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The Cree communities of James Bay are at risk for contracting infec-
tious diseases transmitted by wildlife. Data from serological testing for 
a range of zoonotic infections performed in the general population (six  
communities), or trappers and their spouses (one community), were 
abstracted from four population-based studies conducted in Cree terri-
tory (Quebec) between 2005 and 2009. Evidence of exposure to 
Trichinella species, Toxoplasma gondii, Toxocara canis, Echinococcus 
granulosus, Leptospira species, Coxiella burnetii and Francisella tularensis 
was verified in all communities, whereas antibodies against Sin 
Nombre virus and California serogroup viruses (Jamestown Canyon 
and snowshoe hare viruses) were evaluated in three and six communi-
ties, respectively. Seroprevalence varied widely among communities: 
snowshoe hare virus (1% to 42%), F tularensis (14% to 37%), 
Leptospira species (10% to 27%), Jamestown Canyon virus (9% to 
24%), C burnetii (0% to 18%), T gondii (4% to 12%), T canis (0% to 
10%), E granulosus (0% to 4%) and Trichinella species (0% to 1%). No 
subject had serological evidence of Sin Nombre virus exposure. These 
data suggest that large proportions of the Cree population have been 
exposed to at least one of the targeted zoonotic agents. The Cree 
population, particularly those most heavily exposed to fauna, as well as 
the medical staff living in these regions, should be aware of these dis-
eases. Greater awareness would not only help to decrease exposures 
but would also increase the chance of appropriate diagnostic testing.
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Un aperçu de la séroprévalence des zoonoses dans 
les communautés du territoire cri de la Baie James

Les communautés cries de la Baie James sont vulnérables aux maladies 
infectieuses transmises par les animaux sauvages. Les données tirées 
des tests sérologiques sur une série de zoonoses effectués dans la popu-
lation générale (six communautés) ou chez les trappeurs et leur con-
jointe (une communauté) ont été extraites de quatre études en 
population menées en territoire cri, au Québec, entre 2005 et 2009. 
Les manifestations d’exposition aux espèces de Trichinella, au 
Toxoplasma gondii, au Toxocara canis, à l’Echinococcus granulosus, aux 
espèces de Leptospira, au Coxiella burnetii et au Francisella tularensis ont 
été vérifiées dans toutes les communautés, tandis que les anticorps 
contre le virus Sin Nombre et les virus du sérogroupe Californie (virus 
Jamestown Canyon et snowshoe hare) ont été évalués dans trois et six 
communautés, respectivement. La séroprévalence variait considérable-
ment selon les communautés, comme suit : virus snowshoe hare (1 % 
à 42 %), F tularensis (14 % à 37 %), espèces de Leptospira (10 % à 27 %), 
virus Jamestown Canyon (9 % à 24 %), C burnetii (0 % à 18 %), T gondii 
(4 % à 12 %), T canis (0 % à 10 %), E granulosus (0 % à 4 %) et 
espèces de Trichinella (0 % à 1 %). Aucun sujet n’avait de manifesta-
tion sérologique d’exposition au virus Sin Nombre. Ces données lais-
sent supposer que de fortes proportions de la population crie ont été 
exposées à au moins l’un des agents zoonotiques ciblés. La population 
crie, notamment les peuples les plus exposés aux animaux sauvages, 
ainsi que le personnel médical qui habite dans ces régions, devrait con-
naître ces maladies. Une meilleure sensibilisation contribuerait non 
seulement à réduire les expositions, mais accroîtrait également la pos-
sibilité de tests diagnostiques pertinents.
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The James Bay territory covers an area of 350,000 km2, extending 
from the 49th to the 55th parallel. This region is home to more 

than 12,000 indigenous Cree grouped into nine communities in 
northwestern Quebec (Figure 1). The traditional eating habits of the 
Cree are based on everything that nature offers in their territory 
including a range of game meats, fish and wild berries. However, their 
dietary regimen has changed dramatically over the past 25 years, 
driven in large part by the development of hydroelectric power gen-
eration systems and other northern development activities. The diet 
of the Cree population now includes an increasing proportion of 
store-bought foods (1,2). Despite this, they remain attached to their 
traditional practices of hunting, fishing and trapping. These 

activities keep them in close contact with wildlife and expose them 
to potential risks of zoonotic diseases.

Zoonoses are an important public health concern. It has recently 
been estimated that 75% of emerging infectious diseases in humans 
over the past 10 years were caused by pathogens from animals or ani-
mal products (3). Thus, it is prudent to periodically monitor the preva-
lence of some zoonotic pathogens in the Cree communities. The 
pathogens targeted for study were chosen based on the long-term per-
sistence of antibodies, permitting past infections to be documented 
along with known or likely epidemiological risk. Selection of the 
specific zoonoses was made in collaboration with Quebec public health 
authorities in the Cree territories.
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From 2005 to 2009, four different datasets were collected in seven 
Cree communities of Quebec. Some data from these studies have 
already been published (4-6) (Table 1). The main objective of the 
present study was to provide an overview of the seroprevalences of 
targeted zoonoses in these Cree communities.

METHODS
Data were collected on seven of the nine Cree communities in Quebec 
(Figure 1) at four different time points: Mistissini in 2005, Eastmain/
Wemindji in 2007, Chisasibi/Waskaganish in 2008 and Waswanipi/
Whapmagoostui in 2009. These studies were conducted in the setting 
of the “Nituuchischaayihtitaau Aschii Multi-Community Environment 
and Health Longitudinal Study in Iiyiyiu Aschii”, a survey designed to 
gather social and other information on a variety of themes, including 
zoonoses (7). With the exception of the Mistissini study (5), which  

focused on a voluntary sample of 50 hunters and their wives, study 
subjects in other investigations were randomly selected from the gen-
eral population based on the census lists of each community. The fol-
lowing age categories were considered: children between zero and 
seven years of age, children between eight and 14 years of age, teen-
agers and adults between 15 and 39 years of age and adults >40 years 
of age. Weights were assigned to each stratum to ensure adequate 
population representation (6,7). However, individuals ≥18 years of age 
were eligible for inclusion in the zoonoses study, except in Eastmain/
Wemindji where the age criterion was ≥15 years (4). The protocol of 
the “Nituuchischaayihtitaau Aschii Multi-Community Environment 
and Health Longitudinal Study in Iiyiyiu Aschii” was approved by the 
Research Committee of the Cree Board of Health and Social Services 
of James Bay and by the Ethics Committee of the Research Centre of 
Centre hospitalier universitaire de Québec (Quebec, Quebec).

The zoonoses targeted included three bacterial infections (Coxiella 
burnetii, Francisella tularensis and Leptospira species) and four parasitic 
infections (Echinococcus granulosus, Toxocara canis, Toxoplasma gondii 
and Trichinella species). The Sin Nombre virus was also targeted in 

Figure 1) Cree and Inuit communities of Quebec. Source: Graphics 
Services, Centre de recherche, Centre hospitalier universitaire de 
Québec, Quebec, Quebec

Table 1
Summary of zoonotic pathogens studied in Cree communities (2005–2009)

Pathogen

Waswanipi/Whapmagoostui 
2009

Chisasibi/Waskaganish* 

2008
eastmain/Wemindji† 

2007 Mistissini‡ 

2005Waswanipi Whapmagoostui Chisasibi Waskaganish eastmain Wemindji
Coxiella burnetii 1 1 0 0 0 0 0
Leptospira species 1 1 0 0 0 0 0
Francisella tularensis 1 1 0 0 0 0 0
Echinococcus granulosus 1 1 0 0 0 0 0
Toxocara canis 1 1 0 0 0 0 0
Toxoplasma gondii 1 1 0 0 0 0 0
Trichinella species 1 1 0 0 0 0 0
California serogroup§ 1 1 1 1 0 0 –
JC virus 1 1 1 1 0 0 –
SSH virus 1 1 1 1 0 0 –
Sin Nombre virus – – – – 0 0 0
*Data from reference 6; †Data from reference 4; ‡Data from reference 5; §Samples tested for snowshoe hare (SSH) and Jamestown Canyon (JC) viruses.1=new 
data; 0=data already published

Table 2
Criteria for the interpretation of serology analyses

Pathogens
Criteria

Negative equivocal Positive
Optical density
Trichinella species <0.25 ≥0.25 to <0.35 ≥0.35
Toxocara canis <0.25 ≥0.25 to <0.35 ≥0.35
Echinococcus granulosus <0.35 ≥0.35 to <0.45 ≥0.45
Sin Nombre virus (IgG/IgM): 

serum diluted 1:400
<0.30 ≥0.30 to <1.0 ≥1.0

IgG, IU/ml
Leptospira species <5 ≥5 to ≤9 >9
Coxiella burnetii <20 ≥20 to <30 ≥30
Toxoplasma gondii <2 ≥2 to <3 ≥3
Titres
Francisella tularensis <1/20 – ≥1/20
California serogroup* <1/20 – ≥1/20
*Serology for snowshoe hare and Jamestown Canyon viruses. These titres 
correspond to confirmatory serology (plaque reduction neutralization tests 
[PRNT]) on serum samples diluted 1:20 and greater; Immunuglobulin (Ig) G 
and IgM ELISAs were performed at serum dilutions of 1:400 as screening 
assays for Eastmain/Wemindji, and screening IgG ELISAs were performed for 
Chisasibi/Waskaganish. Only PRNT assays were performed to detect IgG/
neutralizing antibodies against California serogroup viruses in serum collected 
from residents of Waswanipi/Whapmagoostui
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three communities (Mistissini in 2005 and Eastmain/Wemindji in 
2007) along with two mosquito-borne bunyaviruses of the California 
serogroup (Jamestown Canyon [JC] and snowshoe hare [SSH] viruses) 
(8) in all communities (Eastmain/Wemindji in 2007, Chisasibi/
Waskaganish in 2008 and Waswanipi/Whapmagoostui in 2009) except 
Mistissini.

Immunoglobulin (Ig) G antibodies against Trichinella species, T canis, 
E granulosus (SCI Inc, USA), T gondii (AxSYM, Abbott Diagnostics, 
USA), Leptospira species and C burnetii (Virion\Serion, Serion 
Immundiagnostica GmbH, Germany) were detected using ELISA. 
Antibodies against F tularensis were detected using tube agglutination 
testing (9,10). For California serogroup viruses, in Eastmain/Wemindji, 
noncommercial Centers for Disease Control and Prevention-based 
ELISAs were undertaken to detect IgM and IgG (11). The presence of 
JC and SSH virus-specific antibodies in ELISA-positive samples was 
confirmed by plaque reduction neutralization tests (PRNT) (12). The 
same methods were used in Chisasibi/Waskaganish, but IgM was not 
tested. Finally, after protocol modification at the National 
Microbiology Laboratory, in Waswanipi/Whapmagoostui, only PRNT 
confirmatory serology was conducted immediately to detect IgG/
neutralizing antibodies against California serogroup viruses. Samples 
with PRNT titres ≥1:20 were deemed to be positive. In cases in which 
only PRNT was used (Waswanipi/Whapmagoostui) and a serum sample 
indicated a positive neutralizing titre for both JC and SSH viruses, the 
exposure was attributed to the virus with the highest titres, and the 
lower titres were considered to be indicative of cross-reactions. If PRNT 
titres ≥1:20 were found for both viruses, the subject was considered to be 
positive for the California serogroup, with unspecified viral type. 
Because IgG ELISAs were used to screen for California serogroup anti-
body in initial studies involving several of the communities, IgG ELISA 
was compared with PRNT (considered as the test of reference) for a 

subset of 60 samples (40 positive and 20 negative by PRNT) selected 
randomly from Waswanipi and Whapmagoostui (approximately equal 
numbers from each community) to determine the sensitivity and the 
specificity of IgG ELISA. Criteria for the interpretation of serological 
analyses are presented in Table 2.

Given the importance of timing in zoonoses, the seroprevalence 
data were stratified according to year of collection and community. 
The variable ‘zoonosis’ was created to describe positive results for any 
of the pathogens tested. The exact binomial 95% CIs (13) for the 
prevalence of exposure to the different pathogens along with the sensi-
tivity and specificity of IgG ELISA were calculated using SAS version 
9.2 (SAS Institute, USA).

RESULTS
For studies in which participants were selected from the general popula-
tion, percentage of participation of the total adult populations (≥18 years 
of age for all studies, except in Eastmain/Wemindji where the criterion 
was ≥15 years of age) ranged from 28.5% to 60.1% (57.5% in Eastmain, 
60.1% in Wemindji, 32.5% in Chisasibi, 31.1% in Waskaganish, 28.5% 
in Waswanipi and 39.4% in Whapmagoostui).

Table 3 presents the results of serological analyses and Table 4 
presents the seropositive individuals stratified according to the num-
ber of positive results for the different pathogens. Overall, participants 
who exhibited serological evidence of at least one zoonosis ranged 
from 42% in Wemindji to 82% in Waswanipi. Variations in seropreva-
lence were relatively high for the different pathogens, particularly for 
SSH virus (1% to 42%), F tularensis (14% to 37%), Leptospira species 
(10% to 27%), JC virus (9% to 24%), C burnetii (0% to 18%), T gondii 
(4% to 12%) and T canis (0% to 10%). Seroprevalences of <5% were 
observed for E granulosus (0% to 4%) and Trichinella species (0% to 
1%). In general, seroprevalences were lower for the parasitic zoonoses. 

Table 3
Seroprevalence of zoonoses in Cree communities

Waswanipi/Whapmagoostui 
2009

Chisasibi/Waskaganish 
2008

eastmain/Wemindji 
2007 Mistissini* 

2005 
(n=50)

Waswanipi 
(n=91)

Whapmagoostui 
(n=89)

Chisasibi 
(n=166)

Waskaganish 
(n=101)

eastmain 
(n=111)

Wemindji 
(n=140)

Coxiella burnetii 0 (0–4.0) 0 (0–4.1) 6 (2.5–10.2) 2 (0.2–7.0) 1 (0.02–4.9) 2 (0.5–6.2) 18 (8.6–31.4)
Leptospira species 10 (4.6–18.0) 19 (13.4–31.3) 27 (20.2–34.3) 16 (9.4–24.7) 21 (13.6–29.5) 25 (18.2–33.2) 14 (5.8–26.7)
Francisella tularensis 24 (15.8–34.3) 37 (27.1–48.0) 16 (10.6–22.4) 22 (14.3–31.4) 20 (12.9–28.5) 14 (9.1–21.5) 26 (16.0–43.5)
Echinococcus granulosus 4 (1.2–10.9) 3 (0.7–9.5) 1 (0.02–3.4) 1 (0.0–5.4) 4 (1.5–10.2) 3 (0.8–7.2) 0 (0–0.7.1)
Toxocara canis 6 (1.8–12.4) 0 (0–4.1) 1 (0.02–3.4) 10 (4.9–17.5) 5 (2.0–11.4) 1 (0.2–5.1) 4 (0.5–13.7)
Toxoplasma gondii 12 (6.2–20.6) 12 (6.3–21.0) 12 (7.7–18.3) 4 (1.1–9.9) 5 (2.0–11.4) 5 (2.0–10.0) 10 (3.3–21.8)
Trichinella species 0 (0–4.0) 1 (0.03–6.1) 0 (0–2.2) 0 (0–3.6) 0 (0–3.3) 1 (0.2–5.1) 0 (0–7.1)
California serogroup† 65 (54.1–74.6) 44 (33.7–55.3) 17 (11.1–23.0) 29 (20.2–38.6) 10 (5.1–17.0) 9 (5.0–15.4) –
JC virus 19 (11.3–28.2) 24 (15.4–34.1) 13 (8.6–19.6) 23 (15.0–32.2) 10 (3.8–14.8) 9 (4.5–14.5) –
SSH virus 42 (31.5–52.6) 14 (7.3–22.6) 3 (1.0–7.0) 6 (2.2–12.5) 3 (0.2–6.4) 1 (0.2–5.1) –
Sin Nombre virus – – – – 0 (0–3.3) 0 (0–2.6) 0 (0–7.1)
Zoonosis‡ 82 (73.0–89.6) 75 (65.0–83.8) 51 (45.4–60.7) 60 (55.6–74.4) 50 (40.8–60.1) 42 (34.1–51.1) 46 (31.4–60.8)
Data presented as % zoonoses (95% CI). *Sample of hunters and their wives; †Serology tested for snowshoe hare (SSH) and Jamestown Canyon (JC) viruses; 
‡Results positive for at least one of the pathogens tested

Table 4
Seropositive individuals stratified according to the number of positive results for the different pathogens in Cree communities

Frequency
Waswanipi 

(n=91)
Whapmagoostui 

(n=89)
Chisasibi 
(n=166)

Waskaganish 
(n=101)

eastmain 
(n=111)

Wemindji 
(n=140)

Mistissini 
(n=50)

One pathogen 45 (50) 36 (41) 53 (32) 45 (45) 40 (36) 38 (27) 20 (40)
Two pathogens 25 (28) 27 (30) 23 (14) 13 (13) 14 (13) 16 (11) 3 (6)
Three pathogens 5 (6) 4 (5) 9 (5) 3 (3) 2 (2) 4 (3) 0 (0)
Four or more  

pathogens
0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Total 75 (82) 67 (75) 85 (51) 61 (60) 56 (51) 59 (42) 23 (46)
Data presented as n (%)
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No subject showed serological evidence of Sin Nombre virus exposure 
in the three communities in which it was investigated.

Table 5 compares the IgG ELISA and PRNT results for detection 
of California serogroup virus antibody in sera from residents of 
Waswanipi/Whapmagoostui. Overall, in the sample of 60 participants, 
the California serogroup virus (JC + SSH) IgG ELISA had a sensitiv-
ity of 77.5% and a specificity of 100% when compared with PRNT 
assays used for the detection of antibody to these viruses.

DISCUSSION
Given the varying participation rates in these different studies, which 
can influence the external validity of results, comparisons between the 
documented prevalence should be interpreted with caution. 
Nevertheless, data from such studies can help to estimate the relative 
importance of the findings reported here, and we believe that the cur-
rent study provides a contemporary portrait of zoonotic infections in 
the Cree communities.

More than three-quarters of the total population studied were sero-
positive for at least one of the zoonotic organisms among participants 
from Waswanipi (82%) and Whapmagoostui (75%). The proportion 
in Waswanipi was higher than in other communities except 
Whapmagoostui. The proportion of the latter, in turn, was higher than 
Chisasibi, Eastmain, Wemindji and Mistissini. These high proportions 
in Waswanipi/Whapmagoostui were most likely related to the high 
prevalence of infection by California serogroup viruses (especially SSH) 
using PRNT, which is more sensitive than IgG ELISA. Based on the 
comparative data shown in Table 5, the JC IgG ELISA used was only 
slightly less sensitive than PRNT, while the SSH IgG ELISA would 
have missed approximately 30% of the positive samples. Overall, our 
initial IgG ELISA screening protocol may have missed approximately 
20% of positive California serogroup participants, making comparison of 
global seroprevalence difficult among the different studies. Even if the 
confidence intervals are wide (Table 5) due to the relatively small sam-
ple size, these results were obtained on a random sample representing 
one-third of the participants (60 of 180) of Waswanipi/Whapmagoostui. 
When the California serogroup viruses were excluded from the compu-
tation, 47% and 54% of the study participants tested positive for at least 
one pathogen in Waswanipi and Whapmagoostui, respectively. These 
results were more comparable with the results from other Cree 
communities.

Table 6 summarizes studied zoonotic pathogens along with informa-
tion on reservoirs and modes of transmission adapted for Canada and 
northern regions. Of the infections investigated in the present study, lep-
tospirosis, tularemia, Q fever, trichinellosis, Hantavirus infection and the 
encephalitis caused by arthropods are all notifiable diseases in Quebec. 
Even if the design of our survey does not allow for documentation of the 
clinical consequences of the infections investigated, our serological results 
suggest that many participants from the Cree communities under study 
had been exposed to one or more of these pathogens (Leptospira species, 
F tularensis, JC and SSH viruses, C burnetii and Trichinella species). 
However, not a single case of any of these infections had been reported 

from the Cree territories between 1990 and 2006 (14), indicating that 
these individuals had experienced few or no symptoms, had not sought 
care and/or had not been appropriately diagnosed.

Even when the methods for detecting California viruses were 
modified, the proportions of JC virus seroprevalence were comparable 
among studies, although the sample size was small. The higher preva-
lence in Whapmagoostui (24%) and Waskaganish (23%) suggests a 
more conducive environment for mosquitoes and/or deer. Evidence of 
exposure to SSH virus was particularly high in Waswanipi (42%). 
Seroprevalences were lower and comparable among other commun-
ities (range 1% to 14%). This latter difference is likely due, at least in 
part, to the diagnostic methods used in testing sera from residents of 
Waswanipi/Whapmagoostui (ie, higher sensitivity of PRNT versus 
IgG ELISA for SSH virus). Nevertheless, the overall seroprevalence of 
the California viruses in these communities appeared to be quite high, 
a finding consistent with previous studies showing significant sero-
prevalence of California serogroup viruses in other regions within 
North American (15,16).

Our findings suggest that exposures to F tularensis and Leptospira 
species are frequent in the Cree population. Seroprevalence for F tular-
ensis in Whapmagoostui was relatively high, particularly when com-
pared with the seroprevalence for this bacterium in Chisasibi and 
Wemindji. In Canada, contact with rabbits was the most common 
cause of human tularemia before the 1950s, while later, contact with 
the water-living muskrats grew in importance (17). Handling muskrats 
has also been associated with the seroprevalence of F tularensis in 
southern Quebec (18). Leptospira species seropositivity was compar-
able in all communities, although the proportions documented in 
Chisasibi (27%) and Wemindji (25%) were higher than that of 
Waswanipi, which had the lowest seroprevalence. Rodents and dogs 
are well-known vectors for Leptospira species (19,20). Although 
weaker, evidence of exposure to Leptospira species has also been 
reported in wolves in Alaska (USA) and the Yukon (21), and among 
bobcats and lynx in Quebec (22).

Exposure to C burnetii was high among the trappers of Mistissini. 
Although Waswanipi is geographically close to Mistissini (Figure 1), 
no antibodies against C burnetii were detected in the Waswanipi popu-
lation. Therefore, greater exposure of the Mistissini hunters to fauna 
probably explains the difference. Lévesque et al (17) noted a similar 
seroprevalence of C burnetii (15%) among both 165 trappers and an 
equal number of controls in the Quebec City area of southern Quebec, 
but the latter population was more exposed to domestic and farm ani-
mals, known vectors of bacterial infection (18).

The seroprevalences of T gondii were comparable in all commun-
ities, ranging from 4% to 12%. These figures are lower than the 59.8% 
recently reported in the population of Nunavik (23), and are even 
lower than or in the same range as those documented in several indus-
trialized countries (24,25). Whapmagoostui is located in the same area 
as the Inuit village of Kuujjuarapik (Figure 1), where seroprevalence 
was 87% (23), yet antibodies to T gondii were found in only 12% of 
Whapmagoostui residents. The difference in prevalence estimates 
between the Nunavik and Cree communities is most likely explained 
by different dietary and culinary habits. Inuit consume raw meat regu-
larly, which markedly increases their risk of exposure. Felids are known 
to be definitive host for T gondii. However, domestic or wild felids are 
rare in northern Quebec, particularly in Nunavik, which raises ques-
tions as to transmission mechanisms of the parasite in this region. 
Simon et al (26) provided evidence for marine environment involve-
ment in the transmission of T gondii.

The seroprevalence of the other parasites targeted in Cree com-
munities was relatively low. Globally, T canis seroprevalence was 
comparable among all sites; however, there were some differences. The 
proportion of individuals exposed to T canis was clearly higher in 
Waskaganish than in Chisasibi and Whapmagoostui. Dogs are the 
main reservoir of T canis (27-30); hence, the presence of stray village 
dogs may increase the risk of exposure. Overall, E granulosus and 
Trichinella species seroprevalences were generally below 5% in the 

Table 5
Immunoglobulin G (IgG) elISa sensitivity and specificity 
for detection of antibodies to California serogroup viruses

IgG elISa+ IgG elISa– Total
PRNT+ JC 18 3 21

SSH 13 6 19
PRNT– JC+SSH 0 20 20
Total 31 29 60
Jamestown Canyon (JC) virus IgG ELISA sensitivity: 18 of 21=85.7% (95% CI 
63.7 to 97.0). Snowshoe hare (SSH) virus IgG ELISA sensitivity: 13 of 
19=68.4% (95% CI 43.5 to 87.4). California serogroup virus: IgG ELISA sensi-
tivity (JC+SSH): 31 of 40=77.5% (95% CI 61.6 to 89.2); IgG ELISA specificity 
(JC+SSH): 20 of 20=100% (95% CI 83.2 to 100). – Negative; PRNT Plaque 
reduction neutralization test; + Positive
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Cree territories of Quebec. Although a recent study found a higher 
incidence for echinococcosis among individuals living north of the 
55th parallel (2.9 per million per year) (31), we could identify only a 
single published case in the literature among the Cree people in 
Quebec, from 1955 (32). A seroprevalence of 3% in a sample of hos-
pitalized Cree patients from several communities was reported by 
Tanner et al (33) during the 1980s, and Messier et al (34) have noted 
a relatively high seroprevalence (8%) among the Inuit of Nunavik. 
Antibodies against Trichinella species were not detected in the popula-
tions of Waswanipi, Chisasibi, Waskaganish or Mistissini. Only one 
and two seropositive subjects were identified in Whapmagoostui and 
Wemindji, respectively. These data indicate infrequent exposure to 
this parasite among the Cree.

CONCLUSION
The serological data assembled here strongly suggest that a large propor-
tion of the Cree population of Quebec has been exposed to at least one of 
the targeted zoonotic agents. The Cree, particularly inhabitants heavily 
exposed to fauna, as well as the medical staff living in these regions, should 
be aware of these diseases. Greater awareness would help to both decrease 
exposure and increase the chances of appropriate diagnostic testing.
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Table 6
Summary of studied zoonotic pathogens, with information on vectors and reservoir adapted for northern regions
Pathogen Distribution Reservoir Mode of transmission
Toxoplasma gondii Worldwide Felids (definitive host); other mammals 

(including marine mammals) and birds 
(intermediate hosts)

Consuming undercooked infected meat or oocysts from dirt and soil (children), 
ingesting water contaminated by oocysts, transplacental

Echinococcus  
granulosus

Worldwide rural 
areas

Canids (final host)
Intermediate host (moose/deer-sylvatic 

cycle)

Exposure to dog feces (hand-to-mouth transfer). Dogs shed eggs in feces after 
consuming internal organs of infected mammals

Toxocara canis Worldwide Dogs (definite host) Consuming eggs in contaminated soil (children), contact with dogs feces, 
contaminated material (eg, unwashed raw vegetables)

Trichinella species Worldwide Bears, walrus, pigs Ingestion of partially cooked or raw meat
Francisella tularensis Nothern 

hemisphere
Muskrats, rabbits, hares, voles, rodents, 

ticks
Inoculation of skin, conjunctival sac, oropharyngial mucosa by contaminated 

material, handling/ingesting insufficiently cooked meat, tick bites
Leptospira species Worldwide Wild or domestic animals: dogs, rats, 

raccoons, swine, cattle
Contact of the skin or mucous membranes with material contaminated by urine 

of infected animals, exposure to contaminated water through water sports
Coxiella burnetii Worldwide Sheeps, goats, cattle, cats, dogs, birds, 

wild mammals
Airborne dissemination from dust contaminated by placental tissues, birth fluids 

or excreta from infected animals.
Jamestown Canyon 

virus
North America Wild ungulates, especially white-tailed 

deer, and mosquitoes
Contact with infected mosquitoes

Snowshoe hare virus North America, 
Eastern Asia

 Wild mammals including snowshoe 
hares and mosquitoes

Contact with infected mosquitoes

Sin Nombre virus North America Deer mice (Peromyscus maniculatus)  Aerosolized deer mice excreta
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