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Abstract:

BACKGROUND: Several regulatory proteins are involved in
Salmonella invasion. The key regulator of SPI-1 (Salmonella
pathogenicity island 1) ishil A, atranscriptional activator encoded
on SPI-1that regul atestheexpression of the SPI- 1 secretion system.
OBJECTIVES: Importance of hilA mutation on S. enteritidis
colonization and shedding in layer hens was evaluated in along-
termexperiment. M ETHODS: Twogroupsof layer henswereorally
inocul atedwith 10'° CFU of hil Aand parent strainsof S enteritidis,
consequently. At days 2, 7, 14, 21 and 35 post-inocul ation samples
were taken from cloaca and different parts of digestive and
reproduction systems of euthanized birds. RESULTS: In the birds
infected with parent strain, the higher numbers of colonizing
bacteria in the liver, spleen, caecum, small intestine and cloaca
vaginawere observed. Fecal sheddinginthisgroupwasalso higher
than the hilA group. However, no significant differences were
observed for the colonization of bacteriain magnum, isthmus and
infundibulum of both groups. Using PCR method, hil A gene was
only detectedintissuesof parentgrouphens. CONCLUSIONS: This
study has shown that the hil A mutant is ableto colonizeininterna
organs; animplication of thisisthepossibility that genesother than
hil A, or at least other mechanisms, might beinvolvedintheinvasion
of S enteritidistotheinternal organsof birds.

I ntroduction

In 2006 therewere 160,645 reported human cases
of Samonellosis in the 25 Member States of the
European Union (equivalent to an incidence of 35.4
cases per 100,000 people) (Lahuertaet al., 2010). At
that time salmonellosis was the second most
commonly reported gastrointestinal zoonotic infec-
tion across the EU. Outbreaks of salmonellosis are
mainly related to the consumption of contaminated
eggs or egg-products and, less frequently, of poultry
meat (Huneau-Salaiin et al., 2009). The overal
European Union prevalence of Salmonella in table
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eggswas 0.8% in 2006 and more than 90% of all egg
isolates was S enteritidis, and S enteritidis is the
most common serotype [52.3%] in the laying flock
environment (Lahuertaet a., 2010). The persistence
of thisorganismin poultry houseenvironmentsposes
acontinuingthreat of infectionfor layinghens(L apuz
et al., 2008). Additionally, thereis suggestion that S.
enteritidis has some intrinsic characteristics that
alow a specific interaction with either the re-
productive organs of laying hens or the egg
components (Gantoiset al., 2009).

Following oral ingestion, Salmonella colonizes
the chicken gut, especially the caeca, where it
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penetrates the mucosal epithelium (Bohez et al.,
2008). Salmonella actively stimulatesitsown uptake
into epithelial cells by inducing cytoskeleton
rearrangements and membrane ruffling. These
morphological changes are triggered by proteins of
Salmonella secreted into the cytosol of the epithelial
cellsviaatypelll secretion system [TTSS] encoded
by genes of the Salmonella pathogenicity island 1
[SPI-1] (Aiastui et al., 2010). Severa regulatory
proteins that are involved in Salmonella invasion
have been characterized (Lucasand Lee, 2000). The
key regulator of SPI-1 is hilA, a transcriptional
activator encoded on SPI-1 that regulates the
expression of the SPI-1 secretion system as well as
many of itssecreted effectors (Saini et al., 2010).

HilA knock-out mutants are unable to enter
epithelial cellsinvitro. Despitethe numerousstudies
onregulationof hilAat themolecular level, studiesof
theeffectsof hilAexpressiononinvivovirulenceare
scarce(Bohezetdl., 2006). Thestudy of Lichtensteiger
and Vimr (2003) showed that after early infectionin
pigs, ahil Amutant of thehost-adapted S. chol eraesuis
failed to colonize in the intestine and spleen early
after oral infectioninasignature-tagged mutagenesis
[STM] experiment (Lichtensteiger and Vimr, 2003).
Furthermore, in mice and calves it was shown that
colonization of Payers patches and spleen was
reduced early after oral infection using thesignature-
tagged mutagenesis approach. SPI-1 mutants of S.
typhimurium LT2, however, were ill able to
colonizetissuesearly after infection of young chicks
(Morganetal., 2004).

Bohez et al. (2006) reported that hilA is the key
regulator of the Salmonella enteritidis pathogenicity
Island |. Authors explained that very low numbers of
hil A mutant strain of Salmonella enteritidis are able
tocolonizeintheinternal organs, anditssheddingis
significantly decreased relative to the parent strain
when chicks are inoculated with hilA mutant of S.
enteritidisanditsparent at day of hatch (Bohezetal.,
2006).

It isnot known whether SPI-1 mutantsare ableto
colonizelayer hen'sgastrointestinal andreproductive
organs in the long-term after oral infection. So, the
present study was designed to evaluate the im-
portance of hilA mutation on S. enteritidis coloniz-
ation and shedding in layer hens in a long-term
experiment. Therefore, S. enteritidishil Amutant and
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its parent strains were orally administered to layer
hens. Fecal, egg shedding and organ colonization
were monitored for 35-dayspost infection.

M aterial and methods

Bacterial strain: S enteritidis phage type 4,
strain NIDO 76Sa88 Nalr [parent strain] and itshil A
mutant which is used in this experiment, were
obtained from Ghent University, Belgium. The
nalidixic acid resistant strain is well-characterized
(VanImmerseel et al., 2002).

Hens: Fifty 26-week-old broiler breeder hens
wereselectedfromanArian Grand Parentfarmthatis
under strict control for Salmonella and other
infectious diseases. They were free of any apparent
disease throughout the growing and laying periods.
Beforethestart of theexperiment cloacal swabswere
taken from all hens and checked for Salmonella
infection to confirm that the animals were
Salmonella-free.

Henswere randomly divided in two groups of 25
birds. Each group of birds was inoculated by oral
routeinthecrop, using aplastictubewith 10" col ony
forming units [CFU] of S enteritidis 76Sa88 Nalr
parent strain [St] and S. enteritidis hil A mutant [hA]
in avolume of 1 mL of PBS as reported previously
(Bohezet ., 2006).

At days 2, 7, 14, 21 and 35 post-inoculation,
cloacal swabs were taken from survived hens and
examined for S enteritidis. Additionally, egg
productionwasreported per group, and 10 eggswere
pooled and cultured. On the same days two hens per
group were euthanized and post-mortem examin-
ations were carried out. For bacteria analysis,
sampleswere taken from different parts of digestive
[caecal, small intestine, liver and spleen] and
reproduction[infundibulum-ovules, magnum,isthmus
and cloacal-vagina) systemsseparately.

Bacteriological analysiss Swabs from the
cloacaewereplacedin5mL selenitecysteinbrothand
after 24h incubation at 37°C, were cultured on
Salmonella - Shigella [SS] agar plates. Suspected
colonieswereculturedinTriplesugar ironagar [TSI]
and ureabrothtubes. Samplesof internal organswere
homogenized, and 10-fold dilutions were made in
PBS. From each dilution, 100 pL wascultured on SS
agar plates with 20ug/mL nalidixic acid. After
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overnight incubation [37 °C], the number of CFU/g
tissue was determined by counting the bacterial
colonies (Bohez et a., 2006). For samples which
were negative after titration, pre-enrichment and
enrichment wereperformedin selenitecystein broth.
Samplesthat werenegativeafter titration but positive
after Salmonella enrichment were presumed to
contain 10" CFU/g organs. Samples that were
negative after enrichment were presumed to have 0
CFU/g. The mean CFU/g tissue was calculated for
each group.

On the experimental daily basis, every 10 eggs
were pooled together into sterile honey jars and the
contents were mixed and homogenized by shaking
the jars. These were incubated at 37°C for 48 hours
and then plated onto the antibiotic containing SS
agars.

PCR: DNA was extracted from tissue samples
using DNA Purificationkit [ Fermentas, Madein EU]
andwasused asatemplateto detect ST, spv, SefAand
hil A genesby mono and multiplex PCR [Table 1].

For multiplex PCR, threesetsof primers[Table 1]
were selected from different genomic sequences
amplifying a429 bp fragment specific for the genus
Salmonella within arandomly cloned sequence [ST
geneg], a250 bp fragment withinaspv gene, anda310
bp fragment within the sefA gene specific for
Salmonella enteritidis (Pan and Liu, 2002).

Thepolymerase chainreactionwasdevel opedfor
detection of hilA gene [401 bp] in parent strain of S
enteritidis that was inoculated orally in standard
grouphens[Tablel]. Thehil Aprimersweredesigned
accordingtothehil Agenesequencefoundat Genome
Net [www.genome.ad.jp], accession number
U25352.

Both reactions were performed in afinal volume
of 25 L containing template DNA, PCR buffer [20
mM Tris-HCI pH 8.4, 50 mM KCl], 1.5 mM MgCI2,
0.25mM of dNTPs, and 1 U of Tag DNA polymerase,
20pmoleof specificforward and reverseprimers.

Amplificationwascarried out usingaTechneTC-
512 thermocycler [Techne Industrial, UK], as
follows: 35cyclesof 30sfor denaturationat 94°C, 90
sforannealingat 56 °C, and 30 sfor primer extension
at 72°C, followed by aterminal extensionat 72°Cfor
10min.

Theamplification productswere el ectrophoresed
on 1.2% agarose gelsand 100-bp ladder was used as
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a molecular weight marker. The gels were stained
with ethidium bromide [2 ug mL-1] to visualize
fluorescent bands while using UV in the gel
document system [BIORAD Laboratories, UK].

Results

Eggproduction and eggculture: Followingoral
inoculation productivity decreased to alow level in
both groupsof hens, but wasmore pronounced inthe
standard group [Table 2]. Egg pool cultures were
positiveat 7 and 14 dpi inthe standard group whereas
itwaspositiveat 2 and 14 dpi for hil A group hens.

Figureldescribesthepercentagesof S enteritidis
isolation from cloacal swabs of the two groups of
hens. The percentage of isolation was higher in
standard compared to hil A group hensthroughout the
experimental period. Salmonella isolation from
cloacal swabs was 64% positive a 2 dpi and
decreased to 25% at 35 dpi in standard group hens,
while in the hil A group birds, the isolation rate was
24% positive at 2 dpi and decreased to 0 % at 14 dpi,
which remained negativeto about 35dpi.

Internal organs culture: Table 3 indicates the
recovery and colony countsof S enteritidisfromthe
different parts of the digestive system. S enteritidis
was isolated from different parts of the gastro-
intestinal system throughout the sampling times, but
the majority of detection was from the hens of the
standard group compared to the hil A group hens. In
the standard group, the highest recovery rate of S
enteritidis was performed from caecum and small
intestine until 14 dpi, whereasin the liver-spleen it
was done until 7 days post infection. In the hilA
infected hens, thehighest S enteritidisrecovery was
observed fromthe caecum and small intestinetissues
at 2dpi, whilebacterial isolationfromtheliver-spleen
was not observed permanently [ Table 3].

Thetotal recovery of S. enteritidisfrom different
partsof thereproduction systemwaslower thanfrom
the digestive system and the majority of isolates of
this system were from the standard group hens,
compared with hilA group hens [Table 4]. In the
reproduction system, generally the highest recovery
of S enteritidis was performed from the cloaca-
vaginaandthereafter ininfundibul um-ovul estissues.

PCR detection of S. enteritidis: Figures2 and 3
show some results of PCR that were carried out on
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Table 1. Primersusedforidentification of Salmonella enteritidisby polymerase chain and multiplex polymerasechainreaction (Panand
Liu, 2002).

Amplification product [ bp] Sequence Primer
429bp 5'-GCCAACCATTGCTAAATTGGCGCA-3 ST11 ST
5 -GGTAGAAATTCCCAGCGGGTACTGG-3 ST14
250bp 5'-GCCGTACACGAGCTTATAGA-3 S1 Sov
5 -ACCTACAGGGGCACAATAAC-3 SA
310bp 5 -GCAGCGGTTACTATTGCAGC-3 SEFA2 SEA
5 -TGTACAGGGACATTTAGCG-3 SEFA4
401bp 5 -ACGGCTCCCTGCTACGCTCA-3' hilA-F hilA
5-GCTCAGGCCAAAGGGCGCAT-3' hilA-R

Table2. Percentagesof egg production and egg pooled culture after infection of hensby standard [St] or hil A[hA] strainsof Salmonella
enteritidis. (*) Daily percentage of egg production/ number of hens.

Dayspost infection/ Percentages % Eggpooled culture
groups S hA S hA
2 42/25* 44/25 - +
7 56/23 62/23 +
14 55/20 57/21 + +
21 50/18 47/19 - -
35 62/16 65/17 - -

Table 3. Recovery and counts[log10 CFU/g] of Salmonella enteritidisfrom different parts of digestive system of standard [ St] and hilA
[hA] group hens. dpi = days post infection.

2dpi 7 dpi 14 dpi 21dpi 35dpi
Digestive system/ groups
hA S hA S hA S hA S hA
Small intestine 2 23 2 0 27 0 1 1 1 0
Caecum 4.2 2.3 35 1 4 1 1 1 1 0
Liver & spleen 26 1 23 1 0 1 1 1 1 0

Table4. Recovery and counts[log10 CFU/g] of Salmonella enteritidisfrom different partsof reproduction system and the cloacal swaps
instandard [st] and hil A[hA] group hens.

) 2dpi 7dpi 14dpi 21dpi 35dpi
Reproduction system
S hA S hA S hA S hA S hA
Infundibulum-ovules 0 1 1 1 1 1 1 0 0 0
Magnum 0 1 0 0 0 0 1 1 0 0
Isthmus 0 1 1 0 0 0 0 1 0 0
Cloaca-vagina 2 0 1 1 0 0 1 0 1 0

DNAs extracted from different tissues. In most
tissues of the two groups of hens, S. enteritidis was
detected at 2 and 7 dpi while PCR results were
negative at 14 and 35 dpi. Three genes for S
enteritidisidentification were detected in thetissues
related to both hil A and standard group hens (Figure
2A,B), whileaswasexpected hil Agenewasdetected
only intissuesof standard group but notin hilAgroup
hens(Figure3A, B).

Discussion

Following Salmonella inoculation, egg produc-
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tion decreased to a low level that was more
pronounced in standard group birdscomparedto hil A
group birds. Whether thiswasaresult of S. enteritidis
infection or from handling during the inoculation of
bacteriaand sampling is unclear. The eggs contents
culture results were not consistent at different days,
but it seems during the period when Salmonella was
isolated fromthereproduction system, Salmonellain
egg cultureswas positive.

Natural infection of poultry by Salmonellaoccurs
via oral route, and Salmonella colonizes in the
intestinal tract with the cecabeing the primary site of
colonization (Impey and Mead, 1989). At this site,
individual and groups of Salmonella bacteria lying
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2dpi Tdpi 14dpi 21dpi 35dpi
dpi: days post infection, cl: cloac

Figurel. Thepercentageof S.Enteritidisisolationfrom cloacal
swabsof standard [St] and hil A [hA] group hens.

429bp
310bp
250bp

Figure 2. Multiplex polymerase chain reaction for detection of
S.Enteritidis in standard (A) and hilA (B) groups hens: 1,7=
Gene Ruler; 2,8= Control (+); 3,9= Liver (2dpi); 4,10= Liver
(24dpi); 5,11= Caecum (7dpi); 6,12= Caecum (35dpi).

12 3 456 78 9 10011
401 bp

Figure 3. Polymerase chainreaction for detection hil A Gene of
S.Enteritidis in standard (A) and hilA (B) groups hens: 1,7=
Gene Ruler; 2,8= Control (+); 3,9= Liver (2dpi); 6,12= Liver
(35dpi).
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free within the cytoplasm and in membrane-bound
vesicles of caecal epithelial cells, as well asin the
extracellular space of the lamina propria, have been
detected by electron microscopy (Desmidt et d.,
1996).

Bohez et al. (2006) reported that hilAisrequired
for caecal colonization and long-term shedding of S
enteritidis in broiler chickens, as very few hilA
mutant bacteria would be able to colonize in the
internal organs(Bohez et al ., 2006). Thecurrent study
indicated that recovery and the counts of Salmonella
enteritidis from different parts of gastrointestinal
organsin standard group henswere much higher than
hil A group hens; recovery ratesof S, enteritidisfrom
thecaecumof standard group birdswasclearly higher
than the hil A group birds during the first two-week
post infection. Since the hil A mutant of Salmonella
could still be able to colonize in internal organs of
birds, in agreement with the report of Bohez et a.
(2006), the ability of the hilA mutant strain for
colonization might be due to the existence of
additional mechanisms like sipC and invF proteins
for Salmonella pathogenicity and internal organ
invasion (Murray and L ee, 2000).

It is generally believed that colonization of the
reproductive organs is a consequence of systemic
spread of Salmonella from the intestine (Vazquez-
Torresetal., 1999). Inthepresent study, S. enteritidis
recovery from infundibulum-ovules and cloac-
vaginawere higher in comparison with the magnum
and isthmus. In the magjority of studies, a higher
frequency of ovary colonization was reported,
compared with thefrequency of recovery from other
sectionsof theoviduct (Gastetal ., 2007). Itisstrongly
believed that S. enteritidis must interact with the
cellular components of the pre-ovulatory follicles,
hence the extensive permeability of the vascular
endothelia observed in the ovary may contribute to
thehigher colonizationrateat thissite(Griffin, 1984).

In the reproduction system, only the recovery
rates of S. enteritidis from cloac-vagina of standard
group henswere clearly higher than the hil A group
hens, which persisted up to the 35th day post
infection. This coincides with the higher contamin-
ation of the caecum in standard group hensthat was
accompaniedwithfurther sheddingof S. enteritidisin
faeces of these hens as well. Therefore, better
recovery of Salmonella was observed from their
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cloacal swab samples.

In PCR test, S enteritidis was identified by
detection of three related genes in tissues of both
standard and hil A group hens. However, the lack of
hilA gene in the tissues of hilA group hens was
indicative of not cross-contamination of hil A group
henswith standard strain of Salmonellain thisstudy.

The results of this study indicated that, hilA
mutant of S enteritidis has reduced ability of
contamination in the digestive and reproduction
systemorganspreferably inthecaecum of thelaying
hens. Since hil A mutant of Salmonella could still be
ableto contributein col onization of thehens internal
organs, it is suggested that other genes and
mechanisms besides hilA might be involved in the
invasion of S enteritidis. Further studies must be
carried out to reveal theeffectsof other factorswhich
might be involved in the process of Salmonella
virulence mechanisms.
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