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Abstract
Background: Pathogens with the zoonotic potential to infect humans, such as Campylobacter jejuni, Campylobacter 
coli and Chlamydophila psittaci, can be found in feral pigeons (Columba livia). Given the high density of these birds in 
the public parks and gardens of most cities, they may pose a direct threat to public health.

Methods: A total of 118 pigeons were captured in three samplings carried out in 2006-2007 in public parks and 
gardens in Madrid, Spain. Standard haematological and morphological analyses were carried out on the pigeons. PCR 
was used to screen for the presence of Campylobacter jejuni, C. coli and Chlamydophila psittaci. Positive samples were 
confirmed by DNA sequencing.

Results: The analyses demonstrated a high prevalence of Chlamydophila psittaci (52.6%) and Campylobacter jejuni 
(69.1%) among the birds captured. In contrast, Campylobacter coli was rarely detected (1.1%).

Conclusions: Pigeons in Madrid can carry Chlamydophila psittaci and Campylobacter jejuni. They may be asymptomatic 
or subclinical carriers of both pathogens.

Background
Public parks and gardens are home to abundant popula-
tions of birds. One of the most frequent species is the
feral pigeon (Columba livia), which can be present at
densities higher than 2,000 individuals per km2, as in
Milan [1] or Barcelona [2]. Unfortunately no data are
available about pigeon densities in many other major cit-
ies, such as Madrid.

Although there are few reports of disease transmission
between pigeons and humans [3], their close interaction,
together with the observation that these birds are vectors
for zoonotic agents [4], may make them a public health
risk. In addition, recent work showed that pigeons can
cover a maximum distance of 5.29 km [5]; thus, they can
spread pathogens locally in their environment.

Thermophilic Campylobacter species, especially
Campylobacter jejuni and Campylobacter coli, are consid-
ered the primary pathogens responsible for acute diar-
rhea in the world [6]. In fact, in several countries - e.g.
England and Wales, Canada, Australia and New Zealand
- Campylobacter jejuni infection causes more cases of

acute diarrhea annually than do Salmonella spp. [7]. In
Spain an average of 3,500 cases of C. jejuni infection per
year has been reported for the period 1989-2001 [7].

In the US, as many as 15% of Campylobacter spp. infec-
tions may be attributable to contact with companion ani-
mals [8]. Reservoirs of Campylobacter spp. include a wide
range of mammals and birds. However, it remains unclear
whether synanthropic birds, in particular feral pigeons
(Columba livia), act as reservoirs of these pathogens.

Chlamydophila psittaci is considered the pathogen
most frequently carried by pigeons [9], the "B" serotype
the one most often found [9-11]. This serotype has been
shown to infect humans; for this reason, non-psittacine
birds are thought to be an underestimated source of
human chlamydiosis [12].

Campylobacter jejuni, C. coli and Chlamydophila psitt-
aci enter the environment in excrement and, in the case
of C. psittaci, via ocular and nasal secretions. Transmis-
sion to humans can occur by aerosols, direct contact or
indirect contact through food and water contamination.
To determine the extent to which pigeons might harbour
these pathogens and pose a risk to the human population,
we screened feral pigeons in Madrid for the presence of
several pathogens relevant to public health: Campy-
lobacter jejuni, C. coli and Chlamydophila psittaci.
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Methods
Birds
Over a 12-month period in 2006-2007, 118 adult feral
pigeons of both sexes were captured in several public
parks and gardens in Madrid, Spain. The birds were cap-
tured in order to evaluate their health status and their
potential role as vectors of zoonotic agents.

With permission from the corresponding city council
three different samplings using gun-propelled nets
[13]were carried out between November 2006 and
November of 2007: 62 individuals were captured in
November 2006, 27 in May 2007 and 29 in November
2007. All pigeons were ringed for identification in case
they were captured again in later samplings.

Pigeons were handled by trained staff, who acted
according to standard humane practice designed to mini-
mise stress.

Sample collection
Blood and cloacal content samples were extracted from
each individual. The blood samples were extracted by
puncture of the radial vein and were always taken before
morphometric measurements were made, in order to
prevent changes in haematological parameters due to the
stress induced by manipulation of the pigeon. Blood (0.5
ml) was extracted into tubes containing EDTA as antico-
agulant. Cloacal samples were obtained by introducing
0.5 ml of sterile DNAse- and RNAse-free phosphate-buff-
ered saline (PBS) into the cloaca, and then retrieving the
PBS together with the cloacal contents. The recovered
suspension was diluted with PBS to yield a final volume of
2 ml. All samples were transported to the lab under
refrigeration.

Morphological analysis
The following biometric data were recorded for each
pigeon: length of the wing cord, length of the tarsus and
weight. Two body condition indices were calculated
[14,15] (Table 1). The data obtained were compared with
the reference data of the Royal Alberta Museum http://
www.royalalbertamuseum.ca.

Haematological analysis
Packed cell volume (PCV) was determined using the
hematocrit method at 900 × G for five minutes. Blood
was diluted 1:200 with Natt and Herrick solution [16],
and red blood cell (RBC) and white blood cell (WBC)
counts were made within 24 hours after extraction. Dif-
ferential WBC counts were made by counting 200 WBCs
on Wright-stained smears within the first twelve hours
after extraction. Infestation with Haemoproteus sp. was
estimated by calculating the proportion of affected cells
in ten immersion fields (×1000) and multiplying this fig-
ure by the RBC count.

Etiological analysis
Conventional PCR to detect Chlamydophila psittaci was
carried out as previously described [17], using 200 μl of
cloacal enema.

To detect Campylobacter jejuni and C. coli, 700 μl of
cloacal enema were diluted 1:10 in Bolton medium and
incubated under microaerophilic conditions for 48 h at
39°C. Then, the bacteria were detected using multiplex
PCR as previously described [18].

Sequencing
PCR products were electrophoresed in 2% agarose gels
and stained with SYBR® Green. The specific bands were
excised and sequenced. Sequencing was done in triplicate
using an ABI Prism 3100 Sequencer (Applied Biosys-
tems). Sequenced products were compared with
sequences available in Genbank using BLAST http://
blast.ncbi.nlm.nih.gov/Blast.cgi.

Statistical analysis
Descriptive statistics (minimum, maximum, average,
median, and standard deviation) were calculated for the
parameters under study. Then chi-square tests were car-
ried out to measure the association between the presence
or absence of pathogens and the following independent
variables: "sampling", "morphological data" and "haema-
tological data". All statistical studies were conducted
using SPSS 15.0 software. When statistically significant
differences between seasons were found, correlation tests
were carried out separately for each season, since the
parameter "season" could be a confounding factor. For all
tests, statistical significance was defined as P < 0.05.

Results
Table 1 shows the results of the morphological analysis.
Eighty-five point two per cent of the pigeons captured in
November 2006, and 100% of the captured in May and
November 2007, weighted less than the reference weights
of the Royal Alberta Museum. On the other hand, most of
the individuals fit within the reference ranges for the var-
ious haematological parameters analysed [19] (Table 2).
However, the PCV was higher than the upper limit of the
normal range in 77% of the pigeons. Haemoproteus sp.
showed high prevalence (97%). The range of parasitic
infestation by Haemoproteus sp. was 0-17.2 ×105 para-
sites/μl.

The prevalences obtained for the three pathogens anal-
ysed are shown in Table 3. The prevalence of Campy-
lobacter jejuni and the mean load of Haemoproteus sp.
varied significantly across all three sampling times (Sta-
tistically significant differences among sampling time for
Haemoproteus sp.: November 2006- May 2007: p = 0.002;
May 2007- November 2007: p = 0.001; November 2006-
November 2007: p = 0.001). In contrast, the prevalence of
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Chlamydophila psittaci was similar in November 2006
and November 2007, though it showed a statistically sig-
nificant decrease in May 2007.

No significant associations between pathogen status
and morphological or haematological parameters were
found in both separately by month and sampling date and
all together analysis.

Discussion
Animals that live in close contact with humans can be
dangerous reservoirs of human pathogens. In this study,
we analyzed pigeons (Columba livia) captured in urban
areas in Madrid to determine the prevalence of three
pathogens known to cause disease in humans. Our results
show that two of the three pathogens were highly preva-
lent among the urban pigeons.

Table 1: Morphological results of feral pigeons (Columba livia) captured at three different times from public parks in 
Madrid (n = 118)

Wing length 
(mm)

Tarsus length 
(mm)

Body weight (g) BCI2 (g/cm)2 BCI3 (g/mm)3

This study 221.4
(200-237)

31.6
(27.2-36.3)

275,6
(168-385)

1.24
(0.76-1.86)

8.71
(5.36-11.53)

Ref4 228.1 
(225-238)

33.1 347.9 
(340-356)

1.55 10.15

1 Values are shown as means, with ranges given in brackets
2 Body condition index 1 (Weight/Wing length) [14].
3 Body condition index 2 (Weight/Tarsus length) [15].
4 Reference values obtained from http://www.royalalbertamuseum.ca.
5 Calculated as follows: Mean body weight/(Mean wing length or mean tarsus length)

Table 2: Haematological results of feral pigeons captured at three different times in Madrid.

Nov-06
(n = 62)

Reference range[19]

Mean (Range)

PCV (%) 55.1 (28.6-75.5) 42-50

RBC (×106/μl) 2.9 (1.7-5.4) 3.1-4.5 [34]

WBC (×103/μl) 11.1 (2.4-47.2) 9-13

Het (%) 54.1 (20.0-92.0) 43-63

Lym (%) 43.2 (8.0-78.5) 42-61

Eos (%) 0.5 (0.0-8.5) 0-2

Bas (%) 0.9 (0.0-8.0) 0-2

Mon (%) 1.5 (0.0-8.0) 0-2

Het (×103/μl) 6.3 (0.5-33.3) 5.9

Lym (×103/μl) 4.4 (0.6-13.2) 5.7

Eos (×103/μl) 0.05 (0.0-1.0) 0.01

Bas (×103/μl) 0.08 (0.0-0.4) 0.0

Mon (×103/μl) 0.14 (0.0-1.3) 0.0

Haem (%) 5.2 (0.0-95.8) -------

Haem (×105/ml) 0.8 (0.0-17.2) -------

Blood samples were tested for the following parameters: packed cell volume (PCV); red blood cell count (RBC); white blood cell count (WBC); 
percentages and absolute values of different blood cell components, namely heterophils (Het), lymphocytes (Lym), eosinophils (Eos), 
basophils (Bas) and monocytes (Mon); percentage of erithrocytes infected by Haemoproteus spp.; and estimated concentration of 
Haemoproteus spp.

http://www.royalalbertamuseum.ca
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The prevalence of Chlamydophila psittaci in the three
sampling periods is higher than that found in other areas
such as Zagreb (15.8%) [20] or Amsterdam (7.9%) [10]. In
fact, Chlamydophila excretion is intermittent [9], so our
results may underestimate the actual prevalence in the
pigeon population in our study. At the same time, no sig-
nificant relationships were observed between Chlamydo-
phila psittaci and the morphological or haematological
parameters of the pigeons, which may suggest that C.
psittaci did not affect the health of the pigeons in this
study.

The prevalences of Campylobacter jejuni obtained in
November 2006 and May 2007 in the present study are
higher than in previous reports, whereas in November
2007 it was similar to that reported in several locations,
including Japan, (23.8-50%) [21], Trinidad (36%) [22] and
Barcelona (26.2%) [23]. These values are higher than
those reported for Croatia (8.1%) [24], Chile (6.7%) [25]
and Oslo (3%) [26]. However, comparison among differ-
ent areas may be difficult because of the different analyti-
cal methods used. The use of PCR following enrichment
in Bolton broth, as in the present study, has been shown
to be a highly sensitive tool for Campylobacter jejuni and
Campylobacter coli detection [18]. The enrichment may
increase the "signal" of viable Campylobacter sp. against
the "noise" of the biological and chemical complexity of
faeces [18]. On the other hand, PCR may amplify dead
and uncultivable Campylobacter sp., which makes up a
certain proportion of stool samples [27].

Our results showed an extremely low prevalence of
Campylobacter coli for all three sampling times. This
echoes previous findings in the literature, such as the
study carried out in Barcelona [23], in which no trace of
C. coli was found.

Analysing Chlamydophila sp. prevalence by sampling
time indicates a higher prevalence in November. Such
variation was reported in a study carried out among
pigeons in parks and gardens of Japan, with a prevalence

of 100% in November that dropped to 0% by April [28].
This feature may reflect reproductive stress, since Chla-
mydophila psittaci excretion varies as a function of stress
level [9], and pigeons can realize up to four egg-layings
per year, ending in late autumn (Ballesteros, pers. com.).

The lower weight of the pigeons of this study when
compared to the Royal Alberta Museum reference data is
consistent with the poor condition of the pigeons, and it
could also be related to geographical variations in mor-
phological indices for Columba livia [29].

Nearly all (97%) of the pigeons studied showed some
degree of infestation with Haemoproteus sp. The high
prevalence of Haemoproteus sp. has already been
described in the domestic pigeon [30] as well as in other
species of wild pigeons [31]. However, the intensity of
infestation observed in our study is higher than that pre-
viously reported in wild pigeons [31].

In fact, the pathogenic potential of Haemoproteus sp.
towards its avian hosts has been challenged on numerous
occasions. Some authors have not observed any differ-
ence in body mass between infected and parasite-free
animals [32]. Recent studies suggest that intensity of
infection, rather than prevalence, plays a larger role in
determining whether the parasite is pathogenic [33]. This
previous work, together with the results in the present
study, suggest the need for studies involving larger bird
populations in order to define the threshold load above
which morphological indices may decrease.

The present study demonstrates the extremely high
prevalence of two zoonotic pathogens, Chlamydophila
psittaci and Campylobacter jejuni, in feral pigeons in
Madrid. At the same time, infection with these pathogens
did not appear to be associated with any haematological
changes that might reflect immunosuppression, or to any
morphological changes that might reflect clinical signs.
This leads to the hypothesis that pigeons act as asymp-
tomatic reservoirs of Chlamydophila psittaci and Campy-
lobacter jejuni. Further studies to estimate the pathogen

Table 3: Prevalence of the three pathogens analyzed in the feral pigeon population in Madrid, sampled at three different 
times.

Sampling time Chlamydophila psittaci Campylobacter jejuni Campylobacter coli

Nov. 2006 59.7%a (37/62) 81.8%b (36/44) 0% (0/44)

May 2007 37.0%a (10/27) 86.4%b (19/22) 4.5% (1/22)

Nov. 2007 51.8%a (14/27) 35.7%b (10/28) 0% (0/28)

Overall 52.6% (61/116) 69.1% (65/94) 1.1% (1/94)

Presence of the pathogens was determined by PCR analysis and sequence alignments with Genbank (see Methods).
a Statistically significant differences among sampling time for Chlamydophila psittaci: November 2006- May 2007 (p = 0.030); May 2007- 
November 2007 (p = 0.049); November (2006-2007)- May 2007 (0.047).
b Statistically significant differences among sampling time for Campylobacter jejuni: November 2006- May 2007 (p = 0.032); May 2007- 
November 2007 (p = 0.001); November 2006- November 2007 (p = 0.001); November (2006-2007)- May 2007 (0.001).
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load are needed, in order to measure pathogen spread in
the environment and to estimate the threshold load above
which the pigeons may become symptomatic.

Conclusions
Two zoonotic pathogens are highly prevalent in feral
pigeons in Madrid, and the infected pigeons do not show
signs of clinical disease. These birds may therefore pose a
public health risk to the human population. These data
should be taken into account for pigeon population man-
agement.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
BV and FE participated equally in the design of the study and helped to write
the manuscript. EN coordinated the laboratory work and haematological
assays, adapting established PCR techniques in order to detect the pathogens
in this study. EN also assisted with the sequence alignments. JL and CB collabo-
rated in the sampling design and helped to write the manuscript. MJM partici-
pated in the design and coordination of the overall study and helped to write
the manuscript. All authors read and approved the final manuscript.

Acknowledgements
This work was supported by the Council of Madrid and CESPA, S.A. The authors 
thank Josetxu Aguirre for ringing the pigeons, and Raquel Cabrera and 
Verónica Nogal for their technical support. The authors are grateful to the 
reviewers for their comments to improve this manuscript.

Author Details
1CISA-INIA (Animal Health Research Center). Ctra Algete a El Casar s/n, 28130 
Valdeolmos, Madrid, Spain and 2EQUAM S.L. C/Formentera 1, 28230 Las Rozas, 
Madrid, Spain

References
1. Sacchi R, Gentilli A, Razzetti E, Barbieri F: Effects of building features on 

density and flock distribution of feral pigeons Columba livia var. 
domestica in an urban environment.  Can J Zool 2002, 80:7.

2. Senar J, Sol D: Census of feral pigeons Columba livia var. from the city of 
Barcelona, use of stratified sampling with a correction factor.  Butll GCA 
1991, 8:6.

3. Haag-Wackernagel D, Moch H: Health hazards posed by feral pigeons.  J 
Infect 2004, 48:307-313.

4. Gonzalez-Acuna D, Silva GF, Moreno SL, Cerda LF, Donoso ES, Cabello CJ, 
Lopez MJ: [Detection of some zoonotic agents in the domestic pigeon 
(Columba livia) in the city of Chillan, Chile].  Rev Chilena Infectol 2007, 
24:199-203.

5. Rose E, Nagel P, Haag-Wackernagel D: Spatio-temporal use of the urban 
habitat by feral pigeons.  Behav Ecol Sociobiol 2006, 60:14.

6. Lutgen E, McEvoy J, Sherwood J, Logue C: Antimicrobial resistance 
profiling and molecular subtyping of Campylobacter spp. from 
processed turkey.  BMC Microbiology 2009, 9:203.

7. Kovats RS, Edwards SJ, Charron D, Cowden J, D'Souza RM, Ebi KL, Gauci C, 
Gerner-Smidt P, Hajat S, Hales S, et al.: Climate variability and 
campylobacter infection: an international study.  Int J Biometeorol 2005, 
49:207-214.

8. Lenz J, Joffe D, Kauffman M, Zhang Y, LeJeune J: Perceptions, practices, 
and consequences associated with foodborne pathogens and the 
feeding of raw meat to dogs.  Can Vet J 2009, 50:637-643.

9. Magnino S, Haag-Wackernagel D, Geigenfeind I, Helmecke S, Dovc A, 
Prukner-Radovcic E, Residbegovic E, Ilieski V, Laroucau K, Donati M, et al.: 
Chlamydial infections in feral pigeons in Europe: Review of data and 
focus on public health implications.  Vet Microbiol 2009, 135:54-67.

10. Heddema ER, Ter Sluis S, Buys JA, Vandenbroucke-Grauls CM, van Wijnen 
JH, Visser CE: Prevalence of Chlamydophila psittaci in fecal droppings 
from feral pigeons in Amsterdam, The Netherlands.  Appl Environ 
Microbiol 2006, 72:4423-4425.

11. Vanrompay D, Andersen AA, Ducatelle R, Haesebrouck F: Serotyping of 
European isolates of Chlamydia psittaci from poultry and other birds.  J 
Clin Microbiol 1993, 31:134-137.

12. Heddema ER, van Hannen EJ, Duim B, Vandenbroucke-Grauls CM, 
Pannekoek Y: Genotyping of Chlamydophila psittaci in human samples.  
Emerg Infect Dis 2006, 12:1989-1990.

13. Hockenyos GL: Pigeons, starlings and English sparrows.  1st Vertebrate 
Pest Conference; University of Nebaska, Lincoln 1962.

14. Owen M, Cook WA: Variations in body weight, wing length and 
condition of Mallard (Anas platyrhynchos platyrhynchos) and their 
relationship to environmental changes.  Journal of Zoology 1977, 
183:377-395.

15. lvarez E, Barba E: Nest quality in relation to adult bird condition and its 
impact on reproduction in Great Tits Parus major.  Acta Ornithologica 
2008, 43:3-9.

16. Natt MP, Herrick CA: A new blood diluent for counting the erythrocytes 
and leucocytes of the chicken.  Poult Sci 1952, 3:735-738.

17. Hewinson RG, Griffiths PC, Bevan BJ, Kirwan SE, Field ME, Woodward MJ, 
Dawson M: Detection of Chlamydia psittaci DNA in avian clinical 
samples by polymerase chain reaction.  Vet Microbiol 1997, 54:155-166.

18. Persson S, Olsen KE: Multiplex PCR for identification of Campylobacter 
coli and Campylobacter jejuni from pure cultures and directly on stool 
samples.  J Med Microbiol 2005, 54:1043-1047.

19. Fudge A: Laboratory Medicine: Avian and Exotic Pets.  WB Saunders 
United States 2000.

20. Prukner-Radovcic E, Horvatek D, Gottstein Z, Grozdanic IC, Mazija H: 
Epidemiological investigation of Chlamydophila psittaci in pigeons 
and free-living birds in Croatia.  Vet Res Commun 2005, 29(Suppl 
1):17-21.

21. Kinjo T, Morishige M, Minamoto N, Fukushi H: Prevalence of 
Campylobacter jejuni in feral pigeons.  Nippon Juigaku Zasshi 1983, 
45:833-835.

22. Adesiyun AA, Seepersadsingh N, Inder L, Caesar K: Some bacterial 
enteropathogens in wildlife and racing pigeons from Trinidad.  J Wildl 
Dis 1998, 34:73-80.

23. Casanovas L, de Simon M, Ferrer MD, Arques J, Monzon G: Intestinal 
carriage of campylobacters, salmonellas, yersinias and listerias in 
pigeons in the city of Barcelona.  J Appl Bacteriol 1995, 78:11-13.

24. Vučemilo M, Vlahović K, Dovč A, Mužinić J, Pavlak M, Jerčić J, Župančić Ž: 
Prevalence of Campylobacter jejuni, Salmonella typhimurium, and 
avianParamyxovirus type 1 (PMV-1) in pigeons from different regions 
in Croatia.  Zeitschrift für Jagdwissenschaft 2003, 49:11.

25. Fernandez H, Gesche W, Montefusco A, Schlatter R: Wild birds as 
reservoir of thermophilic enteropathogenic Campylobacter species in 
southern Chile.  Mem Inst Oswaldo Cruz 1996, 91:699-700.

26. Lillehaug A, Monceyron Jonassen C, Bergsjo B, Hofshagen M, Tharaldsen J, 
Nesse LL, Handeland K: Screening of feral pigeon (Colomba livia), 
mallard (Anas platyrhynchos) and graylag goose (Anser anser) 
populations for Campylobacter spp., Salmonella spp., avian influenza 
virus and avian paramyxovirus.  Acta Vet Scand 2005, 46:193-202.

27. Maher M, Finnegan C, Collins E, Ward B, Carroll C, Cormican M: Evaluation 
of culture methods and a DNA probe-based PCR assay for detection of 
Campylobacter species in clinical specimens of feces.  J Clin Microbiol 
2003, 41:2980-2986.

28. Tanaka C, Miyazawa T, Watarai M, Ishiguro N: Bacteriological survey of 
feces from feral pigeons in Japan.  J Vet Med Sci 2005, 67:951-953.

29. Johnston RF: Geographic size variation in rock pigeons, Columba livia.  
Bolletino di zoologia 1992, 59:111-116.

30. Sol D, Jovani R, Torres J: Geographical variation in blood parasites in 
feral pigeons: the role of vectors.  Ecography 2000, 23:307-314.

31. Adriano EA, Cordeiro NS: Prevalence and intensity of Haemoproteus 
columbae in three species of wild doves from Brazil.  Mem Inst Oswaldo 
Cruz 2001, 96:175-178.

32. Siikamäki P, Rätti O, Hovi M, Bennett G: Association between 
haematozoan infections and reproduction in the pied flycatcher.  Funct 
Ecol 1997, 11:8.

Received: 10 November 2009 Accepted: 22 June 2010 
Published: 22 June 2010
This article is available from: http://www.actavetscand.com/content/52/1/45© 2010 Vázquez et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Acta Veterinaria Scandinavica 2010, 52:45

http://www.actavetscand.com/content/52/1/45
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15066331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17554438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19772592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15565278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19721784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18977610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16751560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8417017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17326961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9057259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16192435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15943062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6672410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9476228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7883642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9283647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16398331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12843030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16210811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11285493


Vázquez et al. Acta Veterinaria Scandinavica 2010, 52:45
http://www.actavetscand.com/content/52/1/45

Page 6 of 6
33. Sol D, Jovani R, Torres J: Parasite mediated mortality and host immune 
response explain age-related differences in blood parasitism in birds.  
Oecologia 2003, 135:542-547.

34. Ritchie BW, Harrison GJ, Harrison LR: Avian Medicine: Principles and 
application Lake Worth, Florida: Wingers Publishing, Inc; 1994. 

doi: 10.1186/1751-0147-52-45
Cite this article as: Vázquez et al., Screening for several potential pathogens 
in feral pigeons (Columba livia) in Madrid Acta Veterinaria Scandinavica 2010, 
52:45

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16228253

	Abstract
	Background:
	Methods:
	Results:
	Conclusions:

	Background
	Methods
	Birds
	Sample collection
	Morphological analysis
	Haematological analysis
	Etiological analysis
	Sequencing
	Statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	Authors' contributions
	Acknowledgements
	Author Details
	References

