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This study was undertaken to evaluate the prevalence of antibodies against Francisella tularensis, Coxiella
burnetii, and certain serovars of Leptospira interrogans among trappers in Québec, Canada. Muskrat trapping
was identified as a risk factor for F. tularensis infection, whereas having a cat at home apparently protected
trappers against infection by L. interrogans. High percentages of control sera were positive for antibodies
against C. burnetii (15%) and L. interrogans (5%), most frequently serovar bratislava. This is the first report of
human infection by serovar bratislava in North America.

Zoonoses are infectious diseases transmitted from animals
to humans. This study focused on three of these diseases which
are frequently associated with wildlife: tularemia, Q fever, and
leptospirosis.
Francisella tularensis is the agent responsible for tularemia.

In the United States tularemia is primarily transmitted by ticks
(31), but in Canada muskrats and rabbits are the main sources
of infection (21).
Q fever is caused by the rickettsia Coxiella burnetii. This

rickettsia has been found in many animal species, but those
most often associated with C. burnetii are cattle, sheep, goats
(1), and, as shown more recently, cats (10, 18, 19, 27).
Although often associated with sewer workers, leptospirosis

has been recently found among rafters (22). It is also an im-
portant pathogen in veterinary medicine because of its devas-
tating effects on farm animals. It infects a number of mammals,
particularly rats, livestock (pigs and cattle), dogs, and some
wild mammals (such as foxes, skunks, and raccoons) (9).
Trappers have been identified as a specific population at risk

for zoonoses (12, 16, 25). Because data on zoonotic risks in the
province of Québec, Canada, are scarce, we undertook an
epidemiologic study to compare the seroprevalences of anti-
bodies against the agents responsible for leptospirosis, Q fever,
and tularemia in trappers and controls from the general pop-
ulation. The research also aimed to identify risk factors asso-
ciated with seropositivity for these agents.
During the fall of 1992 and winter of 1992–1993, we re-

cruited volunteers from five regional trappers’ associations in
the Québec City area. Volunteers signed a consent form and
then provided blood samples and completed a questionnaire
that sought information on trapping experience (number of
years of trapping, species and quantity of animals trapped
during the last year, use of gloves when handling animals, and
wildlife consumption habits), medical history (episodes of bru-
cellosis, tularemia, leptospirosis, trichinosis, Q fever, meningi-
tis, or jaundice), occupational history possibly related to zoo-

noses (farm, butchery, or slaughterhouse work), and presence
of pets at home. Each subject seropositive for any of the three
bacteria investigated (F. tularensis, C. burnetii, and Leptospira
interrogans) was contacted by a physician to investigate symp-
toms suggestive of these infections. A serum sample from a
control subject matched for age, sex, and area of residence was
selected for each trapper. These anonymous, unlinked sera
were obtained from outpatients who had undergone lipid test-
ing. Controls were assumed to represent a valid sample of the
population, since testing for lipids is widely used and recom-
mended not only for patients but also for healthy individuals.
Antibodies against F. tularensis were detected by the stan-

dard latex agglutination test with BBL antigens. Testing was per-
formed at serum dilutions of 1:20 to 1:2,048. Reactions at dilu-
tions of 1:20 or greater are considered specific and significant.
An immunofluorescent antibody test was performed with the

C. burnetii phase II antigen prepared from the Nine Mile strain
(7). Sera to be tested were diluted in a phosphate-buffered
saline solution containing 3% normal yolk sac. The sera were
tested at a screening dilution of 1:64. Positive sera were titrated
to endpoint dilutions. A serum sample was considered positive
if at least 50% of the organisms fluoresced at the test dilution.
Leptospiral antibodies were detected by the microscopic ag-

glutination test (24). On the basis of studies of leptospirosis in
farm and domestic animals in Canada (13, 17), the L. interro-
gans serovars tested were bratislava, icterohaemorrhagiae,
grippo typhosa, hardjo, and pomona. Only titers of 1:50 and
greater were considered positive in order to avoid nonspe-
cific reactions (23).
The proportion of seropositive trappers was compared with

the proportion of seropositive controls. The seropositive trap-
pers were also compared with seronegative trappers with re-
gard to different risk factors. To determine which animals
could be involved in transmitting the diseases, we compared
the average number of animals of each species captured by
trappers who had antibodies with the average number of ani-
mals of each species caught by those who were seronegative.
Multivariate logistic regression was then used to assess con-
founding between data for different animal species. As the
results were not confounded, only results from univariate anal-
ysis are presented.
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A total of 165 trappers (157 men and 8 women) volunteered
for this study (Table 1). The medical histories documented by
the questionnaire were negative, except for three trappers who
reported a prior tularemia episode but were seronegative in
the study. The comparison of antibody prevalences in trappers
and controls showed no statistical difference between the two
groups for any of the three bacterial species (Table 2).
Among trappers, the proportion positive for antibodies to F.

tularensis was 2%, and there was no correlation between the
presence of antibodies and age, number of years of trapping,
use of gloves when skinning animals, or occupational history.
The only association found was with trapping of muskrats.
Antibodies against F. tularensis were found in 27% of trappers
(4 of 15) who caught 100 or more muskrats during the last
trapping season, whereas noF. tularensis antibodies were found in
150 trappers who caught fewer than 100 muskrats (P , 0.001).
As for C. burnetii, trappers and controls had the same per-

centage (15%) of seropositivity (Table 2), implying similar
risks of infection. No risk factors were associated with sero-
positivity among trappers.
Among the subjects positive for L. interrogans, only three

serovars were found: bratislava, icterohaemorrhagiae, and
hardjo (Table 2). The proportion of trappers with antibodies

against hardjo was higher than the proportion of controls with
such antibodies (P 5 0.06). The only risk factor significantly
associated with leptospirae was cat ownership. Owning a cat
seems to protect against infection by L. interrogans, since none
of 53 cat owners were seropositive but 15 of 112 trappers who
did not have a cat were seropositive (P 5 0.003).
Only three seropositive trappers reported symptoms com-

patible with any of the three zoonoses examined in this study
during the last 5 years. Two of them had antibodies against C.
burnetii and had been treated at home for pneumonia of un-
known origin, and one described an unusual, severe, flu-like
illness and was positive for L. interrogans serovar hardjo.
Of the agents investigated, F. tularensis is the one most often

linked with wildlife in the medical literature. In this study, even
though the rate of seropositivity for F. tularensis among trap-
pers was fourfold higher than the rate among controls, the
difference was not statistically significant. Many studies con-
ducted among trappers or North American natives have shown
higher seroprevalences ranging from 6 to 17% (11, 12, 21, 25,
26, 33). The lower seroprevalence found in this study may be
due to a low prevalence of tularemia in the wildlife of our
region or due to limited exposure, since most of the partici-
pants trapped only as a hobby. In previous studies, when in-
vestigators sought information on symptoms, they found that
most subjects were asymptomatic. As there are two types of F.
tularensis, this apparent absence of clinical signs could be re-
lated to infections mostly due to type B, the less virulent one
(15). The association found between the number of muskrats
trapped and tularemia supports findings of another study in
Canada (21). An epidemic among trappers in Vermont, near
the U.S.-Canada border, was also related to muskrats (34).
Tularemia may be more common than is currently thought,

but it may be restricted to populations in close contact with
wildlife. Physicians should be aware of the disease, particularly
with patients from native or rural communities who are ex-
posed to wildlife (21). Moreover, groups at risk (e.g., hunters
and trappers) should also be made aware of this disease, its
clinical features, its association with muskrats, and safe proce-
dures for handling dead animals.
In this study, the 15% rate of positivity for antibodies to the

agent of Q fever for both trappers and controls is of concern.
In Nova Scotia, C. burnetii was incriminated as the cause of
21.8% of 110 cases of acute pneumonia among patients admit-
ted to hospitals during a 1-year period (20).
In the province of Québec, Q fever is a reportable disease,

but only 14 cases were reported from 1989 to 1993 (10). The
very small number of cases reported is probably due to a lack
of diagnosis and to the limited availability of testing proce-
dures. An effort to inform physicians about the high prevalence
of the infection and to reinforce the importance of reporting
the disease to public health authorities should thus be made.
As for leptospiral antibodies, the proportions of seropositive

trappers and seropositive controls were not statistically differ-
ent except for serovar hardjo. The apparently increased risk of
infection by this serovar could be accounted for by contact with
wildlife. However, as cat ownership is shown to protect against
leptospiral infections, this relationship should be questioned.
Similar protection related to cats was also demonstrated by
Childs et al. (4). These authors suggest that cats probably
reduce human contact with rodents. It may also be the case
that carcasses or pelts of fur-bearing animals can attract ro-
dents, which would be the probable causal factor.
L. interrogans, the causal agent of leptospirosis in humans, is

known to have more than 200 serologic varieties (8). Serovar
icterohaemorrhagiae is the variety discussed most often be-
cause of the prevalence of leptospirosis among sewer workers.

TABLE 1. Epidemiologic characteristics of the 165 trappers studied

Parameter Valuea

Age (yrs) ....................................................................................... 406 12
Yrs of trapping experience ......................................................... 156 11
Number of animals trapped during the last yr
Rodents (beavers, muskrats, and squirrels).......................... 686 118
Mustelids (fishers, martens, mink, otters, and weasels)...... 136 25
Canids (coyotes, foxes, and wolves) ...................................... 176 29

Wearing of gloves while handling animals ............................... 69 (42)
Wildlife consumption ..................................................................139 (84)

Occupational history
Farm ..........................................................................................100 (61)
Slaughterhouse ......................................................................... 14 (8)
Butchery .................................................................................... 15 (9)

Pets at home during the last 5 yr
Cat.............................................................................................. 53 (32)
Dog ............................................................................................ 75 (45)
Other ......................................................................................... 21 (13)
a Trappers’ ages, years of trapping, and numbers of animals trapped are given

as means 6 standard deviations. Other values are numbers of trappers, with
percentages of the total number of trappers in the study given in parentheses.

TABLE 2. Prevalence of antibodies against L. interrogans,
C. burnetii, and F. tularensis among trappers and controls

Bacterium

No. (%) with antibodies to
bacterium

Pa
Trappers
(n 5 165)

Controls
(n 5 165)

C. burnetii 25 (15.1) 25 (15.1) 1.00
F. tularensis 4 (2.4) 1 (0.6) 0.18
L. interrogans serovars 15 (9.1) 8 (4.8) 0.13
bratislava 8 (4.8) 7 (4.2) 0.79
hardjo 6 (3.6) 1 (0.6) 0.06
icterohaemorrhagiae 1 (0.6) 0 (0.0) 1.00

a Statistical significance of differences between results for trappers and con-
trols was assessed by x2 or Fisher’s exact test.
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However, as a result of contamination of cattle, hardjo became
the major infecting serovar in Australia and in Great Britain,
and farmers have been identified as the main group at risk
(32). Moreover, it seems that leptospirae of the Australis se-
rogroup, which includes serovars bratislava, australis, and lora,
are now the main agents of human leptospirosis in Italy (2).
In 1984, members of this serogroup, particularly serovar
bratislava, were incriminated in a waterborne outbreak of lep-
tospirosis with a fatality rate of 8.6% (3).
In our study, antibodies against serovars hardjo and bratis-

lava were found in 21 of the 22 positive subjects. To our
knowledge, the 4 to 5% rate of positivity for serovar bratislava
found among both trappers and controls is the first finding of
this serovar in humans in North America. In Italy, the preva-
lence of leptospiral antibodies against at least 1 of 14 serovars
of L. interrogans was found to vary between 8 and 10% in
healthy people (2, 6). In those studies, one-third of the positive
subjects had antibodies against serovar bratislava. Serovars
hardjo and bratislava are not yet included in the serologic tests
used to confirm leptospirosis in humans in Canada (28). Data
on animal and human leptospirosis clearly justify the inclusion
of these two serovars in the diagnostic tests, since both bratis-
lava (3) and hardjo (32) can cause severe diseases.
In Canada, leptospirosis is not a reportable disease. From

1966 to 1989, between zero and seven cases per year were
reported across the country (28). Even though only one sero-
positive trapper reported symptoms suggestive of leptospirosis,
our data show that the prevalence of leptospiral antibodies
(4.8%) in our control population is probably in the same range
as in countries where the number of leptospirosis cases is
larger (5, 14, 29, 30, 32). In agreement with Mumford (22), we
believe that leptospirosis is underestimated and that this is
probably partly due to a misperception of the disease that limits
the degree of clinical suspicion of leptospirosis. The classical clin-
ical presentation with liver and renal failure in sewer workers
caused by serovar icterohaemorrhagiae is now an outdated
concept (22). Flu-like illness, pyrexia of unknown origin, and
aseptic meningitis are now the most frequent clinical manifes-
tations (22). Readily available laboratory tests are also neces-
sary to help clinicians deal with these nonspecific symptoms.
In conclusion, infections with F. tularensis seem to be related

to muskrat trapping, and ownership of cats appears to protect
against infection by L. interrogans. Human antibodies for L.
interrogans serovar bratislava, not previously found in North
America, were detected in this study. Furthermore, our data
suggest that infections by the agents of leptospirosis and Q
fever are probably more frequent than usually thought in
North America and that these bacteria should not be consid-
ered exotic or rare pathogens. Greater availability of diagnostic
tests, inclusion of these infections as reportable diseases, and
active surveillance are necessary to better evaluate and control
these two infections among the general population.

We are greatly indebted to Reine Roy and the staffs of the biochem-
istry laboratories of the Hôpital St-Sacrement, Hôtel-Dieu de Lévis,
Hôtel-Dieu de Montmagny, Centre hospitalier de Portneuf, and Cen-
tre hospitalier régional de la Beauce.
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