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Abstract
Free living birds are considered a potential source of pathogens for livestock. In order to assess their importance
in the epidemiological chain of avian salmonellosis, 260 biological samples were taken from two species with known
synanthropic behavior: (a) Pigeon (Columbia livia) and (b) Black-headed vulture (Coragyps atratus). Both were
screened for the presence of Salmonella enterica, with subsequent serotyping of positive samples. To facilitate the
above mentioned serotyping of the biological samples we adopted conventional bacteriological methods and rPCR
analysis. During the bacteriological examination a total of 13% (26/200) samples from the pigeons, were found
positive. Of those isolated, 73% (19/26) were identified as Salmonella enterica, serotype Schwazengrund; 23.07%
was identified as Salmonella enterica, serotype Typhimurium, 3.84% (1/26) was identified as Salmonella enterica,
serotype Enteriditis. The results of the rPCR analysis showed 27% (54/200) as being positive with Salmonella
enterica. None of the 60 samples taken from the vultures, showed up as positive during the conventional
bacteriological exams, contrarily to the rPCR analysis, which detected 8.3% (5/60) as positive. In conclusion,
pigeons and black-headed vulture from the metropolitan area of Goiânia could be identified as carriers of Salmonella
species.
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Introduction
The Brazilian poultry production has been responsible for much of
the economic gains of the country. The country now ranks third as a
producer of broiler chickens and is the largest exporter, supplying to
142 countries [1]. The animal's well-being is essential to guarantee a
good final product and, therefore, biosecurity measures are considered
crucial the overall sanitary control within the poultry industry. One
such measure recommends avoiding contact with free-living birds, in
order to circumvent the transmission of pathologic agents, as they are
considered potential disease carriers [2].
In search for food and shelter, free-living synanthropic birds seek
out areas of close to human habitats and domesticated animal farms,
and by doing so, may contaminate them with alien livestock pathogens
[3]. Among them are the in the Brazil widely distributed common
pigeon (Columba livia), and also the black-headed vulture, or the
common buzzard (Atratus atratus) [4-6], a bird species that feeds on
carcasses and other decaying organic materials, including human
waste, which is considered an important contributor to the spread of
Salmonella and other pathogens between humans and animals [7].
In order to ensure the quality of poultry products available for
foreign and domestic markets, the Ministry of Agriculture, Livestock
and Supply (MAPA) introduced the National Poultry Health Program
(NPFS; Ministerial Decree No. 193, September the 19th, 1994). Among
other measures, the program seeks to monitor and to grant credentials
to farms "free" of Salmonella enterica, serotype Gallinarum and
Salmonella enterica, serovar Pullorum; and "free" or "under control"
for Salmonella enterica, serotype Enteritidis and Typhimurium [8].
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It seems apparent that there is a correlation between the spread of
Salmonella in free-living birds and environmental contamination. The
inadequate treatment of sewage or manure, associated with large flocks
of birds interacting with contaminated surroundings, favoring crosscontamination and, consequently, the spread of Salmonella
throughout the environment. This in turn increases the probability of
other wild animals to be exposed to infectious agents, which become
intestinal carriers, contributing to the dispersion of this bacterium [9].
As a result, free-living birds have been the subject of several studies in
many countries with the focus on transmission dynamics of zoonotic
pathogens between potential wildlife disease-carriers and livestock
production, with the objective to providing safe foods, as these
pathogenic agents are known to provoke frequently severe
toxicoinfections in humans [10].
Besides the importance of being potential reservoir hosts for
Salmonella, which can readily be transmitted to poultry production
and humans, furthermore, the introduction of this pathogenic agent
into the population of free-living species may prove to be a major
ecological problem, in so far that the disease can be fatal to some
wildlife species [11-13].
Considering the shortage of studies of this disease in synanthropic
birds and their potential role as unsuspected carriers, this study was
conducted in order to corroborate the presence of Salmonella in freeliving birds, using the techniques of conventional bacteriology, rPCR,
and serotyping of isolated biological samples from the common
pigeons and black-headed vultures, captured in close proximity to
commercial poultry farms in the metropolitan region of Goiânia-GO.
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Materials and Methods

during the biochemical tests were sent to the fiocruz laboratory (Rio de
Janeiro), where they were serotyped.

Local

Aliquot parts of the selenite broth of all samples were frozen at
-20°C and later processed by real-time PCR (rPCR).

The experiment was conducted at the experimental center of
poultry diseases at the laboratories for bacteriology and molecular
biology, department of veterinary medicine, college of veterinary and
animal science (EVZ) at the Federal University of Goiás (UFG) and
the Wildlife Center of Goiás (CETAS/GO).

Animals and sample collection
200 pigeons (Columbia livia) and 60 black-headed vultures (Atratus
atratus) were tested.
The pigeons were captured over a year at random, in the Goiânian
metropolitan region, at a radius of 50 km of poultry farms.
To capture, five traps of galvanized steel, 1.00 m3, model argentina
(hebei panfa trade co, ltd), were used. These traps were placed in the
morning and remained open throughout the day. Inspection was done
sporadically during the day to remove captured birds. Caught pigeons
were removed from the traps; placed in carrying cages, and
transported to the laboratory of the experimental center for bird
diseases. Next they were euthanized and samples of intestinal contents
were collected.
The vultures used in this experiment were captured by
environmental authorities and delivered to the wildlife center
(CETAS-GO). Once received, the birds were contained and manual
swaps from the vent (cloaca) were taken. The samples were packed in
insulated Styrofoam boxes containing ice and transported immediately
to the laboratory for bacteriological analyzes.
This study was conducted with a permit obtained from the Brazilian
institute of environment and renewable natural resources-IBAMA;
instituto chico mendes of biodiversity conservation-ICMBio;
authorization and biodiversity information system - SISBIO, protocol
nr. 25795-1, and approved by the ethics committee on animal
experimentation of the federal university of Goiás, protocol nr. 080/11.

Conventional bacteriology
For the isolation and identification of Salmonella species the
samples were subjected to conventional bacteriological analysis,
according to Georgia Poultry Laboratory (1997) [14].
About 2 grams of feces, or cloacal swabs were inoculated in peptone
water solution of 0.1% and incubated at 37°C, for 18 hrs. Then 0.1 ml
of this solution was transferred to two tubes, each containing
rappaport vassilidis solution or, alternatively, 1 ml of selenite broth,
which were than incubated at 37°C, for 12-24 hrs. After the selective
enrichment broth was placed in three cell-culture dishes with three
different culture media: XLT4 (Difco), brilliant green agar (Difco), and
hecktoen agar (Difco) agar, and all plates were incubated at 37°C for
18hrs. From each dish, three colony-forming units presenting a
morphology suggestive to belonging to the genus Salmonella, were
inoculated in tubes containing agar TSI (triple sugar iron), (Difco),
and incubated at 37°C, for 18hrs. The TSI tubes which presented
similar morphologic features and suggestive of Salmonella were
selected and then subjected to urease production tests, indole proof,
the H2S, methyl red test, motility test, Simmons citrate, malonate, and
the lysine decarboxylase test. The samples that reacted "positive"
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Technique of real time PCR
Extraction of genomic DNA samples: Before the extraction
procedure, the frozen selenite broth samples were subjected to a new
bacterial enrichment and, subsequently, the DNA of the samples was
extracted by applying a heat treatment method, according to SANTOS
et al. [15]. Afterwards, the end product was cooled, aliquoted and
stored at -20°C for later use.
The assays product for the rPCR detection of Salmonella species.
were performed according to Calvo et al. [16].
The eluates obtained from extracted samples were used to perform
rPCR, using the TaqMan system. The volume was set at 20 μl, using
4.6 μl of water milli-Q, 10 μl of Master mix (1x), 2 μl of IPC mix (10x),
0.4 μl of 50x IPC DNA, and 1 μl of oligonucleotides primer mixture
and a probe (the primer at a concentration of 30 mM), and adding 2 μl
of test sample DNA. As an internal control of the reaction, in one
sample well, of the 96 wells microtiter plate, a IPC DNA with an IPC
blocking reagent was used (negative control-blocked IPC, Life®) and
one other well with IPC DNA without an blocking agent.
Amplification was performed in a thermocycler StepOne Plus
(Applied Biosystems) under the following conditions: pre PCR at
60°C, for 30 seconds, followed by 95°C, for 10 minutes, 40 cycles at
95°C, for 15 seconds (denaturation), followed by 60°C, for 1 minute
and 60°C, for 30 seconds, for extension.
For detection of Salmonella species the oligonucleotides primers
SAL1410f 5'-GGTCTGCTGTACTCCACCTTCAG-3 ' and SAL1494r
5'-TTGGAGATCAGTACGCCGTTCT-3', and probe SAL1441pr
FAM-TTACGACGATATTCGTCCGGGTGAAGTG-TAMRA were
used, developed by Calvo et al [16].
The samples were considered positive in which the generated
amplification curves exceeded the cut-off line, as observed in stepone
software program, v2.1 (applied biosystems). The degree of trust
established for this analysis was 95%.

Statistical Analysis
To interpret the results, a frequency analysis of the data was
performed. For the concordance study between the tests, a Kappa
coefficient (κ) was used, where the conventional interpretation range
of κ values were as follows: 0.00-0.20=poor concordance; from 0.21 to
0.40=fair; 0.41 to 0.60=moderate; 0.61 to 0.80=good; and
0.81-1.00=very good concordance. Negative values are interpreted as
equivalent to 0.0.

Results
During the conventional bacteriological examination of 200 fecal
samples collected from domestic pigeons, 13% (26/200) were positive
for Salmonella species. Serotypes were identified by the fiocruz
laboratory (RJ), of which 73.07% (19/26) were typed as Salmonella
enterica serotype schwarzengrund, 23.07% (6/26) identified as
Salmonella enterica serotype Typhimurium, and 3.84% (1/26)
identified as Salmonella enterica serovar Enteritidis (Table 1).
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Serotype

N

Percentage

Schwarzengrund

19

73.07%

Typhimurium

6

23.07%

Enteritidis

1

3.86%

Total

26

100%

Vulture

0

60 (100%)

5 (8.3%)

55 (91.7%)

Table 2: Results obtained in the two diagnostic tests to which the
biological samples collected from pigeons and vultures were
submitted.

Table 1: Frequency of Serotype Salmonella enterica: 13% (26/200) of
the fecal samples collected from domestic pigeons were identified as
being positive (fiocruz laboratories, RJ). The samples were analyzed by
conventional bacteriological examination.

In the concordance analysis between the two diagnostic methods,
for the analysis of the samples obtained from the pigeons, the
concordance level was considered moderate (0.40 to 0.59) (Table 3).
Kappa

Confidence Interval of 95%

p

Superior=0.701
Positive

0.576

<0.001
Inferior=0.433

rPCR analysis showed that 27% (54/200) of the samples collected
from the common pigeons were positive for Salmonella sp.(Figure 1).

Superior=0.701
Negative

0.576

<0.001
Inferior=-0.433
Superior=0.701

Geral

0.576

<0.001
Inferior: 0.45

Figure 1: DNA amplification curves of the pigeon samples: (1)
Threshold line; (2) positive curve for Salmonella species with 95%
confidence level; (3) negative curve for Salmonella species samples
with a confidence level of 95%.
All 26 of the pigeon derived samples showed to be positive with the
conventional bacteriology method as well as with rPCR. Of the 60
samples taken from vultures, none was positive in the conventional
bacteriological examination for the search agent. In the analysis of the
same samples RPCR of vultures, 8.3% (5/60) Showed positive results
(Figure 2).

Figure 2: DNA amplification curves of the vulture samples: (1)
Threshold line; (2) positive curve for Salmonella species with 95%
confidence level; (3) negative curve for Salmonella species samples
with a confidence level of 95%.
The results of the two laboratory tests are shown in Table 2.
rPCR

Bacterial culture

Pigeon

Positive

Negative

Positive

Negative

26 (13%)

174 (87%)

54 (27%)

146 (73%)
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Table 3: Values of the Kappa index, confidence intervals of 95% and p
values for the categories of 'positive' test 'negative', and the overall
Kappa. Bacteriological culture and RPCR: categorical results of two
tests were considered.

Discussion
In this study, a high frequency of Salmonella species were observed
in common pigeons. The results obtained by rPCR analysis were 100%
in consensus with the results obtain by bacterial culture.
The bacterial culture is the gold standard test for detecting
Salmonella species in the animal feces, however, a period of
approximately one week is necessary for the sample to be processed
with this method. In comparison, the rPCR method allows a
turnaround of the samples in a period of approximately 24 hours,
including the time needed for bacterial enrichment. Molecular
techniques have been used successfully in the detection of Salmonella,
including analysis for specific serotypes [17]. Studies of contaminated
foods by this pathogenic agent showed good results, with high
concordance between PCR and bacteriological methods [18]. In the
present study the technique of real-time PCR proved to be adequate
and being an alternative when quick results are needed. As As a
complementary method for detection of Salmonella sp., there were
concurring to those reported by Temelli et al., and Sommer et al.
[19,20].
In both avian species analyzed in this study, positive results were
more frequent by rPCR analysis, compared to the results obtained by
conventional bacteriology methods. Negative results during the
bacterial cultures can be correlated with a high number of uncultured
or killed Salmonella cells, the number of cells in the sample, growth of
other bacterial colonies in the culture [21], or even bacterial
enrichment media used can be responsible for the decrease of
sensitivity of the bacteriological technique, which may explain the
higher positivity in molecular technique [22].
It was found that the serotypes identified in this research are of the
species Salmonella enterica, which are not a specific serotype, thus, are
not adapted to a single animal species. They can affect different species
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such as birds, fish and mammals. Free-living birds that live close to
humans, due to increased levels of environmental contamination, are
apparently more likely than other birds to become infected and remain
intestinal carriers of this bacterium [17]. Depending on factors related
to the bacterial serotype, host species, environmental conditions and
degree of exposure of the animal to Salmonella, these infected animals
may develop into asymptomatic hosts, or diseased by enteritis, acute
septicemia, or chronic multifocal infection [9].

Of the samples where Salmonella species were isolated, one was
identified as Salmonella enterica, serotype Enteritidis, which is in
concordance with the results obtained in the study conducted by Sousa
et al. [31], stating that biological samples from various species of wild
birds were subjected to bacteriological and serological tests for the
detection of Salmonella. Just as it has been detected in this study,
Salmonella enterica serovar Enteritidis was isolated by conventional
bacteriology from a sample of the species columbiforme.

Similar research has been conducted by Akbarmehr [23] in Iran,
where samples of ostriches, pigeons and broilers were investigated. In
samples analyzed by bacteriological methods, the researcher noted a
high occurrence of this pathogenic agent in pigeons, relative to the
other species studied, that is, 15.5% of the birds were positive for
Salmonella enterica, a result similar to that found in the present study,
reinforcing the importance of this avian species in the epidemiology of
salmonellosis.

Due to extensive contact with waste by domestic pigeons, these
animals become more susceptible to infection by Salmonella, and turn
into accidental hosts of this pathogenic agent [32,33].

The serotype most frequently found in fecal samples of common
pigeons captured during this study was Salmonella enterica, serotype
Schwarzengrund, a serotype little documented in Brazil. This
pathogenic agent is responsible for human food poisoning and seems
to have great importance in livestock production. In Asian countries
this serotype was shown as one of the main contaminants of food
products, including chicken, constituting a serious health problem in
these countries [24,25]. Furthermore, Aarestrup et al. [26] reported
that this serotype has little specificity as to the possibility of infecting
animals and the possible spread of Salmonella enterica serotype
Schwarzengrund in food for humans, reinforces its importance in
public health.
Among the isolates of Salmonella species (23%), six samples were
identified as Salmonella enterica serotype Typhimurium. Detection of
this serotype in pigeons have already been described in the literature
by several authors. Pedersen et al. [27] conducted a study with pigeons
captured in local dairy farms and also in urban centers. Only birds
captured in the production areas were identified as positive for
Salmonella enterica serotype Typhimuriume, S. enterica serovar
Montevideo, with a total of 1% of 277 birds considered as positive.
According to Doust and Prescott [9], there is a correlation between the
prevalence of Salmonella in the intestinal tract of various species of
wild birds and their proximity to people and livestock. These birds
often take advantage of proximity to humans and domestic animals to
find food and by doing so, contaminating it. This kind of exposure
rarely involves clinical manifestations of the disease, and the
elimination of bacteria in feces, in most cases, is short. Similarly,
Marciano [28] detected Salmonella enterica, serovar Typhimurium in
8% of organs and feces of birds. Also Vucemilo et al. [29] performed a
isolation of this serotype in a sample obtained from carrier pigeons,
also of the species Columba livia, in Spain.
Researchers in Croatia isolated S. enterica, serotype Typhimurium
in 17 of 107 samples examined in pigeons, getting a percentage rate of
15.3% positivity of this pathogenic agent, isolated from excrements by
bacteriological examination [29].
In Belgium, Pasmans et al. [30] also conducted the isolation of this
serotype in pigeons, with a frequency of 3.3% of birds considered
positive, a result similar to that found here, with 3% (6/200) of positive
samples for Salmonella enterica serotype Typhimurium. The results of
this study indicate the pigeons as disseminators of Salmonella enterica
serotype Typhimurium.
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On the other hand, surveys conducted in Norway, using the same
methods of conventional bacteriological analysis by collecting cloacal
swabs, showed to be negative [34] The discrepancy between the results
obtained in Norway and the present study could be explained by the
characteristic excretion of Salmonella, which occurs intermittently. In
addition, climatic conditions of that country as well as the lifestyle of
the population, regarding the disposal of waste, may also have
influenced the negative outcome, which are very distinct from the local
conditions of the present study's area.
During bacteriological analysis of cloacal swabs of vultures, no
sample was found to be positive for Salmonella enterica. Even tough,
fewer samples have been analyzed, the results are in agreement with
reports literature, that state that vultures have naturally a lower
susceptibility to pathogens. In this regard, over the years many
hypotheses have been advocated, considering the physicochemical and
physiological conditions of the gastrointestinal tract of the animals, the
evolutionary property of a specific absorption of this system, or the
hypothesis of a more complex microflora throughout the digestive
system. Hence, it is postulated that there is a microbe in the
gastrointestinal system of these birds that compete with pathogenic
agents, thus, reducing the risk of a disease spread [35-37]. This
thought may be justified because none of the samples were positive
during the conventional bacteriological examination and five of them
were positive by rPCR. The positivity of the rPCR analysis is mostlikely explained by the high sensitivity of the technique, since this
method is able to detect microorganism, even if with minimal
amounts [18]. Also, it is possible that the organism has not been able
to reproduce in the intestines of these birds, as the competitive
microbe was able to inhibit their multiplication [36], therefore, also
not detectable in the conventional bacteriological method.
Besides, in the study, samples obtained from domestic pigeons,
consisted of intestinal contents, and the samples of vultures were
cloacal swabs. In a comparative study of biological samples as
described by TEMELLI, et al [19], applying rPCR analysis and
bacterial culture in the detection of Salmonella species, the use of
intestinal content generates more reliable results comparison to cloacal
swabs, like the ones used for the analysis of vulture samples. The
freshness of the fecal sample at the time of analysis and the level of
humidity can result in false negative detection. Furthermore, large
quantities of DNazes enzymes, proteases, and polysaccharides are
present in the feces, which can be PCR inhibitory factors [18].
However, the pre-enrichment, as performed in the present study, acts
as an inhibitor of these agents, reducing their negative effects in the
reaction [20].
Silva et al. [38] who studied the dietary habits of vultures, observed
that there is direct relationship between the dissemination of
pathogenic agents and the environmental health, and that this bird can
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even be considered to be a bioindicator of environmental health.
Nevertheless, more intensive studies with this avian species are needed
as to confirm its role in the epidemiology of salmonellosis.
An populous density of synanthropic animals can lead to an
increase of Salmonella infected poultry [38]. Carrier,-host-animals are
of great importance as a source of infection, as they can liberate
intermittently bacteria through excrements for months, or even years
[39], leading to the contamination of the environment that they come
in contact with. Due to the difficulties in controlling pathogens in
poultry production, adequate sanitary methods, within the facilities,
have increasingly become the target for more studies on that subject,
and given the importance of such environment to maintain the
pathogens [40].

Conclusions
It can be confirmed that Salmonella enterica, serotype
Schwarzengrund, Enteritidis and Typhimurium are present in the
microbiota of domestic pigeons, in the metropolitan region of Goiânia.
Salmonella species was detected in black-headed vultures, in the
metropolitan region of Goiânia.
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