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Feral pigeons living in urban areas can harbor many pathogens 
that are infectious to humans and thus might pose a public health 
risk (1). This includes Campylobacter spp. and Salmonella spp., which 
are associated with severe acute gastroenteritis in humans, and 
Coxiella burnetii, the causal agent of “Q fever” in humans. Virulent 
strains of avian paramyxovirus type 1 (APMV-1), responsible for 
Newcastle disease, can also be found in pigeons mostly constituting 
a threat to domestic poultry flocks (2). However, in humans, infection 
due to this virus has been reported in laboratory or farm workers, 
causing a self-limiting acute conjunctivitis. In 2007, a lethal case of 
pneumonia was attributed to this infection in a human patient with 
an underlying medical condition (3). This study was conducted in 

the city of Montreal, Quebec, to estimate the prevalence of feral 
pigeons infected with Coxiella burnetii, Campylobacter spp., Salmonella 
spp., and Newcastle disease virus, and to describe pigeon character-
istics associated with infection.

Public sites located in Montreal where pigeons usually gathered 
and were accessible for research purposes were visited. Sites were 
selected if they sheltered at least 10 pigeons at the time of the visit 
and were located at least 1 km (Euclidean distance) from other sam-
pled sites. The target sample size was 20 pigeons per site, for a total 
of 10 sites. This was calculated to get a total sample of 200 pigeons, 
which enabled the detection of infection in at least 1 pigeon at a 95% 
confidence level assuming an overall prevalence of at least 1.5%. In 
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A b s t r a c t
Feral pigeons (Columbia livia) can harbor a range of zoonotic pathogens. A transversal study was undertaken to estimate the 
prevalence of feral pigeons infected by various pathogens in public areas in Montreal, Quebec. Cloacal swabs from captured 
birds were cultured for Salmonella spp. and Campylobacter spp. and tested by real-time polymerase chain reaction (RT-PCR) for 
the detection of Coxiella burnetii. An oropharyngeal swab was also submitted to real-time reverse-transcription polymerase 
chain reaction (RRT-PCR) for the detection of Newcastle disease virus. Among the 187 pigeons tested from 10 public areas, 9.1% 
(95% CI: 3.0 to 15.2) were positive for Campylobacter spp. with all strains identified as Campylobacter jejuni. The Campylobacter status 
of birds was not associated with individual characteristics of birds, with the exception of body score. None of the pigeons tested 
positive for the other pathogens. Direct or indirect contacts with feral pigeons may constitute a potential risk for Campylobacter 
infection in humans.

R é s u m é
Les pigeons sauvages (Columbia livia) peuvent être porteurs d’une variété d’agents pathogènes zoonotiques. Une étude transversale a été 
réalisée dans le but d’estimer la prévalence de pigeons sauvages infectés par différents agents pathogènes dans des aires publiques de la ville 
de Montréal, Québec (Canada). Des écouvillons cloacaux d’oiseaux capturés ont été cultivés pour Salmonella spp. et Campylobacter 
spp. et testés par une réaction en chaîne par polymérase en temps réel (RT-PCR) pour la détection de Coxiella burnetii. Des écouvillons 
oropharyngés ont également été testés par une réaction en chaîne par polymérase en temps réel après transcription inverse (RRT-PCR) 
pour la détection du virus de la maladie de Newcastle. Parmi les 187 pigeons testés provenant de 10 aires publiques, 9,1 % (IC 95 % : 
3,0–15,2) étaient positifs à Campylobacter spp.; toutes les souches ont été identifiées en tant que Campylobacter jejuni. L’infection par 
Campylobacter n’était pas associée aux caractéristiques individuelles des oiseaux, à l’exception de l’état de chair. Aucun pigeon n’était 
positif aux autres agents pathogènes. Le contact direct ou indirect avec des pigeons sauvages peut représenter un risque potentiel pour les 
infections à Campylobacter jejuni chez l’humain.
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the absence of prior information, no clustering effect by site of cap-
ture was assumed in the estimation of the sample size. Pigeons were 
baited with crushed corn and bread, and captured using a nylon 
net, a cage with a unidirectional door, or a single-catch closing net 
bird trap. Pigeons were kept in a cage for the time of data collection 
(# 1 h) and then released. They were tagged with a site-specific 
color leg ring. Age was determined by iris and cere color (4). The 
color morph was noted. Body score was estimated by palpating the 
protuberance and development of the breast muscles alongside the 
ventral ridge of the keel using a scoring system from 1 (very thin) to 
5 (very fat). Pigeons were weighed and each metatarsus was mea-
sured in triplicate. Dehydration state was evaluated based on the 
presence of filaments while opening the beak. External lesions were 
noted. Two cloacal samples and 1 oropharyngeal sample were taken 
using sterile swabs. One of the cloacal swabs was placed in a collec-
tion and transport device (BBLTM CultureSwabTM Stuart Medium; 
Becton, Dickinson and Company, Franklin Lakes, New Jersey, USA) 
for culture. The oropharyngeal swabs were transferred to 2.5 mL of 
viral transport media (GIBCO® Hank’s balanced salt solution with 
glycerol and antimicrobials; Thermo Fisher Scientific, Waltham,  
Massachusetts, USA). Swabs were sent on ice to the laboratory 
within 24 h of collection. All procedures were approved by the Ethics 
boards of the University of Montreal.

For Campylobacter detection, cloacal samples were plated on a 
Campylobacter CVA (cefoperazone, vancomycin, and amphotericin B) 
agar with 5% sheep blood (Bio-Media Unlimited, Woodbridge, 
Ontario) and incubated at 42 6 1°C in a microaerobic atmosphere 
for 48 to 96 h. Curved Gram-negative rods on Gram stain were 
subcultured and identified using routine biochemical testing (5). 
For Salmonella, cloacal swabs were plated directly on brilliant green 
with novobiocin agar and on xylose-lysine-tergitol 4 agar (Bio-Media 
Unlimited) and incubated at 35 6 1°C for 18 to 24 h. In addition, 
tetrathionate broth (Bio-Media Unlimited) was used as an enrich-
ment broth, incubated at 42 6 1°C for 20 to 24 h and subcultured on 
brilliant green with novobiocin agar and on xylose-lysine-tergitol 
4 agar. Colonies resembling Salmonella spp. were submitted to 
additional standard biochemical tests (5). For Coxiella burnetii, a 
real-time polymerase chain reaction (RT-PCR) was done on cloacal 
samples as previously described (6). Oropharyngeal swabs were 
tested for Newcastle matrix gene using the detection of avian para-
myxovirus type I (APMV-1) by Matrix and Fusion real-time reverse 
transcription polymerase chain reaction (RRT-PCR) assay [National 
Centre for Foreign Animal Disease (NCFAD) part of the Canadian 
Food Inspection Agency], based on the USDA-validated M-gene 
assay protocol (7). All samples yielding non-negative results were 
forwarded to NCFAD for confirmatory testing. The assay is capable 
of detecting APMV-1 (class II genotype 1, 2, 3, 4, and 5) subtypes. 
It does not detect wildlife class I genotype 6, APMV-2 to APMV-4 
or APMV-7 types.

Prevalence of positive pigeons with 95% confidence intervals 
(95% CI) was estimated for each pathogen and adjusted for site 
clustering and sampling probabilities using computer software (SAS 
software, version 9.3; SAS Institute, Cary, North Carolina, USA). 
When all samples were negative for a given pathogen, the maximal 
possible prevalence in the population at a 95% CI was estimated 
using computer software (Winepiscope, version 2.0.; Epidecon, 

http://www.clive.ed.ac.uk/winepiscope). Individual characteristics 
of pigeons (Table I) associated with the infection status were only 
investigated for Campylobacter as it was the only pathogen detected. 

Table I. Characteristics of 187 pigeons captured in public sites 
in Montreal, Quebec, according to Campylobacter status, 
between June and July 2011

 Number of Campylobacter-positive  
Characteristics pigeons/total number of pigeons (%)
Age
 Adult 14/167 (8.4)
 In between 2/14 (14.3)
 Juvenile 1/6 (16.7)

Color
 Black 2/29 (6.9)
 Blue-bar 0/22 (0.0)
 Checker 9/86 (10.5)
 Pied 6/50 (12.0)

Hydration status
 Normal 15/160 (9.4)
 Dehydration 2/27 (7.4)

Body score indexa,b

 # 1.5 7/64 (10.9)
 2 3/78 (3.9)
 2.5 3/33 (9.1)
 $ 3 4/12 (33.3)

Body condition indexb,c

 # 8.3 8/46 (17.4)
 8.4–9.2 5/47 (10.6)
 9.3–10.1 2/47 (4.3)
 $ 10.2 2/47 (4.3)

Metatarsus measure (mm)b

 # 32.8 3/44 (6.8)
 32.9–34.3 6/53 (11.3)
 34.3–35.4 4/46 (8.7)
 $ 35.5 4/44 (9.1)

Presence of visible pathology
 Absence 15/152 (9.9)
 Active diseased 1/11 (9.1)
 Chronic diseasee 1/24 (4.2)
a Using a scoring system from 1 (very thin) to 5 (very fat) based on 
palpation of the protuberance of the keel, development of the breast 
muscles immediately alongside the ventral ridge of the keel, and 
convexity or concavity of the breast muscle contour.
b  Categorization was done according to quartiles.
c  Estimated as the weight in grams divided by the average 
metatarsus measures.
d  Including ruffled/dirty feathers (n = 6), injury of the eye (n = 2), 
irritated skin with missing feathers (n = 2), injured wing (n = 1).
e  Including missing toes (n = 9), entanglement of toes with wire 
(n = 5), deformity of the wishbone (n = 3), induration on the leg 
(n = 3), crusted beak (n = 3), scar (hole) on the leg (n = 1).
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A multivariable logistic regression model with pigeon status (posi-
tive, negative) as the outcome was built (SAS, version 9.3; SAS 
Institute) using the Glimmix procedure with Laplace estimation, 
including characteristics of pigeons as fixed effects and the site as a 
random effect. Variables were selected using a backward procedure 
with a P . 0.05 (type 3 analysis, i.e., variable as a whole) as criterion 
for rejection; however, variables were kept in the model as potential 
confounders if their removal led to more than 30% change in the 

coefficient of other statistically significant variables in the model. 
The normality of residuals at the site level was evaluated visually. 
The Hosmer and Lemeshow goodness-of-fit test was also done on 
the final model (without the random effect).

A total of 187 feral pigeons were captured in 10 different pub-
lic areas of Montreal between June 2nd 2011 and July 19th 2011. 
Characteristics of pigeons are presented in Tables I and II. The 
geographical distribution and characteristics of the 10 sampling 

Table II. Descriptive statisticsa of morphometric measures of 187 pigeons captured in 
public sites in Montreal, Quebec, between June and July 2011

   Standard 
 Mean Median deviation Minimum Maximum
Body weight (g) 312 313 50 142 455
Tarsus length (mm) 34 34 2.0 29 41
Body condition index (g/mm) 9.1 9.2 1.4 4.2 12.3
a Data were normally distributed according to visual assessment apart from a slight skew to the 
right for the tarsus length and a slight skew to the left for the tarsus length and body condition 
index.

Figure 1. Geographical distribution of sites according to the proportion of Campylobacter jejuni positive birds by sites, Montreal, Quebec, between 
June and July 2011.
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sites is shown in Figure 1. Between 25 and 50 pigeons per site were 
observed at the time of selection, with an average of 39. None of 
the pigeons initially captured in one specific site were observed or 
recaptured in another site.

Campylobacter spp. was isolated from 17 out of the 187 pigeons 
tested, with all isolates identified as Campylobacter jejuni. This 
gives a prevalence estimate of Campylobacter-positive pigeons of 
9.1% (95% CI: 3.0 to 15.2). At least one pigeon that tested positive 
for Campylobacter spp. was found in 7 of the 10 sites. The preva-
lence in positive sites ranged from 5% to 24% (average of 13%). 
Only the body score was statistically significantly associated with 
Campylobacter status (P = 0.03). Post-hoc analysis with Bonferroni 
adjustment showed that pigeons with body scores $ 3 were more at 
risk of being Campylobacter positive compared to pigeons with body 
score of 2 [odds ratio (OR) = 12.5 (95% CI with Bonferroni adjust-
ment: 1.3 to 125), P = 0.02]. No evidence of confounding or collinera-
ity was observed during model building based on observation of 
coefficient estimates and standard errors. Clustering at the site level 
was negligible (covariance parameter estimate = 0.03 with standard 
error = 0.25). The model adequately fitted the data based on visual 
inspection of residuals and Hosmer and Lemeshow test (P = 1.00). 
None of the 187 pigeons was positive for Salmonella spp., Coxiella 
burnetii, or APMV-1. This gives a maximal possible prevalence in the 
population of 1.6% at a 95% confidence level for those 3 pathogens.

Evidence of natural infection for Salmonella spp., Coxiella burnetii, 
and Newcastle disease virus in feral pigeons has been previously 
reported (8–10). The absence of Salmonella spp. or Coxiella burnetii 
could be explained by the fact that the sampled sites were not near 
farms, which have been considered a likely source of these infections 
in pigeons (9,11). In Canada, Newcastle disease virus infection was 
previously diagnosed in feral pigeons from Ontario (12). Clinical signs 
compatible with this infection were not observed in the study; however, 
not all strains of the virus are virulent for pigeons. Most of the previ-
ous reports of avian paramyxovirus infection in pigeons involved the 
type 1 (i.e., Newcastle disease virus). Type 7, which is apathogenic for 
Columbidae, has also been reported (13) but was not tested in this study.

Campylobacter jejuni was detected in 9.1% of pigeons. A potential 
source of contamination could be the consumption of different types 
of food, including sealed garbage bags, as previously reported in 
pigeons in Montreal (11,14). Pigeons could also be contaminated 
through droppings of other wild bird species. In fact, within many 
bird species, apparently healthy individuals are frequent carriers of 
Campylobacter spp, including ring-billed gulls (Larus delawarensis) 
(15,16). Environmental water, as well as cat and dog feces, could 
also represent a source of infection (17). In Montreal, pigeons were 
reported to limit their movements within a small area, with very 
little mixing between groups (18). This is congruent with our obser-
vation that none of the pigeons initially captured was observed or 
recaptured in another site, and suggestive of a local source of bird 
contamination with Campylobacter spp. As a study limitation, our 
prevalence estimate might not be valid for other periods of the 
year, as seasonal variations in the prevalence of Campylobacter car-
riage in urban wild birds, including pigeons, were reported in other 
countries (19,20).

The age and morphological characteristics of individual pigeons 
was not significantly associated with the Campylobacter jejuni status, 

as previously reported (19). However, pigeons with higher body 
score index ($ 3) were more at risk of infection. This association 
might be driven by healthier or dominant pigeons having access to a 
larger variety of food sources. As well, Campylobacter jejuni infection 
was not associated with any indicator of poor health status, substan-
tiating the hypothesis that pigeons are asymptomatic reservoirs of 
the bacteria (19).

Presence of Campylobacter jejuni in urban pigeons constitutes a 
potential risk for human health, as environmental exposure to bird 
droppings is a consistent risk factor for human campylobacteriosis 
(21). Many sites investigated were occupied by homeless people 
and some of them were feeding pigeons with their hands. They may 
constitute a high-risk population due to poor health status, lower 
access to hand-washing facilities, and higher rates of infection by 
immunosuppressive diseases (22). Children playing outside are also 
particularly at risk of such environmental transmission. In conclu-
sion, direct or indirect exposure to feral pigeons should be consid-
ered as a potential source for campylobacteriosis in urban areas.
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