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Abstract
Aim: The aim of this study was to provide information on the prevalence of Salmonella serotypes and to identify risk factors
for Salmonella spp. contamination in broiler chicken farms and slaughterhouses in the northeast of Algeria.
Materials and Methods: This study was conducted on 32 poultry farms and five slaughterhouses in the province of Skikda
(northeastern Algeria). A questionnaire was answered by the poultry farmers and slaughterhouses’ managers. Biological
samples (cloacal swabs, droppings, caeca, livers, and neck skins) and environmental ones (water, feed, surface wipes,
rinsing water, and sticking knife swabbing) were taken to assess the Salmonella contamination status.
Results: Nearly 34.37% of the poultry farms and all the slaughterhouses were contaminated with Salmonella. The isolated
Salmonella strains belonged to two major serotypes: Kentucky and Heidelberg followed by Enteritidis, Virginia, and
Newport. There was an evident heterogeneous distribution of serotypes in poultry farms and slaughterhouses. Only one
factor (earth floor) was significantly associated with Salmonella contamination in poultry houses (p<0.05).
Conclusion: A high prevalence rate of Salmonella contamination was found in poultry farms and slaughterhouses in Skikda
region. These results showed the foremost hazardous role of poultry production in the spread and persistence of Salmonella
contamination in the studied region.
Keywords: poultry, prevalence, risk factor, Salmonella, serotype, slaughterhouse.
Introduction

Salmonella spp. is important foodborne pathogens distributed worldwide that frequently infect poultry flocks. Epidemiological studies have demonstrated
several routes through which Salmonella spp. can be
disseminated within poultry flocks [1]. Birds become
infected by horizontal transmission through infected
litter, feces, feed, water, dust, fluff insects, equipment,
fomites, diseased chicks, and Salmonella contaminated rodents [2]. Other domestic animals, wild birds,
and personnel can transmit Salmonella spp. to broiler
chicken throughout the rearing period. Vertical transmission from parent flocks results mostly from ovarian
transmission or through the eggshell after laying [3].
It is essential to take into account the problem
of contamination of livestock both for its impact on
public health and for its significant economic repercussions [4]. However, if contamination of meat is
possible at all levels of the production chain, the rearing periods represent the main critical steps for the
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contamination burden by Salmonella [5]. The knowledge of the modalities of contamination of the broiler
chicken by this pathogen during each period of the
production is essential to prevent infection.
This study provides additional epidemiological
information on Salmonella contamination of broiler
flocks and slaughterhouses in Skikda region and gives
a complete serological distribution of this pathogen
which has been previously revealed by several studies
in other regions of the country (Constantine, Annaba,
and Batna) [6-8]. Compared to these previous studies, the present survey investigated the prevalence of
Salmonella spp. in broiler chicken farms and slaughterhouses during two different age periods of the broiler
chicken used a different sampling methodology and
more exhaustive sites of sampling. In addition, this
study has demonstrated that broiler flocks and slaughterhouses of the region of Skikda were infected with
different serovars. The antibiotic resistance profiles of
Skikda’s Salmonella isolates showed a marked difference with those of other Algerian provinces [9].
Since 1980, the Algerian poultry industry has
experienced a remarkable development supported by a
governmental encouragement policy. These dynamics
have resulted in a sharp increase in the poultry industry
and production with a remarkable shift from farm type
and family poultry farming to intensive poultry farming to ensure low-cost animal proteins to the consumer.
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Chicken meat is more popular than red meat because
of its relatively lower price and easier digestibility. It
is worth noting that this technological development is
limited only to the state sector. However, private flock
breeding and slaughtering systems are still suffering
from substantial technological backwardness which
profoundly affects the productivity of this sector and
reduces the hygienic quality of the poultry products
with massive consequences on the public health.
In fact, the hygienic quality of the poultry products
depends on the breeding conditions and management,
and particularly on the conception and the hygienic
status of the poultry houses [10]. The region of Skikda
is characterized by its specific climate with very humid
and mild winters and dry and very hot summers. These
environmental conditions affect the microbial persistence in the broiler houses and affect the chicken
bacterial colonization and health.
The aim of the present study was to estimate
the prevalence of Salmonella spp. infection in broiler
chicken farms and slaughterhouses and to identify the
risk factors among farm characteristics and management practices that are associated with this infection
in Skikda region. For this reason, questionnaires were
established on closed-type questions basis related to
all breeding and slaughtering conditions. They were
addressed to all broiler chicken farmers and slaughterhouses’ managers.
Materials and Methods
Ethical approval

This study was conducted according to ethical
guidelines that were controlled and approved scientific council of the Institute of Veterinary Sciences
(Mentouri Brothers University, Constantine - 1, Algeria)
and complied with the guidelines for animal care and
use in research and teaching. It is worth noting that no
live birds were used in this study.
Study area

This survey was carried out from December
2011 to May 2013. The target population included 32
broiler chicken farms and five chicken slaughterhouses
in the province of Skikda (northeastern Algeria). We
have tried to cover all the localities and the majority of

poultry farms and slaughterhouses. The choice of poultry farms and slaughterhouses was guided by the free
manager’s acceptation to cooperate or not to the study.
Data collection and sampling conditions

Each farm was visited twice for sampling at two
age periods (15-30 days and 45-60 days). The slaughterhouses were visited only once, and the managers
were interviewed with the questionnaire at the time
of sampling.
The epidemiological questionnaire for broiler
farms contained 60 closed-type questions. The latter was related to the location and conception of the
rearing buildings, the broiler rearing characteristics:
Equipment, environmental conditions, biosecurity measures, origin of chicks and feed, farm staff, vaccination
programs, and use of antibiotics. For the slaughterhouses, another questionnaire was filled out. It concerned the design of the infrastructure, construction
materials, equipment, slaughter conditions, cleaning
and disinfection methods, carcass inspection, and personnel qualifications.
The information thus gathered was based both
on personal observations and on data collected from
breeders and veterinarians who provide medical monitoring of livestock and sanitary inspection of the
slaughterhouses.
A total of 1194 and 90 samples were collected
from the poultry houses and the slaughterhouses,
respectively. The sampling procedures were standardized, and the samples were taken randomly. The matrices differed and were constituted mainly by droppings
(1 pool of 5 g×5), cloacal swabs (1 pool of swab×5),
surface rags (1 pool of wipes 25 cm×25 cm, AES
Chemunex, Combourg, France), water from drinking
troughs (1 pool 25 mL×5), food from feeders (1 pool
of 5 g×5), caeca, liver, neck skin (1 pool of 5 g×5),
and sticking knife swabs (1 pool). All samples were
analyzed in the same bacteriology laboratory with the
same analytical methods.
All samples were transported to the laboratory,
on ice packs within a period not exceeding 2 hours to
be treated on the same day or kept in the refrigerator
overnight. The organization of sampling in farms and
poultry slaughterhouses is shown in Table-1.

Table-1: Organization of sampling in farms and poultry slaughterhouses.
Nature of building

Number of building

Nature of samples

Number of samples

Poultry houses

32

Total
Slaughterhouses

32
5

Cloacal swabs
Food
Water
Wipes
Feces
Total
Caecum
Liver
Neck skin
Carcass rinse water
Sticking knife swabs
Wipes swabbing
Total

330
160
320
64
320
1194
25
25
25
5
5
5
90

Total
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Salmonella isolation and identification

Bacteriological analyses were performed according to the protocols set by the International Organization
for Standardization [11] for Salmonella detection in
food and animal feedstuffs. 25 g of samples (droppings, feed, liver, caeca, and neck skin) were separately
pre-enriched with 225 mL of buffered peptone water
broth (PWB) (Fluka, Sigma-Aldrich, France). The
swabs were placed individually in 10 mL PWB, while
100 mL of drinking and carcass rinsing waters were
individually mixed with 100 mL of double strength
PWB for pre-enrichment according to NF U 47-101
Standard [12]. All the samples were incubated at 37°C
for 18-20 h. From each pre-enrichment solution, 1 mL
and 0.1 mL were, respectively, transferred into 10 mL
of enrichment Muller-Kauffmann Tetrathionate/
Novobiocin broth (AES Chemunex, Combourg,
France) and 10 mL of Rappaport-Vassiliadis broth
(Merck Darmstadt, Germany) and incubated at 37°C
and 42°C for 24 h, respectively. Both enriched samples were then streaked on XLD (Fluka analytical
Steinheim, Switzerland) and Hektoen agars (Pasteur
Institute of Algeria) and incubated at 37°C for 24 h.
Salmonella - suspected colonies were identified with
the API 20E System (bioMérieux, France). Confirmed
Salmonella isolates were serotyped according to the
Kauffmann-White-Le Minor’s scheme [13].

some of the broilers are brought from different poultry
farms of the neighboring provinces.
Prevalence of Salmonella serotypes in broilers,
slaughterhouses, and human samples

Eleven (34.37%) of the 32 poultry farms were
contaminated with Salmonella. The isolation rate
varied according to the origin of the sample: 6.25%
for wipes (n=64), 3.93% for swabs (n=330), 3.12%
for droppings (n=320), and 2.18% for water samples (n=320) and all the feed samples were free of
Salmonella (n=160). The samples taken at the age of
3 weeks were more contaminated than those collected
at the end of the raising period. Salmonella spp. was
isolated in all the slaughterhouses with contamination
of different matrices: Caeca (12%, n=25), neck skin
(8%, n=25), livers (4%, n=25), wipes (40%, n=5),
sticking knives (20%, n=5), and carcass rinsing water
(20%, n=5).
The percentage of positive samples collected
from poultry farms and slaughterhouses is shown
in Figures-1 and 2. 45 Salmonella strains were isolated from broiler chicken farms and slaughterhouses.
Most of them were Salmonella Kentucky (n=22) and
Salmonella Heidelberg (n=13), and the remaining
strains were of Salmonella Virginia (n=5), Salmonella
Enteritidis (SE) (n=4), and Salmonella Newport (n=1).

Statistical analysis

Differences in contamination levels of poultry
houses at the two sampling periods (15-30 days vs.
45-60 days), and risk factors for Salmonella spp. contamination were assessed by the Chi-square test (at
95% CI and p<0.05). All statistical analyses were performed using the EpiInfoTM software (2016).
Results
Characteristics
of
slaughterhouses

the

poultry

farms

and

Twenty-seven poultry houses have concrete
walls and floors, and corrugated metal sheet roofs
and five ones have clay floors with walls and roofs
made of straw and reed covered with plastic foil. Their
rearing capacity varies from 3500 to 20,000 birds per
house. Most of them produced four grow-out houses
per year. In 22 of 32 broiler houses, stocking density
was more than 10 birds/m2. Poultry farms consisted
of 1-2 houses without fence allowing other domestic (cattle, sheep, dogs, and cats) and wild animals to
have contact with birds. The poultry farm belonging
to the public sector consisted of 4 fenced houses.
Strict biosecurity measures were applied in
studied farms. However, we noticed the absence of
disinfection foot dip except in two poultry houses.
All slaughterhouses have concrete floors with earthenware walls; others have tiled walls except for two
that had cement floor and walls, which are difficult
to clean. They are equipped with a mechanized felling chain and a cold room. The slaughtering capacity ranges from 2000 to 7000 chickens per day, and
Veterinary World, EISSN: 2231-0916

Figure-1: Percentage of positive samples collected from
poultry farms.

Figure-2: Percentage of positive samples collected from
slaughterhouses.
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There was a heterogeneous distribution of some serotypes between poultry farms and slaughterhouses.
Univariate analysis of the factors favoring Salmonella
contamination

The results of the univariate analysis of the association between the explanatory variables and the
presence/absence of Salmonella are summarized in
Table-2. From the questionnaires, 10 potential risk
factors for livestock and slaughterhouses were identified. After calculating the odds ratios (ORs) of the
assumed risk factors, we were able to determine six
risk factors (age, water use from tanks and wells,
number of bands per year, density, chicken house
structure, and soil type).
All the factors studied appeared to be relevant
and tended to be potentially associated with contamination of farms by Salmonella. However, only one
indicator (clay floor) was found to be statistically
significant, the other factors associated with contamination were not significant. This could be due to
recruitment bias during the epidemiological investigation (incomplete questionnaires and in interpreting
of the questions).
Discussion

This study has provided epidemiological data
and identified risk factors favoring the infection of
broiler farms by Salmonella spp. in Skikda region.
This cross-investigation suggested some prophylactic measures to reduce contamination of the broiler
farms. The number of broiler farms was high in this
region. Due to some economic constraints, we limited ourselves to covering some municipalities whose
farms were readily accessible and whose owners tolerated voluntary participation in this study. It is worth
noting that no farmers were aware of the flock’s
contamination status. We guaranteed the anonymity
and the absence of any negative repercussions of the
results obtained on their activity. Although the number

of surveyed flocks conformed to the target, the number of farmers studied was definitely lower. This low
number of flocks involved a loss of statistical power
and may explain the absence of association between
the exposure to certain factors and flocks’ contamination. The use of questionnaires for the collection of
baseline data could also introduce bias; even so, most
questions were objective and close.
The estimated prevalence of Salmonella spp.
positive chicken flocks and slaughterhouses was
34.37% and 100%, respectively. Further investigations that could overcome such stated deficiencies
would be necessary to solidly reflect the epidemiological risks of Salmonella in this area [6, 7, 14, and 15].
The Salmonella spp. prevalence varied considerably among regions and countries such as in several
European countries. The reported prevalence was in
France (3.4%), Italy (9.2%), Germany (2.7%), Spain
(1.02%), and Sweden (nearly 0%) [16, 17].
Regarding the results of the study of the questionnaires, this prevalence could be explained by the
low hygienic level of the studied poultry houses, their
structures, especially that some of them are hoop
houses, non-regulated livestock buildings (OR 1.78),
and by the absence of sanitary control measures.
Chickens can be contaminated horizontally during
the rearing period through litter, food, drinking water,
dust, and contaminated equipment [2].
The occurrence of the various Salmonella serotypes in the studied poultry farms and slaughterhouses was Salmonella Kentucky (49%), Salmonella
Heidelberg (29%), Salmonella Virginia (11%), SE
(9%), and Salmonella Newport (2%). The heterogeneity in Salmonella distribution between poultry
farms and slaughterhouses suggested that most of
Salmonella serotypes were transmitted before the
slaughter process. Salmonella Kentucky was the most
predominant. This serotype has been associated with
the chicken industry in the USA [18], but now, its

Table-2: Risk factors for Salmonella contamination.
Risk factors
Age
15‑30 days
45‑60 days
Water source
Tank water
Tap water
Number of bands year
1/year
2 or more/years
Density
8‑10 birds/m2
>10 birds/m2
House structure
Hoop house
Cement block
Soil type
Clay floors
Concrete

Positive poultry
houses

Negative poultry
houses

Chi‑square

Pα

OR

Confidence interval

10
8

22
24

0.30

0.05

1.36

[0.44‑9.55]

8
3

14
7

0.11

0.05

1.33

[0.24‑7.21]

1
10

1
20

0.23

0.05

2

[0.11‑36]

8
3

18
3

0.79

0.05

2.25

[0.37‑13.61]

3
8

2
19

1.74

0.05

1.78

[0.58‑4.20]

5
6

5
16

4.40

0.05

2.66

[1.07‑6.60]
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distribution is worldwide (Africa, the Middle East,
and Europe) especially its ST198 [19].
In this study, Salmonella Heidelberg has been
isolated only in poultry farm. This serotype has been
isolated in previous studies in some provinces of the
center of Algeria [20]. Although we have isolated SE
in only 9% of the samples, Putturu et al. [21] reported
a higher incidence of SE in chicken feces and cloacal
samples of poultry in Hyderabad (India). It is worth
noting that it is the most common serotype in animal
products especially in poultry [16]. During the mid1980s, this serotype has emerged as a result of vertical
and horizontal transmissions within and between large
poultry flocks in many parts of the world [22, 23].
Salmonella Newport was isolated in one sample of the poultry farms studied. This serotype has
rapidly emerged as a pathogen in both animals and
humans throughout the United States [24]. Six risk
factors for Salmonella contamination of the poultry flocks were identified, but only the nature of soil
(clay floor) was statistically significant. In a study
conducted by Huneau-Salaủn et al. [25], 51.7% of
the positive flocks reared on on-floor farms with a
history of SE contamination were again found to be
due to SE. Salmonella might persist in contaminated
poultry houses where the standards of cleaning and
disinfection are unsatisfactory [26]. The persistence
of Salmonella, especially in the open-air range, might
be a source of contamination of flocks in on-floor
farms. Although the chicken is free of Salmonella,
infection is possible with a poorly cleaned and poorly
disinfected building, despite the crawlspace, with the
bacteria surviving more than 6 months in an outdoor
environment [27]. Alternative or synergistic effects
may be due to the role of soil in determining the risk
of Salmonella introduction into broiler houses on
mechanical vehicles or with living reservoirs. For
the former, characteristics of the soil at broiler farm
location may impact on the risk of Salmonella being
brought into the houses on such mechanical vehicles
as farm worker footwear or movable equipment [28].
During our investigation, we noted that the hygiene
measures were applied in the bare minimum and the
absence of footbath except in two poultry houses.
The samples taken at the age of 15-30 days were
more contaminated than those collected at 45-60,
days but the difference was not significant (p>0.05).
Salmonella colonize easily the entire digestive tract
and can be isolated more easily; especially as they
are excreted intermittently in fresh droppings [29].
It should also be noted that the droppings were harvested from the poultry houses with clay floors.
This represents a statistically significant risk factor
(OR=2.66), which is in accordance with the results
reported by Elgroud et al. [6], (OR=21) in a study
conducted on broiler houses in Constantine region.
In a study in Morocco [14] reported that the
contamination of the previous breeding band seems
to significantly increase the risk of contamination by
Veterinary World, EISSN: 2231-0916

Salmonella spp. (OR=5.14), and contaminated chicks
represented also an important risk factor (OR=10.5).
They contribute to the increase in the level of contamination of livestock buildings through their
manure [30-32]. In this study, we found Salmonella
in the feces samples, confirming the importance of the
horizontal contamination in a breeding band [26, 29].
Environmental sampling has been reported to
be a good indicator of the presence of Salmonella in
poultry flocks [33]. Andres and Davies (2015) [34]
reported that Salmonella was ubiquitous in a farm
environment. The density of chickens, especially
when it is <0 chickens per square meter is also an
important risk factor (OR=2.25). Although in our
study, this factor was not statistically significant
(p>0.05) to the recruitment bias of our farms, Elgroud
et al. [6] noted that it was significant (OR=7.7). This
finding corroborated with the study of Chaiba and
Rhazi-Filali [14] (OR=7.7), mentioning that the poultry houses whose density is below 25 subjects per
square meter have a lower contamination rate than
that of farms with densities >25 m2, which is in agreement with the literature relating that high density in a
chicken house is a factor favoring contamination by
Salmonella [35].
The drinking water derived, for the majority of the
farms studied from sources, wells, and cisterns, which
were monitored neither by farmers nor by the competent
sanitary services. Chaiba and Rhazi-Filali [14] noted
that poultry farms using network water from the
national drinking water agency had a lower prevalence of Salmonella. Argüello et al. [36] reported
that the treatment of water mainly by the addition of
organic acids reduced the number of Salmonella. No
Salmonella was isolated in samples of animal feed.
In Batna Province (northeastern Algeria) and France,
this is in agreement with a study conducted in Batna
Province (northeastern Algeria) [7] and France [25].
It should be noted that some risk factors for contamination of a flock are difficult to prove statistically
because of the scarcity of samples. Nevertheless, they
may be important in particular cases such as the presence of rodents in the broiler house of one flock [32].
Salmonella transmission and contamination can be
enhanced by the situation of poultry houses. Practices
such as overcrowding, unhygienic farming activities,
lack of adequate biosecurity measures, and equipment worsen the situation. Mice, wild birds, ants, and
snakes have been demonstrated in some studies, to
be important agents for transmission of Salmonella
among avian flocks [37-39]. On the other hand, environmental samples such as droppings, soil, crevices,
dust, litters, feeders, and/or drinkers may harbor
Salmonella and increase the contamination rate [40].
For the slaughterhouses, we could not adopt statistical analyses since all of them were contaminated,
and all the factors could have been involved in the salmonella contamination. This finding corroborated the
results of Elgroud et al. [6], who reported a prevalence
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of Salmonella contamination of 73.33% in poultry
slaughterhouses in Constantine region.
According to many surveys, contamination of
poultry products with Salmonella may take place at
different stages of the production period [41]. After
contamination of birds at the farm, bacteria colonize the intestine and can contaminate the carcasses
during slaughtering. Cross-contamination is also
possible [42].
Conclusion

This study provides important epidemiological
information on the Salmonella contamination status in the
broiler chicken farms and slaughterhouses of the region
of Skikda. Serotyping provides a better understanding of
the epidemiology of the disease, and by measuring the
trends of serotypes over time, information about emerging serotypes, and the efficacy of control programs can
be obtained. Salmonellosis is a management disease, and
its control depends on controlling the sources of contamination and transmission. Factors related to herd contamination are generally linked to biosecurity measures
and the design of the premises where they are controlled,
thus preventing the introduction, survival, and multiplication of germs or their vectors in livestock and slaughterhouses. It is fundamental to respect good hygiene
practices and to apply sanitary regulations upstream of
the broiler chicken industry to provide hygienic meat and
meat products to the consumer.

3.
4.

5.
6.

7.

8.

9.

10.
11.

Authors’ Contributions

SD has actively worked on the isolation of avian
Salmonella strains, identification of strains, data interpretation, drafting the paper, and revising it. BM conceived and designed the study and revised the paper.
SH participated actively in data interpretation and
contributed in part to the draft writing. RE and OB
conceived and designed the study. All authors read
and approved the final manuscript.

12.
13.

14.

Acknowledgments

The authors would like to thank the poultry
farmers and slaughterhouses managers for their precious cooperation in collecting samples at both sites
and C. Belkader of the Pasteur Institute of Algeria, for
the serotyping of Salmonella strains.

15.

16.

Competing Interests

The authors declare that they have no competing
interests.

17.

References
1.

2.

Nayak, R., Stewart, T., Wand, R.F., Lin, J., Cerninglia, C.E.
and Kenney, P.B. (2004) Genetic diversity and virulence
gene determinants of antibiotic-resistant Salmonella isolated from preharvest Turkey production sources. Int. J.
Food Microbiol., 91: 51-62.
Tabo, D.A., Diguuimbaye, C.D., Granier, S.A., Moury, F.,
Brisabois, A., Elgroud, R. and Millemann, Y. (2013)
Prevalence and antimicrobial resistance of non-typhoidal
Salmonella farms in N’Djamena, Chad. Vet. Microbiol.,

Veterinary World, EISSN: 2231-0916

18.

19.

166: 293-298.
Pande, V.V., Devon, R.L., Sharma, P., McWhorter, A.R. and
Chousalkar, K.K. (2016) Study of Salmonella Typhimurium
infection in laying hens. Front Microbiol., 7: 203.
Bailey, J.S., Stern, N.J., Fedorka-Gray, P., Craven, S.E.,
Cox, N.A., Cosby, D.E., Ladely, S. and Musgrove, M.T.
(2001) Sources and movement of Salmonella through integrated poultry operations: A multistate epidemiological
investigation. J. Food Protect., 64: 1690-1697.
Mead, G.C. (1993) Problems of producing safe poultry:
Discussion paper. J. Roy. Soc. Med., 86: 39-42.
Elgroud, R., Zerdoumi, F., Benazzouz, M., BouzitounaBentchouala, C., Granier, S.A., Fremy, S., Brisabois, A.,
Dufour, B. and Millemann, Y. (2009) Characteristics of
Salmonella contamination of broilers and slaughterhouses
in the region of Constantine (Algeria). Zoonoses. Public
Health, 56: 84-93.
Ayachi, A., Alloui, N., Bennoune, O. and Kassah-Laouar, A.
(2010) Survey of Salmonella serovars in broilers and laying breeding reproducers in east of Algeria. J. Infect Dev.
Countr., 4: 103-106.
Bouzidi, N., Aoun, L., Dekhil, M., Granier, S.A., Poirel, L.,
Brisabois, N., Nordmann, P. and Millemann, Y. (2011)
Co-occurrence of aminoglycoside resistance gene armA
in non-Typhi Salmonella isolates producing CTX-M-15 in
Algeria. J. Antimicrob. Chemoth., 66: 2180-2181.
Djeffal, S., Bakour, S., Mamache, B., Elgroud, R., Agabou, A.,
Chabou, S., Hireche, S., Bouaziz O., Rahal, K. and Rolain, JM.
(2017) Prevalence and clonal relationship of ESBL-producing
Salmonella strains from humans and poultry in North Eastern
Algeria. BMC Vet. Res., 13(1): 132.
Mekademi, K. and Saidani, K. (2013) Contamination of
broilers by Salmonella non-Typhi in Mitidja. J. Curr. Res.
Sci., 1: 213-217.
International Organization for Standardization (ISO). (2007)
Microbiology of food and animal feeding stuffs-Horizontal
method for the detection of Salmonella spp.- amendment
1: Annex D: Detection of Salmonella spp. in animal faeces
and in environmental samples from the primary production
stage ISO 6579: 2002/amd 1:2007. Geneva, Switzerland.
Norme Française (NF) U47-101. (2005) Isolement et identification de tout sérovar ou de sérovar (s) spécifié (s) de
Salmonella chez les oiseaux, (Editions Afnor): 34.
Guibourdenche, M., Roggentin, P., Mikoleit, M., Fields, P.I.,
Bockemuhl, J., Grimont, P.A. and Weill, F.X. (2010)
Supplement 2003-2007 (no. 47) to the White-Kauffmann-le
minor scheme. Res. Microbiol., 161: 26-29.
Chaiba, A. and Rhazi-Filali, F. (2016) Prévalence de la contamination par Salmonella des élevages de poulet de chair
au Maroc. Cahiers Agriculture. EDP Science, Les Ulis.
Ansari-Lari, M., Shekarforoush, S., Mehrshad, S. and
Safari, H. (2014) Prevalence and Risk factors for Salmonella
spp. colonization in broiler flocks in Shiraz, Southern Iran.
Vet. Res. Forum., 5(1): 61-64.
European Food Safety Authority (EFSA). (2013) Scientific
report of EFSA and ECDC. The European Union summary
report on trends and sources of zoonoses, zoonotic agents
and food-borne outbreaks in 2001. EFSA J., 11: 3129.
Lamas, A., Fernandez-No, I.C., Miranda, J., Vazquez, B.,
Cepeda, A. and Franco, C.M. (2016) Prevalence, molecular
characterization and antimicrobial resistance of Salmonella
serovars isolated from Northeastern Spanish broiler flocks
(2011-2015). Poultry Sci., 95: 2097-2105.
Saleh, Si., Howe, K., Brooks, J., Lawrence, M.L.,
Hartford, B.R. and Kars, A. (2016) Identification of
Salmonella enterica serovar Kentucky genes involved in
attachment to chicken skin. BMC Microbiol., 16: 168.
Le Hello, S., Harrois, D., Bouchrif, B., Sontag, L.,
Elhani, D., Guibert, V. and Zerouali, K.W. (2013) Highly
drug resistant Salmonella enterica serotype Kentucky
ST198-X1: A microbiological study. Lancet Infect Dis.,
13: 672-679.
1107

Available at www.veterinaryworld.org/Vol.11/August-2018/13.pdf

20.

21.

22.
23.
24.

25.

26.

27.
28.
29.

30.

31.

Bounar-Kechih, S., Hamdi, T.M., Mezali, L., Assaous, F.
and Rahal, K. (2012) Antimicrobial resistance of 100
Salmonella strains isolated from Gallus gallus in 4 wilayas
of Algeria. Poultry Sci., 91: 1179-1185.
Putturu, R., Thirtham, M. and Lakkineni, V.R. (2012) Study
on the incidence of Salmonella Enteritidis in poultry and
meat samples by cultural and PCR methods. Vet. World,
5(9): 541-545.
O’Brien, J.P.D. (1988) Salmonella Enteritidis infection in
broiler chickens. Vet. Rec., 122: 214.
O’Brien, J.P.D. (1990) Aspect of Salmonella Enteritidis
control in poultry. Worlds Poult. Sci. J., 46: 119-124.
Iwamoto, M., Reynolds, J., Karp, B.E., Tate, H., FedorkaCray, P.J., Plumblee, J. R., Hoekstra, R.M., Whichard, J.M.
and Mahon B.E. (2017) Ceftriaxone-resistant nontyphoidal
Salmonella from humans, retail meats, and food animals
in the United States, 1996-2013. Foodborne Pathog. Dis.,
14(2): 74-83.
Huneau-Salaun, A., Chemaly, M., Le Bouquin, S., Lalande, F.,
Peletin, I., Rouxel, S., Michel, V., Fravallo, P. and Rose, N.
(2009) Risk factors for Salmonella Enterica subsp. Enterica
contamination in 1159 French laying hen flocks at the end
of the laying period. Prev. Vet. Med., 89: 51-58.
Trampel, D.W., Holder, T.G. and Gast, R.K. (2014)
Integrated farm management to prevent Salmonella
Enteritidis contamination of eggs. J. Appl. Poult. Res.,
23: 353-365.
Davies, R.H. and Wray, C. (1996) Persistence of Salmonella
Enteritidis in poultry units and poultry food. Brit. Poult.
Sci., 37: 586-589.
Volkova, V.V., Hartford, B.R. and Wills, R.W. (2009)
Salmonella in broiler litter and properties of soil at farm
location. PloS one, 20094(7), e6403.
Zamora-Sanabria, R. and Alvarado, A.M (2017) Preharvest
Salmonella Risk Contamination and the Control Strategies,
Current Topics in Salmonella and Salmonellosis Mihai
Mares, Intech. Open. Available from: https://www.intechopen.
com/books/current-topics-in-salmonella-and-salmonellosis/preharvest-salmonella-risk-contamination-and-the-control-strategies. Last accessed on 27-02-2018.
Colin P. (1992) Salmonnella et qualité des produits avicoles. In: Brugère, P.B., and Slim, J., editors. Manuel de
Pathologie Aviaire Edition Chaire de Pathologie du Bétail
et des Animaux de Basse-cour. Ecole Nationale Vétérinaire
d’Alfort, France. P371-373.
Rose, N., Beaudeau, F., Drouin, P., Toux, J.Y., Rose, V. and
Colin, P. (1999) Risk factor for Salmonella Enterica subsp.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.
42.

Enterica contamination in French broiler-chicken flocks at
the end of the rearing period. Prev. Vet. Med., 39: 265-277.
Christensen, J.P., Brown, D.J., Madsen, M., Olsen, J.E. and
Bisgaard, M. (1997) Hatchery-borne Salmonella Enterica
serovar Tennessee infections in broilers. Avian Pathol.,
26: 155-168.
Joan, A. Amand, S.T., Cassis, R., King, R.K., Collen, B.
and Christianson, A. (2017) Prevalence of Salmonella spp.
in environmental samples from table egg barns in Alberta.
Avian Path., 46(6): 594-601.
Andres, V.M. and Davies, R.H. (2015) Biosecurity measures to control Salmonella and other infectious agents
in pig farms: A review. Compr. Rev. Food Sci. Food Saf.,
14: 317-335.
Heyndricks, M., Vandekechove, D., Herman, L., Rollier, I.,
Grijspeerdt, K. and De Zutter, L. (2002) Routes for
Salmonella contamination of poultry meat: Epidemiological
study from hatchery to slaughterhouse. Epidemiol. Infect,
129: 253-265.
Argüello, H., Carvajal, A., Costillas, S. and Rubio, P. (2013)
Effect of the addition of organic acids in drinking water or
feed during part of the finishing period on the prevalence
of Salmonella in finishing pigs. Foodborne Pathog. Dis.,
10(10): 842-849.
Angen, O., Skov, M.N., Cheril, M., Agger, J.F. and
Bisgaard, M. (1996) A retrospective study on Salmonella
infection in Danish broiler flocks. Prev. Vet. Med.,
26: 223-237.
Davies, R.H., Nicholas, R.A.J., McLaren, I.M., Corkish, J.D.,
Lanning, D.G. and Waray, C. (1997) Bacteriological
and serological investigation of persistent Salmonella
Enteritidis infection in an integrated poultry organisation.
Vet. Microbiol., 58: 277-293.
Carrique-Mas, J.J., Beslin, M., Snow, L., McLaren, J.,
Sayers, A.R. and Davies A.R. (2009) Persistence and clearance of different Salmonella serovars in buildings housing
laying hens. Epidemiol. Infect., 137: 837-846.
Ferederick, A. and Huda, N. (2011) Salmonella, poultry
house, environment and feed: A review. J. Anim. Vet. Adv.,
5: 679-685.
Salvat G. (1997) Prévention des problèmes de santé publique liés aux produits issus de la filière avicole. Bull. de
l’Académie Vét. Franc., 70:43-68.
De Busser, E.V., De Zutter, L., Dewulf, J., Houf, K. and
Maes, D. (2013) Salmonella control in live pigs and at
slaughter. Vet. J., 196: 20-27.

********

Veterinary World, EISSN: 2231-0916

1108

