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Abstract

For the control of Sa/monella spp. a total of 571 samples from birds were tested in 2015. The sam-
ples (fresh feces and shoe pads - 303 pcs.; dust and socks - 244 pcs. and internal organs and feces of exotic
birds - 24 pcs.) originating from 56 poultry sites, were classified in 4 categories: breeding flocks - 11 pcs.;
laying hens - 26 pcs.; broiler chickens - 18 pcs. and exotic birds - 1. The diagnostic materials were tested
according to BDS EN/ISO 6579, Amendment 1: Annex D.

Of all the 56 sites tested (100%), 6 (10.71%) were positive for Salmonella spp.: breeding flocks -
1.78%; laying hens - 7.15%; broiler chickens - 0.0%, and exotic birds - 1.78%. Salmonella spp.-positive
sites were distributed by category as follows: breeding flocks - 9.09%; laying hens - 15.38; broiler chickens
- 0.0%, and exotic birds - 100%.

Of the 571 samples studied (100%), the 12 samples (2.1%) found positive for Salmonella spp. in-
cluded: breeding flocks - 0.35%; laying hens - 1.58%; broiler chickens - 0.0%, and exotic birds - 0.17%.
The Salmonella spp.-positive samples were distributed by category as follows: breeding flocks - 1.52%;
laying hens - 3.93%; broiler chickens - 0.0%, and exotic birds - 4.17%.

Five Salmonella serovars were typified distributed as follows: Enteritidis - 25% Infantis - 25%; Cor-
vallis - 25%, Typhimurium - 16,67 % and Thompson-8,33%.

In 2015, the most common confirmed human pathogenic serovars of Sa/monella were: Typhimurium,
isolated from laying hens and parrots, and Enteritidis from laying hens.

The tendency to isolate S. Infantis and S. Corvallis from breeding flocks and laying hens remained
unchanged.. In 2015, Salmonella spp. was not isolated in the broiler chickens category in contrast to 2014,
when S. Infantis was found in 0.8% of the samples.
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Pe3rome
3a xkoHTpox Ha Salmonella spp. pe3 2015 1. ca u3cnensanu 571 Op. mpodu oT nTHIH (CBEeXKHU (heka-

U ¥ 00yBHU TamnoHu — 303 Op.; mpaxoBu npoOu U MapieHH yopanu - 244 Op. OT KOKOLIKHU U BbTPELIHU
opranu u Qerec oT eK30TUYHU NTULH — 24 Op.), TPOU3XOKIAITH OT 56 MTHUIIEBBIHU 00CKTH, KiacuDUIIH-
paHu B 4 KaTeropuw, B T. U.: pa3BbAHU cTajga — 11 Op.; KOKOLIKK HOCauku — 26 Op.; nuieta Opoitnepu — 18
Op. u exk3oTuaHM NTUIM — 1 Op. lnarnoctuaauTe Marepuanu ca uzcieaBanu cbrracHo bJIC EN/ISO 6579,
Nsmenenue 1, [lpunoxenue D.

Ot uscneaBanute Bcuuko 56 obekra (100%), 6 obekra (10,71%) ca monoxurennu 3a Salmonella
Spp., B T.4.: pa3BbAHU cTana — 1,78 %; xokomku Hocauku — 7,15%; munera 6poiinepu — 0,0 % 1 ek30TUYHU
ntuiy — 1,78%. [onoxurennure 3a Salmonella spp. 00eKTH 1O KaTErOpUu ce pa3npeaesisiaT KaKTo Clie/iBa:
paszepaau cranga — 9,09%; kokomku Hocauku — 15,38; munera Opoitnepu — 0,0% U €K30TUYHH NTULA —
100%.

Ot uzcneasanute 571 6p. mpodu (100%) 12 6p. (2,1%) ca nonoxurennu 3a Salmonella spp., B T.4.:
paspanu ctana — 0,35%; kokomku Hocauku — 1,58%; muneta Opoiinepu — 0,0 % ¥ eK30TUYHH NTUIH —
0,17%. Ionoxurenuure 3a Salmonella spp. TpoOU TO KAaTerOpuu MTULK CE PA3NPEACNISIT KaKTO CIIEBA:
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pasBbaHU cTanga — 1,52%; xokomku Hocaduku — 3,93%; nunera 6poinepu — 0,0% M €K30TUYHU NITUIN —

4,17%.

Tunuzupanu ca 5 cepoBapa Sal/monella cve cnequoTo As10BO pasnpenenenue: Enteritidis — 25%;
Infantis — 25%; Corvalis — 25%, Typhimurium - 16,67% u Thompson — 8,33%.

IIpe3 2015 r. ca moka3zaHM Hall-aTOreHHUTE 3a YOBeKa cepoBapu Ha Salmonella: Typhimurium
— OT KOKOIIIKM HOCAukd W mamaraiu u Enteritidis — oT KOKOIIKM HOCadkH. 3ama3Ba ce TCHICHIHUATA 32
ycranoBsiBane Ha S. Infantis u S. Corvalis oT pa3BbHU cTa/la U KOKOIIKK HOCaYKu. OT KaTeropus muieTa
Opoiinepu npe3 2015 1. He e uzonupana Salmonella spp., 3a paznuka ot 2014 r., koraro B 0,8% ot mpobute

e nokazana S. Infantis.

Introduction

The European Union summary reports on the
trends and sources of zoonotic agents and food-
borne outbreaks indicate that salmonella infections
in birds are a public health risk. The two Salmo-
nella serotypes with the highest zooanthropogen-
ic significance are Enteritidis and Typhimurium
(CR-517, 2011; EUSR-TSZ, 2012; CR-200, 2012;
ARZ-D, 2013; Albugerque et al., 2014; Barbour
et al., 2015). Although S. Enteritidis and S. Typh-
imurium are the most common causes of human
foodborne outbreaks, the remaining Sa/monella se-
rovars should also be subject to control (Nelson and
Sheppard, 2009). Carrique-Mas and Davies (2008)
define S. Enteritidis, S. Typhimurium, §. Infantis, S.
Hadar and S. Virchow as serovars of great public
health importance.

ARZ-D (2013) and EUSR-TSZ (2012) relat-
ed to the establishment and significance of zoonotic
pathogens in food of animal origin for the period
2010-2012 showed that the dominant pathogens
were Campylobacter coli/jejuni - 67.1%, followed
by Salmonella spp. - 20.3%, Yersinia enterocolitica
- 6.2%, and Verotoxigenic E. coli VTEC - (3.3%).

Mueller-Doblies (2014) cited an EFSA report
on the incidence of human infections reported in
2012 due to the consumption of food products of
animal origin. The salmonellosis ranked second
after campylobacteriosis; S. typhimurium - 22.1%,
monophasic S. Typhimurium serovars with antigen-
ic formula 1, 4 [5], 12: 1 - 7.2%, S. Infantis - 2.5%,
S. Stanley - 1.4%, S. Thompson - 1.3%, serovars
Newport, Derby, Panama - 0.9%, S. Kentucky -
0.8% and other serovars - 20.7%, i.e. more than
70% of the cases were caused by target serovars.

Salmonella serotypes change annually across
different countries, which is a consequence of glo-
balization and especially of the trade with animals,
their products, feed and international travel and
human migration. The two foods that are a major
cause of foodborne outbreaks due to Salmonel-
la spp. are eggs and poultry meat (Barbour ef al.,
2015). In 67.8% of the samples tested, the most pre-
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dominant serovars proved to be: Infantis - 70.9%,
Typhimurium - 18.5%, Derby - 14.56%, Virchow
- 4.9% and Enteritidis - 0.97%. More than 50% of
the salmonella infections isolated in humans in the
EU countries were caused by 5 serovars: Typhimu-
rium, Enteritidis, Newport, Haidelberg and Javianu
(CR 517, 2011; Habrun et al., 2012 ARZ-D, 2013).

As the EU works as a single market, the Eu-
ropean Commission has played an important role in
harmonizing and coordinating the Salmonella con-
trol programs in the EU aimed at reducing the prev-
alence of Salmonella, partly based on a reduction
in Salmonella prevalence at the primary production
level.

In the Republic of Bulgaria, the national
Salmonella control programs for breeding flocks
and laying hens have been in operation since 2008
(SCP-BF, 2016; SCP-LH, 2016) and the Salmo-
nella control program for broilers has been imple-
mented since 2009 (SCP-B, 2016). The programs
aim at establishing the health status of breeding
flocks, laying hens of the genus Gallus Gallus and
broilers with regard to S. Enteritidis, S. Typhimuri-
um, S. Infantis, S. Hadar, S. Virchow, and all other
Salmonella species, and reducing the percentage of
Salmonella-positive flocks to 1% or less (SCP-BF,
2016; SCP-LH, 2016; SCP-B, 2016) positive for
target serovars.

The purpose of this study is to investigate the
prevalence of Salmonella spp. in breeding flocks,
laying hens and broilers as a result of the imple-
mentation of the Salmonella control programs for
poultry in 2015.

Materials and Methods

In 2015, we surveyed a total of 571 samples
of birds, including: fresh feces and shoe pads - 303;
powder samples and gilt socks - 244 pcs.; internal
organs and feces from exotic birds - 24 pcs. Sam-
ples originated from 56 sites classified into 4 cat-
egories, including breeding flocks (parents) - 11;
flocks of laying hens - 26; broiler flocks - 18 pcs.
and exotic birds — 1.

Bacteriological research was carried out at



the Laboratory of Bacterial Diseases of Animals at
the National Diagnostic Research Veterinary Med-
ical Institute (NDRVMI), Sofia. For the cultivation
and isolation of Salmonella spp. we used: buffered
peptone water, semi-solid Rapaport-Vasiliadis agar,
brilliant grunt lactose sucrose agar, xylose lysine
deoxycholate agar, nutrient broth and nutrient agar.
Diagnostic materials were developed according to
Standard BSS EN/ISO 6579 - Horizontal Method
for Isolation of Salmonella spp. Amendment 1: An-
nex D, 2007: Isolation of Salmonella spp. in animal
faeces and in environmental samples from the pri-
mary production stage, a method recommended by
the Community Reference Laboratory for Sal/mo-
nella in Bilthoven, the Netherlands.

We performed the serological confirmation
of the isolates with pooled agglutinating serum A-E
serum, and serotyping was performed in the Na-
tional Reference Laboratory (NRL) for Salmonel-
la, Campylobacter, Antimicrobial Resistance and
Staphylococcus aureus at the National Center for
Food Safety (NCFS), NDRVMI, according to the
Kauffmann-White-Le Minor scheme. For positive
control, we used a reference strain of S. Enteritidis
ATTC 13076.
Results

Of all 56 sites surveyed (100%), 6 (10.71%)
were positive for Salmonella spp., including: breed-

ing flocks - 1.78%; laying hens - 7.15%; chicken
broilers - 0.0%, and exotic birds - 1.78%. Salmo-
nella spp.-positive samples were distributed by cat-
egory as follows: breeding flocks - 9.09%; laying
hens — 15.38; chicken broilers - 0.0%, and exotic
birds - 100% (Table 1).

Of the 571 samples examined (100%), 12
samples (2.1%) were positive for Salmonella spp.,
including: breeding flocks - 0.35%; laying hens -
1.58%; chicken broilers - 0.0%, and exotic birds -
0.17%. Salmonella spp.-positive samples by bird
category were distributed as follows: breeding
flocks - 1.52%; laying hens - 3.93%; chicken broil-
ers - 0.0% and exotic birds - 4.17% (Table 2).

In the study of 571 samples from the four
bird categories taken from a total of 56 sites, we
isolated 5 Salmonella serovars from 12 samples. S.
Enteritidis was proved in 3 samples of laying hens
from one site (2 fresh feces and 1 powder sample).
We isolated S. Typhimurium in 2 samples - one of
the fresh feces from laying hens and one of par-
rot feces. S. Corvallis was confirmed in 1 sample
of fresh feces, one powder sample and one in shoe
pad. S. Infantis was found in a sample of fresh fec-
es of laying hens and in a sample of gilt socks of
breeding flocks, and in one flock we isolated two
Salmonella serotypes - Typhimurium and Thomp-
son (Table 3).

Table 1. Results for Salmonella spp. detected in different categories of poultry sites (n = 56) in 2015

Examined Salmonella spp.-positive Salmonella spp.-positive
sites sites of total studied sites sites in the relevant
Site category category
No. % No. % %

1. |Breeding flocks | 11 19.64 1 1.78 9.09
2. | Laying hens 26 46.43 4 7.15 15.38
3. | Broilers 18 32.15 0 0.0 0.0
4. | Exotic birds 1 1,78 1 1.78 100

Total 56 100 6 10.71

Table 2. Results from examination of flocks (n = 571) for Salmonella spp. in 2015

Positive for Salmonella Positive for
Examined spp. samples of all Salmonella spp.
Site category samples examined samples in the relevant category
No. % No. % %
1. | Breeding flocks 132 23.1 2 0.35 1.52
2. | Laying hens 229 40.1 9 1.58 3.93
3. | Broilers 186 32.6 0 0.0 0.0
4. | Exotic birds 24 4.2 1 0.17 4.17
Total: 571 100 12 2.10
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Table 3. Affiliation of Salmonella serovars by flock category

Flocks of birds

No Bird category Examined (no.)/ Isolated serovars
Positive ( no.)
1. | Breeding flocks 11/1 S. Infantis
2. | Laying hens 26/4 S. Enteritidis, S. Typhimurium
S. Corvallis, S. Thompson,
S. Infantis
Broilers 18/0 -
4. | Exotic birds 1/1 S. Typhimurium

The spectrum and percentage of Salmonella
serovars in the 3 Salmonella spp.-positive catego-
ries - breeding flocks, laying hens and exotic birds
was: S. Enteritidis, S. Infantis and S. Corvallis - 25%,
S. Typhimurium-16.67% and S. Thompson-8.33%,
and the Salmonella serotypes flocks found in the
flocks of laying hens consisted of Enteritidis, Ty-
phimurium, Infantis, Corvallis Corvallis and S.
Thompson, each serovar accounting for 20%.
Discussion

The prevalence of target serovars (Enteritidis
and Typhimurium) for the period 2008 - 2014 in
breeding flocks is as follows: 2008 - 0%; 2009 -
3.49%; 2010 - 5.19%; 2011 - 0.82%; 2012 - 0.48%;
2013 - 1.03% and 2014 - 0.84% (SCP-BF, 2016).
In 2015, the prevalence is 0%, which means that
the program goal has been exceeded by over 1%
and is in line with the results from 2008 to 2010.
Bulgaria ranked eighth after Cyprus, Switzerland,
Poland, Austria, Hungary, The Czech Republic and
Greece of prevalence of Enteritidis, Typhimurium,
Infantis, Virchow and Hadar serovars in 2012 (Mu-
eller-Doblies, 2014). For serovars different from
the targeted in 2015, the prevalence is 9.09%, well
above the previous six years. The isolation of S. In-
fantis is not surprising, due to the tendency record-
ed for this serovar to be present every year and to
dominate over the others.

Sivaramalingamet et al. (2013) investigated
the Salmonella spectrum and prevalence in breed-
ing flocks in 2002-2012 and showed that in broil-
er breeding flocks the prevalence was 47.4% and
the dominant serovars in descending order were:
Heidelberg, Kentucky, Hadar and Typhimurium.
In breeding flocks of laying hens, they recorded
—a prevalence of 25.7%, and serovars Heidelberg,
Brandenburg, Thompson and Typhimurium. Se-
rovar Enteritidis was not a particular problem for
breeding flocks in Canada, unlike in Europe.

In the flocks of laying hens, the prevalence of
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target serovars was: 2008 - 0.89%; 2009 - 0.82%;
2010 - 0.8%; 2011 - 1.75%; 2012 - 0.67%; for 2013
and 2014 - 0% (SCP-BF, 2016). In 2012, Bulgar-
ia, together with Hungary, ranked seventh place in
prevalence of the target serovars (Mueller-Doblies,
2014). In 2015, the prevalence of Salmonella spp.
was the highest since the start of the program -
15.38%. Positive targets for the target serovars were
7.69 % of the surveyed sites. For the other serovars,
the prevalence was 11.53%. In one of the 26 flocks
of laying hens we tested a mixed infection of two se-
rovars - Typhimurium and Thompson. Before 2015,
Typhimurium serovars were established only once
in 2012, and Serovar Thompson was not recorded
among the laying flocks. Gradel et al. (2002) iso-
lated mixed salmonellosis infection caused by S.
Indiana - S. Typhimurium in a broiler flock, and S.
Infantis-S. Typhimurium in another. Frietas et. al.
(2013) have demonstrated 4 pairs of serovar combi-
nations in 4flocks: S. Lexington - S. Typhimurium;
S. Corvallis - §. Lexington; S. Typhimurium - S.
Corvallis; S. Minnesota - S. Lexington. Serovar En-
teritidis appeared to be the dominant serovar in the
flocks for 2015, followed by S. Infantis, S. Corvallis
and others. By 2011, the number of serovars and the
number of flocks affected by salmonella increased,
from 2012 to 2014 it decreased from 6 to 2, and
from 15 to 2 (SCP-LH, 2016), in 2013, 2014, re-
spectively, and 2015 there was permanent presence
of S. Infantis in laying flocks. Habrun et al. (2012)
isolated 158 isolates of Salmonella spp. from laying
hens in Croatia in 2012 and established the highest
prevalence for serovars Enteritidis - 34%, Mbanda-
ka - 31% and Infantis - 12%. while a considerably
lower prevalence was observed for Typhimurium
- 5.7%, Agona - 2.5%, Seftenberg - 1.9%, Montevi-
deo - 1.3%, Virchow, Sentleyvile, Isangi and Lomi-
ta - 0.6%. In our studies conducted in laying flocks
in 2015, Salmonella-positive results were found in
3.93% of the samples of the laying flocks, and in



15.38% of the sites. Of the 26 sites studied, 4 were
positive for Sa/monella, and the isolated serovars
were 5, each with a prevalence of 20%.

In Europe, Salmonella infections in laying
hens are most commonly caused by S. Enteritidis,
in most cases being isolated from eggs due to S.
Enteritidis - specific tropism and a mechanism of
infection of eggs in the formation. In Australia,
where S. Enteritidis is not endemic, eggs are most
commonly infected with S. Typhimurium (Wales
and Davies, 2011). A major way for infecting eggs
in laying hens with S. typhimurium is the horizon-
tal infection via contaminated feces (Pande et al.,
2016). S. Enteritidis shows affinity to the internal
organs of the birds and, in particular to the repro-
ductive organs, in the case of laying hens, as a re-
sult of which the eggs are already infected in the
ovaries, however, secondary contamination with S.
enteritidis in the external environment is possible
after laying. In the European countries, the presence
of S. Enteritidis in laying hens is greater than infec-
tion with S. Typhimurium, a serovar more closely
related to infected pigs and calves, contaminated
feed or rodents (Carrique-Mas and Davies, 2008a).

The Salmonella control program for broil-
ers in Bulgaria started in 2009, with prevalence of
target serovars as follows: 2009 - 0.37%; 2010 -
0.1%; 2011 and 2012 - 0%; 2013 - 0.11% and 2014
-0.29% (3). In 2015, none of the 18 flocks studied
were positive for Salmonella spp.. The comparison
of the results for 2015 in this category with previ-
ous ones has reinforced the broiler flocks as a cat-
egory in which the target serovars are below 1%
for the seventh consecutive year (Mueller-Doblies,
2014; SCP-B, 2016). More than five-fold reduc-
tions in Sal/monella serovars and their distribution
in broiler flocks in 2014 and the prognosis for a fa-
vorable trend in limiting Salmonella infections in
them in the following years in 2015 were justified
(Dimitrova et al., 2016).

Ibrahim et al. (2013) conducted a sero-epide-
miological study on Salmonella infections in poul-
try and their significance for human health, result-
ing in the fact that, unlike European countries, in
Egypt the biggest problem was the broiler category
- with a 16.7% prevalence, an intermediate position
occupied by the breeding flocks - with 10% over-
run and the smallest for laying hens -2%. S. Ken-
tucky has been shown to have the highest degree.

When comparing the results of 2014 and
2015, there are overall differences in three direc-
tions: the prevalence of Salmonella spp. in the
relevant category, the presence or absence of the
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target serovars and the proof of new serovars for
the respective category or the formation of perma-
nent presence. In 2014, Salmonella spp. was found
in each of the studied categories: breeding flocks,
laying hens, broilers and exotic birds, but with a
low passage of 0.55%, 0.59%, 0.80% and 37.5%,
respectively, and without isolation of the two tar-
get serovars (Dimitrova et al., 2016), in contrast
to 2015, in which Salmonella spp. was not isolat-
ed from broiler flocks, and the drift in cattle, lay-
ing and exotic cattle categories was high at 9.09%,
15.38% and 100%, respectively. With the inclusion
of serovar Thompson in the category of laying hens
in 2015, the range of serovars expanded and our at-
tention became more focused, as in 2012 it ranked
third after the two target serovars (Mueller-Doblies,
2014).

Unlike Breitsma (2014) and Tauxe et al.
(2014), who found that over 50% of Sa/monella in-
fections were caused by S. Haidelberg and S. Javi-
anu, our results found serovar Infantis to exhibit
the highest survivability - 33.3%, followed by En-
teritidis, Typhimurium, Corvallis, Thompson - with
a 16.7% decrease. The results obtained by us reveal
serovar Infantis as a dominant serovar, and are in
agreement with the results found by Rotaru et al.
(2012), who surveyed 7 poultry farms in Romania
in 2009-2010, and recorded the highest prevalence
for serovar Infantis - 85.4% in 2009 and 76.5% in
2010 out of a total of 833 samples tested.

Unlike Prodanov et al. (2012), who investi-
gated Salmonella serotypes in laying hens in North
Macedonia and found that of 61 Salmonella strains
S. Enteritidis were 35, S. Typhimurium - 17, §. In-
fantis - 3, S. Derby - 2 and one strain S. Heidelberg,
S. Livingstone, S. Typhi and non-typing, we isolat-
ed serovars Infantis and Isangi in 2014 from laying
hens and serovars Infantis, Enteritidis, Typhimuri-
um, Thompson and Corvallis in 2015.

Pet birds are considered to be a rare source
of Salmonella for humans, but children, the el-
derly and those with immunosuppressive diseases
may become infected (Gerlach, 2013). Ward et al.
(2003) examined the cause of mortality of 22% of
decorative birds visiting a zoological exhibition and
isolated S. typhimurium and non-typable Salmonel-
la group B from internal organs of parrots, and Pic-
cirillo et al. (2010) describe 2 cases of Salmonella
infection caused by S. Typhimurium and underlined
the need to control Salmonella spp. in decorative
and exotic birds for company, exhibitions, zoos and
import and export. In 2015, we isolated S. typhimu-
rium from internal organs and feces from parrots



during their quarantine period after being imported
into Bulgaria, unlike in 2014, when we also found
parasites of S. Sentleyvile, which confirmed the re-
sults of other researchers (Ward et al., 2003; Pic-
cirillo et al., 2010; Gerlach, 2013).

Conclusions

The highest percentage of Salmonella-posi-
tive flocks of laying hens is 15.38 %, with the larg-
est variety of serovars: Enteritidis, Typhimurium,
Infantis, Corvallis and Thompson, two of which are
pathogenic to humans.

For the first time in 2015 Salmonella spp. was
not isolated from flocks of broilers, unlike the pre-
vious 6 years, when at least 3 serovars were con-
firmed per year.

In the category of breeding flocks, the ten-
dency of the previous 6 years with isolated S. In-
fantis and S. Corvallis and lack of target serovars
Enteritidis and Typhimurium remained unchanged.
It is recommended that decorative and exotic birds
be tested for Salmonella spp.
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