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Abstracts

A new regulation on Salmonella control in Serbia has been implemen-
ted recently. The main goal is to eliminate two most common serovars, Sal-
monella Enteritidis (SE) and Salmonella Typhimurium (ST) from the poul-
try farms and to keep the infections caused by these bacteria under control.
Experimental work conducted in the past decade in our Institute provided
evidence that Salmonella is transmitted easily in a flock and is hard to be
eliminated from the farms and hatcheries. This is in good agreement with
the published research work by other authors. It is also evident that good
management practice and vaccination strategy must be implemented in po-
ultry production. Therefore a simple questionnaire for poultry producers
and hatchery experts to provide a quick overview of the management prac-
tice was designed in order to find out shortcomings. Salmonella monitoring
must be conducted by applying bacteriological examination while serology
control is efficient more during exploitation and less during rearing. Howe-
ver, it was found out that bacteriology and serology can be successfully
combined in order to estimate the infection status. Although regular bac-
teriological screening for salmonella is compulsory, some farmers in the
country do not pursue this type of analysis at the recommended frequency.
Subsequently, those who send the samples for bacteriological examinati-
on more often seem to have more salmonella related problems. The most
frequent finding of salmonella was in the chickens that died during tran-
sportation and the first three days of life and from paper pads. Extremely
rare finding of salmonella was in breeding eggs and even rarer in table
eggs. If environmental samples from commercial layers are positive, sero-
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logy testing is recommended. Salmonella isolated from chickens and farm
premises in Serbia were susceptible to most antimicrobials tested. Multiple
resistances was quite seldom but approximately 20% of the isolates were
quinolone resistant. The resistance to fluoroquinolones was not detected.
However, Salmonella highly resistant to nalidixic acid with MIC (minimal
inhibitory concentration) to NAL > 512 pg/ml were less susceptible to ci-
profloxacin, although MICs to CIP were still below the CLSI recommended
breakpoint (R > 4 pg/ml). Similar reports were obtained in investigation of
salmonella isolated from human stool and the research indicates that the
most frequent serovar in the country in humans, food and poultry include
Salmonella Enteritidis, Salmonella Typhimurium and Salmonella Infantis.
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Kratak sadrzaj

U Srbiji je nedavno usvojen novi zakon o kontroli salmonela. Glavni
cilj je da se sa farmi zivine elimini$u dva najucestalija serovara: Salmonella
Enteritidis (SE) i Salmonella Typhimurium (ST) kako bi infekcije prouzro-
kovane ovim bakterijama bile pod kontrolom. Eksperimentalni rad koji je
poslednje dve decenije sporoveden u nasem Institutu ukazuje na to da se
salmonela lako prenosi kroz jata i da se tesko eliminge sa farmi i iz inku-
batora. Ovo je u skladu sa objavljenim radovima drugih autora. Takode je
evidentno da se dobra proizvodacka praksa i strategija vakcinisanja mora-
ju uvesti u proizvodnju Zivine. Zbog toga je osmisljen jednostavni upitnik
za proizvodace i stru¢njake iz oblasti zZivinarstva, kako bi se stekao uvid u
praksu upravljanja i da bi se uo¢ili nedostaci. Pracenje salmonele se mora
sprovesti primenom bakteriologkih ispitivanja, dok je seroloska kontrola us-
pesnija tokom eksploatacije, a manje tokom uzgoja. Medutim, uoceno je da
bakterioloska i serologka ispitivanja mogu uspe$no da se kombinuju, kako
bi se odredio infektivni stastus. Iako je vrSenje redovnog bakterioloskog
pregleda obavezno, neki farmeri u na$oj zemlji ne rade ove analize onoliko
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Cesto koliko je to preporuceno. Zbog toga se stice utisak da proizvodaci koji
$alju uzorke na bakteriolosko ispitivanje ¢es¢e imaju vise problema u vezi sa
salmonelama. Naj¢esée se salmonela nalazi kod pili¢a uginulih tokom tran-
sporta u prva tri dana Zivota, kao i u pelenama. Salmonela se veoma retko
otkriva u oplodenim jajima, a jo$ rede u konzumnim jajima. Ako su uzorci
briseva pozitivni, preporucuje se primena seroloskih ispitivanja. Salmonele
koje su izolovane iz pili¢a i sa farmi u Srbiji su uglavnom osetljive na ve¢inu
ispitivanih antibiotika. Visestruka rezistencija se javljala veoma retko, ali
otprilike 20% izolata je bilo rezistentno na hinolone. Rezistencija na fluo-
rohinolone nije otkrivena. Medutim, salmonela koja je veoma rezistentna
na nalidiksi¢nu kiselinu sa MIC (minimalna inhibitorna koncentracija) na
NAL > 512 pg/ml bila je manje osetljiva na ciprofloksacin, iako je MIC na
CIP jo$ uvek bio ispod CLSI preporucene grani¢ne vrednosti (R > 4 ug/
ml). Sli¢ni izvestaji su dobijeni i prilikom ispitivanja salmonele izolovane
u stolici kod ljudi. Istrazivanja ukazuju da su najée$¢i serovari u zemlji kod
ljudi, u hrani i kod Zzivine Salmonella Enteritidis, Salmonella Typhimurium
i Salmonella Infantis.

INTRODUCTION

Salmonella related problems in livestock production are attributed to food
borne infections in humans. Accordingly veterinary and medical sectors are
engaged in eliminating Salmonella from the food chain. The most common se-
rovars in Serbian poultry industry are Salmonella Enteritidis, Salmonella Typ-
himurium and Salmonella Infantis. Subsequently they are also most frequently
found in stool. In the past decade a research was conducted at the Veterinary
Institute in Novi Sad and is briefly presented here. We were trying to answer
the following questions:

- Is the low level of infection with salmonella organisms detrimental to the
sentinel chickens?

- Could we discover recent salmonella infection in poultry flocks?

- What is the best way to monitor its presence?

- What is the infection level in chickens?

The research was conducted in the experimental unit of the Institute on
commercial broilers. Salmonella control was performed in routine examina-
tions of different samples. The results are discussed in the face of the current
legislative and available diagnostic accessories.
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Salmonella invasiveness

The experiment was conducted on a day old commercial broiler chickens
purchased from a local hatchery. Prior to the challenge, the chickens were
swabbed and marked as negative to salmonella. Ten one day old chickens were
infected with 10 cfu/0.1 ml of the Salmonella Enteritidis (SE) isolate (gro-
up A). Subsequently 10 sentinel (uninfected) chickens were held in the same
room with infected one (group C). The second experiment was done with
three weeks old commercial broiler chickens (a 10 day old chickens were de-
livered to the Institute and held in separate room until 3 weeks of age). These
chickens were infected with 10* cfu/0.1 ml (group B) and ten sentinel birds
(group D) were added in the same room. The infection was done by oral route.
Ten control uninfected chickens were held in the separate room through the
experiment (6 weeks).

Body weight was measured at 5, 7, 14 and 21 days post infection (dpi).
Cloacal swabs were taken individually from the infected birds and sentinels,
every day during 14 days (dpi). Control birds were swabbed at day 1 and at
the termination of the experiment. At the end of the experiment (week 6) the
chickens were sacrificed and from those infected by contact (group C and D)
the cloacal swabs were collected and the liver and ceca were taken for Salmo-
nella isolation.

At 14 and 21 dpi body weight of the chickens from group A and C was
significantly lower comparing to the control group (p<0.05). In group B the
body weight was significantly lower 14 dpi comparing to the control.

Salmonella Enteritidis could be isolated from sentinel birds and the
percent of salmonella isolation was higher comparing to the challenge
birds (Fig 1).
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Rate of Salmonella Enteritidis isolation from the cloacal swabs (Cs and
Ds), ceca (Cc and Dc) and liver (Cl and DI) is shown in Fig 2. It is evident that
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the cecum was the organ of choice for SE detection in circumstances when the
chickens were infected with low doses.

No antibodies were found by using ELISA test in the experimental groups
of chickens (A,B,C and D) at the termination of the experiment. It was conclu-
ded that the best way to monitor Salmonella infection in broilers is bacterio-
logy control and that it has to be performed in breeders and layers according
to legislative (Velhner et al., 2005¢).

ELISA serology

In Table 1 the results of serology test in three flocks of commercial layers is
presented. The flock A was imported from the EU and Salmonella was isolated
at one occasion during the production. However, this flock was not indicative
to Salmonella infection after serology examination. The bacteriology finding
was most likely accidental and did not resemble the true situation concerning
SE infection. However, flocks B and C were tested negative upon bacterio-
logy examination and yet ELISA titer was high showing that infection with
Salmonella is significant. We concluded that, if infected during rearing, layer
flocks will have high antibody titer to Salmonella later during production and
then the estimation of the level of infection would be possible applying ELISA
(Velhner et al., 2004).

Table 1: Antibody titer (Ab) determined by ELISA of individual sera on SE in flocks
A,BandC

Flock A Flock B Flock C
Ab. Ab. Ab. Ab. Ab. Ab.
No | Titre | No | Titre | No | Titre | No | Titre | No | Titre | No | Titre
1 0 11 0 1 805 | 11 |10069| 1 |(20097| 11 0
2 0 12 | 1196 | 2 |1025]| 12 0 2 0 12 0
3 0 13 0 3 |15381| 13 0 3 0 13 (27118
4 | 571 | 14 0 4 | 555 | 14 |12416] 4 |6713| 14 |17522
5 0 15 0 5 |12416] 15 | 1835| 5 |1992| 15 | 5121
6 0 16 0 6 |21627| 16 0 6 0 16 | 522
7 0 17 |5901| 7 | 890 | 17 | 2360 | 7 0 17 0
8 | 638 | 18 | 605 | 8 0 18 | 1264 | 8 | 1887 | 18 0
9 0 19 0 9 | 1316 | 19 | 3104 | 9 0 19 0
10 0 20 0 10 | 1539 | 20 0 10 | 5704 | 20 | 407

Farm management and incidence of Salmonella isolation in Southern Backa and Srem region
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Results presented in Table 2 implicate that in Southern Backa and Srem
region, the most frequent Salmonella is found in chickens that died during
transportation or at day old. Chicken carcasses were also occasionally positive
as well as unhatched eggs. This means that breeder farms are contaminated
and hatcheries are sometimes a source of the infection (Velhner et al., 2005a;
Potkonjak et al., 2006).

Table 2: Incidence of Salmonella isolation from poultry flocks in Southern Backa and
Srem region

Number of Number of Percent of
Farm o Type of sample "
samples | positive samples positive
A 5 1 Chicken carcasses 20
B 4 0 Chicken carcasses 0
C 7 1 Unhatched eggs 14.2
Chicks that died du-
D 36 8 ring transportation 22,2
E 10 0 Chicken carcasses 0
2 Chicks that died at day old
F 42 2 Chicken carcasses 9.5
G 4 1 Chicken carcasses 25
1 Chicks that died du-
ring transportation
H 19 1 Chicken carcasses 10.5
I 5 0 Chicken carcasses 0
1 Chicks that died at day one
I 7 1 Chicken carcasses 28.5

We designed simple questioners to evaluate management on poultry farms
and hatcheries (Fig 3 and 4). The idea was to challenge farmers to monitor ba-
sic critical control points and evaluate hygiene and bacteriology control during
the production cycles. According to published data the most important is to
purchase chickens from salmonella free parent flocks, to feed them with pelle-
ted feed, to perform disinfection and rodent control on farms and to disinfect
trucks on regular basis. The employed staff should keep the vehicles away from
the changing rooms (Velhner et al., 2005b; Plavsa et al., 2008).

There are different approaches to combat salmonella’s infection. In some
countries vaccination is compulsory or is introduced voluntarily, while in
other countries it is forbidden. Vaccination against paratyphoid salmonella
was introduced in Serbia a decade ago, but has been regularly performed only
in breeders. Most frequently inactivated vaccines containing SE and/or ST
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have been used, while attenuated vaccines have not been exploited yet. Sero-
logy and bacteriology monitoring in breeder flocks provided results that sti-
mulate producers to continue immunization practice (Potkonjak et al., 2007;
Potkonjak et al., 2010). Only in few cases some deviations were noticed in
relation to poor antibody response to prime vaccination, which was attribu-
ted to technical issues of vaccination procedure (unpublished data). However,
the overall benefits of immunoprophylaxis are evident according to our recent
epizootiological data that indicate some improvements of salmonella status on
breeder level. This confirms that good management practice and vaccination
in synergy lower the risk of introducing and spreading salmonella on farm and
beyond (Orli¢ et al., 2006; Orli¢ et al., 2006b; Potkonjak et al., 2010). Immuni-
zation against salmonella in commercial layer flocks is strongly recommended,
however it is not obligatory and only few farmers have implemented it in their
vaccination programs. This is the major critical point, having in mind that
table eggs are frequently implicated as a source of infection in cases of food
poisoning in humans. Since the use of antibiotics is prohibited in production
and in general not recommended to combat salmonella infections, the vacci-
nation is highly desirable, particularly for the early protection of hens. From
our experience and relevant literature, combination of live and inactivated
vaccines would give the best protection possible. In the scope of current epi-
zootiological situation, in recent future we may be faced with even more diffi-
culties. The occurrence of other serovars in poultry flocks that also represent
a risk for public health is quite possible, also having in mind the latest reports
in countries of the European Union and worldwide. The provision of serology
diagnostic tests with (somatic) antigens other than serogroup D and B could
contribute to epizootiological investigations on the target salmonella. The ori-
gin, biological properties and possible control measures against the increasing
number of Salmonella Infantis isolates, mostly from broilers call for further
investigations (Stojanov et al., 2011).
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Critical control points in hatcheries
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Critical control points in chicken farming

yes

Status of the parent flock ——» Vertical infection <
l no
yes

Status of previous L Salmonella finding <

turnover

l no
yes

Cleaning and disinfection ———» Farm disinfected <
l no
yes

Chick diet BN Feed in pellets <
l no
yes

Access to farm and
. — Correctly placed
changing rooms
l no
yes
Presence. of rodents and Observed in large
insects numbers
l no
yes
Regular bacteriol
ceutar bacterioogy L, Controls done
checks during breeding
l no
yes
Status of the flock during .
. —> Positive to Salmonella
breeding

no
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Antimicrobial resistance monitoring

Since the year 2011, resistance monitoring to antimicrobial agents has been
compulsory in Serbia. We however performed resistotyping in a collection of
60 SE isolated from stool, food and poultry. Following antimicrobials were
included in the antibiogram: ampicillin (AMP) - 10 pg; amoxicillin/clavulanic
acid (AMC) - 20/10 pg; cephalothin (CF) - 30 pg; ceftazidime (CAZ) - 30 pg;
ceftriaxone (CRO) - 30 pg; gentamicin (GM) - 120 pg; amikacin (AK) - 30 ug;
chloramphenicol (C) - 30 pug; ciprofloxacin (CIP) - 5 pg; nalidixic acid (NAL)
- 30 ug; neomycin (NEO) - 30 pg; tetracycline (TET) - 30 pug; enrofloxacin
(ENR) - 5 pg; fluorphenicol (FFC) - 30 pg; colistin (CL) - 10 ug; cefquino-
me (CEQ) - 10 pg; trimethoprim/sulfamethoxazole (SXT) - 1.25/23.75 pg;
doxicycline (DOX) - 30 ug. Discs were Rosco Denmark and Bio-Rad France
while as a control Escherichia coli ATCC 25922 was used. Only nine isolates
were resistant to NAL and among those three isolates were multiple resistant.
Two isolates from stool were resistant to AMP TET, SXT and AMP TET SXT
and NEO. One poultry isolate was multiple resistant to AMP CF NAL and
TET. In Table 3 the MIC for NAL and CIP is shown in NAL resistant and NAL
susceptible isolates (Kozoderovi¢ et al., 2011).

Table 3: Distribution of combined MICs to NAL and CIP among NALS CIPS isolates (30)
and among NALR CIP® isolates (9)

MIC (ug/ml) MIC (ug/ml)
NAL CIP  Number NAL CIP Number
of isolates of isolates
NALS CIP® 2 0.016 1 NALRCIP® 128 0.256 1
4 0.016 7 256 0.256 5
4 0.032 20 256 0.512 2
4 0.064 1 512 0.512 1
8 0.032 1
E. coli 1 0.016
ATCC 25922
CONCLUSION

Salmonella control in Serbia has to be more intensive and performed on
regular basis on all farms and hatcheries, since the farmers who perform con-
trol more frequently, seem to have more Salmonella related problems. Such
result does not resemble the real situation on the field. The control must be
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as comprehensive as possible and as objective as possible. Salmonella spreads
easily and is impossible to eliminate it once the flock is contaminated. This
makes the eradication difficult and demanding. The pyramidal principle of
Salmonella elimination from the top to the bottom (breeders-hatcheries-bro-
ilers or commercial layers) would be the best option to cope with this type
of infection. Next is to improve food processing, transportation, storage and
preparation. Consumers education on safe food handling is also necessary.
If recent infection in the flock has to be elucidated, ELISA testing could be
helpful, if preferable test kit is used. Even then interpretative criteria could be
difficult. If the level of Salmonella infection needs to be estimated, combining
bacteriology and serology, will be more informative. Until now the resistance
to antimicrobial agents is fairly good. Monitoring needs to be in continuity
and CLSI standards must be followed when interpreting obtained MIC results.
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