co-infections in host-seeking Ixodes ricinus 520 

ticks collected in Serbia. Exp Appl Acarol 2008;45:171–83. 521 

[73] Sytykiewicz H, Karbowiak G, Hapunik J, Szpechciński A, Supergan-Marwicz M, Goławska S, et al. 522 

Molecular evidence of Anaplasma phagocytophilum and Babesia microti co-infections in Ixodes ricinus ticks in 523 

central-eastern region of Poland. Ann Agric Environ Med 2012;19:45–9. 524 

[74] Grzeszczuk A. Anaplasma phagocytophilum in Ixodes ricinus ticks and human granulocytic anaplasmosis 525 

seroprevalence among forestry rangers in Białystok region. Adv Med Sci 2006;51:283–6. 526 

[75] Jenzora A, Jansen A, Ranisch H, Lierz M, Wichmann O, Grunow R. Seroprevalence study of Francisella 527 

tularensis among hunters in Germany. FEMS Immunol Med Microbiol 2008;53:183–9.  528 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Rigaud, E. (Auteur de correspondance), Jaulhac, B., Garcia-Bonnet, N., Hunfeld, K. -P.,

Femenia, F., Huet, D., Goulvestre, C., Vaillant, V., Deffontaines, G., Abadia-Benoist, G. (2016).
Seroprevalence of seven pathogens transmitted by the Ixodes ricinus tick in forestry workers in

France. Clinical Microbiology and Infection, 22 (8), 1-27.  DOI : 10.1016/j.cmi.2016.05.014

M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 19 

[76] Pancewicz SA, Zajkowska JM, Swierzbinska R, Kondrusik M, Grygorczuk SS, Hermanowska-Szpakowicz 529 

T. [Should ticks be regarded as a tularemia vector in habitants of North-Eastern Poland?]. Med Pr 2004;55:189–530 

92. 531 

[77] Deutz A, Fuchs K, Nowotny N, et al. [Sero-epidemiological studies of zoonotic infections in hunters - 532 

comparative analysis with veterinarians, farmers, and abattoir workers]. Wien Klin Wochenschr 2003;115 Suppl 533 

3:61–7. 534 

[78] Vaissaire J, Mendy C, Le Doujet C, Le Coustumier A. La tularémie. [Tularemia. The disease and its 535 

epidemiology in France]. Med Mal Infect 2005;35:273–80. 536 

[79] Reis C, Cote M, Paul RE, Bonnet S. Questing ticks in suburban forest are infected by at least six tick-borne 537 

pathogens. Vector Borne Zoonotic Dis 2011;11:907–16.  538 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Rigaud, E. (Auteur de correspondance), Jaulhac, B., Garcia-Bonnet, N., Hunfeld, K. -P.,

Femenia, F., Huet, D., Goulvestre, C., Vaillant, V., Deffontaines, G., Abadia-Benoist, G. (2016).
Seroprevalence of seven pathogens transmitted by the Ixodes ricinus tick in forestry workers in

France. Clinical Microbiology and Infection, 22 (8), 1-27.  DOI : 10.1016/j.cmi.2016.05.014

M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Table 1 Description of subjects included in the study according to region of residence, North-Eastern France, 

2003 

 

TOTAL 

Region of residencea 

 
Alsace Lorraine 

Champagne

-Ardenne 
Bourgogne 

Franche-

Comté 

Participation rate 54.5% 56.6% 52.6% 58.4% 46.0% 59.7% 

Number included 2,975 636 885 485 400 554 

Age (years)       

Mean 42.0 43.3 41.9 40.4 41.8 40.6 

Median 43.0 44.0 43.0 41.0 42.5 42.0 

Minimum 17.0 18.0 18.0 18.0 18.0 17.0 

Maximum 81.0 68.0 77.0 73.0 68.0 81.0 

       

Age-group (years)       

<35 years 761 118 (18.5%) 201 (22.7%) 157 (32.4%) 113 (28.2%) 164 (29.6%) 

[35-44] years 915 202 (31.8%) 290 (32.8%) 142 (29.3%) 112 (28.0%) 167 (30.1%) 

[45-54] years 961 243 (38.2%) 303 (34.2%) 137 (28.2%) 124 (31.0%) 151 (27.3%) 

>55 years 338 73 (11.5%) 91 (10.3%) 49 (10.1%) 51 (12.8%) 72 (13.0%) 

       

Occupation       

Woodcutter 1145 (38.5%) 406 (63.8%) 330 (37.3%) 145 (29.9%) 122 (30.5%) 138 (24.9%) 

Silviculturist 715 (24.0%) 100 (15.7%) 192 (21.7%) 138 (28.4%) 138 (34.5%) 145 (26.2%) 

Rangers 347 (11.7%) 52 (8.2%) 73 (8.2%) 95 (19.6%) 77 (19.2%) 47 (8.5%) 

Other (machinery operators...) 221 (7.4%) 38 (6.0%) 47 (5.3%) 49 (10.1%) 39 (9.8%) 43 (7.7%) 

Multiple activities 547 (18.4%) 40 (6.3%) 243 (27.5%) 58 (12.0%) 24 (6.0%) 181 (32.7%) 

a15 subjects worked in these regions, but lived outside of this zone. 
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Table 2 Prevalence of anti-B. burgdorferi, anti-TBEV, anti-A. phagocytophilum, anti-Babesia, anti-F. tularensis, 

anti-B. henselae antibodies in occupationally exposed workers in North-Eastern France according to occupation 

and region of residence, 2003 

 
B. burgdorferi sl TBEV A. phagocytophilum 

B. microti, 

B. divergens 
B. henselae F. tularensis 

 n (%) n (%) n (%) n (%) n (%) n (%) 

Occupation             

Woodcutter 200 (17.5) 27 (2.4) 23 (2.1) 5 (1.5) 21 (1.9) 50 (4.5) 

Silviculturist 106 (14.8) 20 (2.8) 11 (1.76) 9 (4.1) 7 (1.0) 63 (9.2) 

Ranger 26 (7.5) 6 (1.7) 4 (1.2) 2 (3.2) 9 (2.6) 8 (2.3) 

Other (machinery operators...) 18 (8.2) 2 (0.9) 1 (0.5) 1 (2.2) 3 (1.4) 10 (4.6) 

Multiple activities 69 (12.6) 13 (2.4) 11 (2.1) 4 (2.7) 8 (1.5) 33 (6.3) 

TOTAL 419 (14.1) 68 (2.3) 50 (1.7) 21 (2.6) 48 (1.7) 164 (5.7) 

Region of residence             

Alsace 171 (26.9) 20 (3.2) 16 (2.6) 6 (2.5) 13 (2.1) 22 (3.6) 

Lorraine 146 (16.5) 20 (2.3) 11 (1.3) 8 (3.2) 14 (1.6) 31 (3.6) 

Champagne-Ardenne 40 (8.2) 8 (1.7) 7 (1.4) 4 (3.1) 15 (3.1) 53 (11.2) 

Bourgogne 30 (7.5) 9 (2.3) 4 (1.0) 2 (2.7) 2 (0.5) 17 (4.3) 

Franche-Comté 31 (5.6) 10 (1.8) 12 (2.3) 1 (0.9) 4 (0.8) 40 (7.9) 

TOTAL 418 (14.1) 67 (2.3) 50 (1.7) 21 (2.6) 48 (1.6) 163 (5.7) 
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Table 3 Odds ratios of anti-B. burgdorferi antibody prevalence in occupationally exposed workers in North-

Eastern France, adjusted for age, occupation and region of residence, 2003 

  Anti-B. burgdorferi sl IgG 

 TOTAL Seropositive (%) AORa (95%CI) p 

Age-group     

< 35 years 761 31 (4.1) 1  

[35-44] years 915 114 (12.5) 2.97 [1.96-4.50] < 10-4 

[45-54] years 961 189 (19.7) 5.00 [3.35-7.45] < 10-4 

>55 years 338 85 (25.1) 8.02 [5.13-12.54] < 10-4 

Occupation     

Other (machinery operators...) 242 18 (8.2) 1  

Woodcutter 1145 200 (17.5) 2.00 [1.19-3.39] 0.0093 

Silviculturist 715 106 (14.8) 2.22 [1.29-3.82] 0.0038 

Ranger 347 26 (7.5) 1.02 [0.53-1.94] 0.9620 

Multiple activities 526 69 (12.6) 2.12 [1.20-3.76] 0.0098 

Region of residence     

Franche-Comté 554 31 (5.6) 1  

Alsace 636 171 (26.9) 6.08 [3.98-9.28] < 10-4 

Lorraine 885 146 (16.5) 3.28 [2.17-4.95] < 10-4 

Champagne-Ardenne 485 40 (8.2) 1.76 [1.07-2.89] 0.0261 

Bourgogne 400 30 (7.5) 1.46 [0.86-2.49] 0.1644 

a odds ratio adjusted for age-group, occupation and region of residence 
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Table 4 Odds ratios of anti-F. tularensis antibody prevalence in occupationally exposed workers in North-

Eastern France, adjusted for age, occupation and region of residence, 2003 

  Anti-F. tularensis IgG 

 TOTAL Seropositive (%) AORa (95%CI) p 

Age-group     

< 35 years 733 34 (4.6) 1  

[35-44] years 893 56 (6.3) 1.42 [0.91-2.22] 0.1243 

[45-54] years 925 57 (6.2) 1.51 [0.96-2.35] 0.0721 

>55 years 324 17 (5.2) 1.20 [0.65-2.21] 0.5532 

Occupation     

Other (machinery operators...) 217 10 (4.6) 1  

Woodcutter 1109 50 (4.5) 1.37 [0.65-2.87] 0.4033 

Silviculturist 684 63 (9.2) 2.47 [1.20-5.10] 0.0142 

Ranger 343 8 (2.3) 0.54 [0.20-1.43] 0.2172 

Multiple activities 522 33 (6.3) 1.79 [0.83-3.87] 0.1398 

Region of residence     

Lorraine 873 31 (3.6) 1  

Alsace 629 22 (3.6) 1.09 [0.61-1.92] 0.7796 

Champagne-Ardenne 474 53 (11.2) 3.82 [2.39-6.12] < 10-4 

Bourgogne 396 17 (4.3) 1.29 [0.70-2.40] 0.4141 

Franche-Comté 547 40 (7.9) 2.29 [1.40-3.72] 0.0009 

a odds ratio adjusted for age-group, occupation and region of residence 
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Fig. 2 Prevalence of tick-borne pathogens antibodies in occupationally exposed workers in North-Eastern France by age-
group, with 95% confidence intervals, 2003 (a anti-B. burgdorferi antibodies , b anti-TBEV antibodies, c anti- A. 
phagocytophilum antibodies, d anti-F. tularensis  antibodies, e anti-B. henselae  antibodies, f anti-Babesia  antibodies)
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Fig. 3 Seropositivities for different pathogens among 2,908 subjects analysed for B. burgdorferi sl, TBEV, A. 

phagocytophilum , B. henselae  and F. tularensis

Bo : Borrelia burgdorferi  sl, Ana : Anaplasma phagocytophilum , 

Bar : Bartonella henselae , Fran : Francisella tularensis 
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