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SUMMARY

Examination of different samples from 750 chicken cases of various
growth stages, revealed the isolation of 42 Salmonella isolates (5.75%).
The isolated salmonellae were serotyped as Salmonella enteritidis
(20 isolates), Salmonella typhimurium (13 isolates), Salmonella infantis
(5 isolates), Salmonella montivideo (3 isolates) and Salmonella cerro
(1 isolate). Antibiogram of the isolated Salmonellae indicated multidrug-
resistance to one or more than of the tested antimicrobial agents.
Pathogenicity tests in one-day old chicks proved the virulence of all
examined serovars with various degrees of pathogenicity and all were
positive for congo red activity. SDS-PAGE protein analysis of different
serovars revealed 6-10 protein bands ranged from 13.631-200.5 KD,
which in relation to the isolated Salmonella serovar. Immunoblotting of
the isolated serovars revealed the presence of common protein bands at
15, 29 and 35 KD. The highest antigenicity protein band of &
fyphimurium was detected at 354 KD, while in S enferitidis was
detected at 29KD; in S. montivideo at 39.8 KD, in 8. infantis at 25.128
and 34.091 KD, while S. cerro had the highest antigenic protein band at
143.08KD. In conclusion, SDS-PAGE analysis and immunoblot provide
a recent and accurate techniques for detection of salmonellosis in
chickens, in addition to offer the use of immunogenicity of different
detected immunogenic bands to serve as components of an effective
subcellular vaccine for poultry salmonellosis.

Key words: Chickens, Salmonella, antimicrobial agents
INTRODUCTION

In the last decades, poultry and poultry products have been the
main source of non-host specific Salmonella infecting humans (Shahata,
1979, Abd El-Hamid ef al., 2004 and Murugkar ef al., 2005). Poultry are
commonly infected with a wide variety of Salmonella serovars and there
has been considerable variation in the occurrence of the most common
Salmonella serovars in domestic fowls in different countries and at
different times.The outer membrane protein analysis has proved to be
useful technique in characterization of Salmonella (Fadl ef al., 2002 and
Ochoa-Reparz et al, 2004). On the practical basis, detection of flock
infections remains one of the most serious unsolved problems in
controlling salmonellosis in poultry. Serological studies of different
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salmonelias revealed the presence of cross reaction between Salmonella
organisms and other members of family Enterobacteriac-ae such as
Escherichia coli and Proteus spp., due to the presence 0. & common
antigen (Le-Minor et al., 1982). Thus, increased interest for the control
of salmonella in poultry requires the development of improved defection
methods. Western immumoblotting is a convenient, sensitive specific
technique for the detection of antigen and antibodies (Kim and Nagaraja,
1991). The purpose of this research work was to determine the incidence
of different Salmonella serovars isolated from chickens at different
stages of growth with reference fo their protein analysis using SDS-
PAGE as well as to study the virulence pattern of different serovars in
relation to the antigenic variation between them using immunoblotting
technique.

MATERIALS and METHODS

Chicken specimens:

Samples from liver, spleen, intestines (ceci and cecal tonsils), yolk sacs
and bone marrows were collected under complete aseptic conditions from 750
chicken cases at different growth stages (chicks, broilers and parents) either
dead (180 cases) or living ailing (550 cases) in the period from January 2006
up to March 2007. The samples were submitted to Bacteriological Unit of the
Department of Diagnosis and Research of Poultry Diseases, Animal Health
Research Institute, Dokki, Giza, Egvpt, to be examined bacteriologically for the
isolation of different salmonellae.
Isclation and identification of Salmonella from chickens

Isolation of different salmonellae from chicken samples was carried out
according to Mallinson and Snosyenbos (1994). Suspected colenies were
identified morphologically, culturally and biochemically according to Holt et
al., 1996 and Collier ef al., 1998). Serologica! identification was carried out by
slide agglutination test using polyvalent and monovalent [O] and [H]
Salmonella antisera according to Kauffmann-White scheme described by
Kauffmann (1974).
Antibiogram of the isolated salmonellae: In-vitro susceptibility testing
of Salmonella isolates to various antimicrobial agents was determined
using NCCLS method (NCCLS, 2003). Ten different commercial
antibiotic discs (Oxoid) were used. .
Pathogenicity tests of the isolated Salmonella serovars:
1-Pathogenicity in one-day old chicks:

Six groups (1 to 6) each of twenty, one-day old chicks which
proved to be salmonella—free, were used for pathogenicity testing of
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various isolated Salmonella serovars. Each group was divided into two
sub-groups A and B. Chicks in sub-groups A were infected orally with
3X10® CFU (colony forming units) of one of the isolated serovars
namely: Salmonella enteritidis, Salmonella typhimurium, Salmonella
infantis, Salmonella montivideo and Salmonella cerro. Chicks in
subgroups B were inoculated intrapretoneally with one of the same
serovars at the same dose, while the 6™ subgroups were given 0.5 ml of
sterile saline solution orally and intrapretoneally, respectively and were
saved as non infected control. All chicks in different groups were kept
separately and monitored for clinical signs and meortality for 14 days
post-infection (Bakshi et al, 2003). Postmortem examinations
accompanied by re-isolation of the infected microorganisms from
internal organs of dead chicks in different groups were attempted.

2- Congo red (CR) test: All Salmonella isolates were tested for its
growth status on congo red medium modified according to Berkhoff and
Vinal (1986).

SDS-PAGE technique: Salmonella antigens were prepared after Ahmed
et al., (1998). Protein of various Salmonella serovars was separated by
SDS-PAGE using the discontinuous buffer system described by
Laemmli (1970).

Western blotting:

A- Preparation of Salmonella antisera: New Zealand white rabbits
were used to produce antisera against different isolated salmonella
serovars according to Kim and Nagaraja (1991).

B- Application of Western immunoblotting: To identify proteins
specific for each of the isolated Salmonella serovars, Western blotting
was done using the prepared salmonella antisera according to the
procedure described by Talbot et al, (1984) The outer membrane
proteins (OMPs) of different salmonella serovars were separated by
SDS-PAGE by the method described by Laemmli (1970) and were
electrophoretically transferred to a nitrocellulose filter using transphor
electrophoresis unit cell with electroblotting buffer containing 25mM
Tris, 192 mM glycine, and 20% methanol, pH 8.3. The nitrocellulose
filter strips were stained by Ponceau S red staining (Sigma), to check the
transferred proteins and destained in distilled water. The strips were then
immersed in Tris-buffered saline (TBS) containing 20 mM Tris, 500
mM NaCl, and 3% gelatin, pH 7.5, for lhour at 37°C. The nitrocellulose
filters were rinsed briefly in Tris-Tween buffer saline (TTBS) containing
0.05% Tween-20 in TBS buffer, pH 7.5. The resuiting blots were
incubated fo' 3 hours at 37°C with serum containing rabbit anti-
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Salmonella antibodies of the corresponding Salmonella serovar diluted
in TTBS containing 1% gelatin. The unbound antibodies were removed
by rinsing the blot in TTBS and the bound antibodies wer. detected by
using conjugate labeled with horseradish peroxidase (HRP) and substrate
4 chior-1-naphthol (Sigma).

RESULTS
Table 1: Prevalence of Salmonella isolation from chickens.
Examined cases i Salmonella positive
Type Number Number : %
Living ailing 550 33 6
Dead 180 9 3
Total 750 | 42 5.75

Table 2: incidences, Congo red activity and antigenic structures of

Salmonella serovars isolated from chickens

Salmonella i Total Congo red activity ; Sero-group | Antigenic structure
Serovar E No. % Positive | Negative I [O] [H]
S.enteritidis E 20 47.62% | 20 a Dl 19,12 gm
S.typhimurium| 13 30.95% 13 0 : B 14512 |12

S infantis 5 11.90% 5 0 Cl 6,7 r:1.5

S montivideo | 3 7.14% | 3 0 | 6,7 gmsp
S.cerro I 2.38% | 1 0 | K 614,18 Z£4.728:1.5
Total 42 100% | 42 0
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Table 3: Antibiogram of salmonellae isolated from chickens.

378

Disc Antibiotic susceptibility test
Antimicrobial cone. E >
agents (ug) Sensitive Intermediate Resistant
% (% (%)
Ampicillin 25 9/42(21.4%) l 0/42(0%) 33/42(78.6%)
Amoxicillin 20 0/42(0%) | 5/42(11.9%) 37.42(88.1%)
Cephridin 30 31/42(73.8%) | 11/42(26.2%) 0/42 (0%)
Chloramphenicol 30 1SM235.7%) | 2/42(4.7%) 25/42(59.5%)
Ciprofloxacin 10 42/42(100%) t 0/42(0%) 0/42(0%)
Danofloxacin 10 42142(100%) | 0M42(0%) 0/42(0%)
Norfloxacin 10 42/42(100%) I 0/42(0%) 0/42(0%)
Gentamycin 10 14/42(33.3%) ‘ 5/42(11.9%) 23/42(54.7%)
Tetracycline 30 (/42(0%) | 3/42(7.1%) 39/42(92.9%)
Sulphamethoxazole-
trimethoprim 25 31/42(73.8%) 0/42(0%) 11/42(26.2%)
Table 4: Pathogenicity tests of isolated Salmonella serovars
in one-day old chicks.
GP. | Salmonella | Sub- | Route of Number of dead chicks /day* Total
NG infection — , -
d scrovar group 1|2 | 3| 4|56 T|SE9I[} 11 (12 |13 [NO.| %
{ A Cral | 0| 0O 2_ 2|l0/j1|oj1|0/0]1 I 0 | & |80
Sentritidis | g | yp |7/3|0/0]0jojo/ofojojo |00 |10]100
i Al om [oof2{2]2f1]e]1|0j1|0 [0 |0 |9 [
- B P 91100 ololojojolojo [0 |0 10| 100
. RaNL A Ol |OjO |2/1]1]1|1]l0|0jof0 |1 [0 |7 |70
-; = " B | U |64 00/0f0fofojojojo |0 o |10]1I00
i ra'woﬂgnhzzul-‘][nuussu
Smmtsike | g | w |7]3|0fofofe o{o|ofo utui’uim 100
. A om_iua|o|1 if1]z[z]0]1]1 ani 70
e B| v [8/2]oo]ofofojofoio]o]|o |0 |i0]100
- . ! L] ] i
: | | A | om jolaojofofofojo|ojojo[o]o]o] o0
t memm B wiai'n:n?nluﬂiﬂ:'n_uiﬂn o ﬂiﬂiﬂ
NO.= number VP=intreperitoneal *=days post-infection
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Table 5: The molecular weights (Mol.wt.) of Salmonelia serovars
compared with the melecular weights of the Sigma marker
J Lanes: I Lane 1 I Lans 2 Lane 3_[ Lans 4 Lane 5 Lane & :
1 Bands (molw.) | (molw) (molw.) | (molw.) (mol.w.) {mol.w.)
1 250 180.88 200 | 200 200.5 20033 |
2 | 160 1505 1803 | 150.9 i
3 i 130 [ 1203 { | |
7 s 100.66__| 100 10025
5 85
6 75 751 | 75.00 754
7 66 | 6015 62.5 g2.112 6271 |
i 30 | I !
G 35 35.00 35.00 34.00 35.00 36532 |
10 24 26.00 25.721 | 25.66 25.00 25921
11
12 184 19.095 | 18.559
13 : 15.471 1581 | 15643 15.532 15
14 143 14.5 13.631

Lane (1): protein marker Lane (2): S.cerre Lane (3): Semferitidis  Lane(4): S.infantis
Lane (5): S.montivideo  Lane (6): S.yphimurium

Table 6: The amount of protein and molecular weight of bands of
western blot of Salmonella species compared with the
molecular weights of western blot of bio lab-broad range
prestained molecular weights marker

o Lane 1 Lase 2 Lane 3 Lane 4 Lane § } Lene &
B4 ypbvinar oo Searro Senteriih £ vider S infants marker
Bands | (molw) | (amoum) | (molw.) | (smouss) | (molw) | (amount) | (molw) ‘ (amewra) | (molw) | (ameom) | (molw) | (smouss)
1 14731 6.1287 143.08 12.453 103.13 BTI53 135,83 ] %z 975 2742 230 9.1327
2 0968 B.I718 59677 67738 J_ 180 19.524
3 438 3.0548 43 9.783% | 105 21588
4 422 6.7024 414 3619 418 3EI94 402 34.197 75 2.101%
5 £ 2.0458 182 24581 /5 62506 398 12.591 34.945 25458 50 1227
& 354 34717 35.788 T4 34924 L6107 35194 27216 | 3408 38.625
T 3341 33 B 43283 33,409 54027 KEB 19114 33333 13306 k- 9.5337
L %02 13222 3 5.5432 -] 11.851 9421 11.038 .11 12097 30 74348
a e | asisE 27051 31835 27 27661 7 047963 | 25128 | &R.032 5 2137
1o 23793 5.8539 13376 6.5721 DO | B56EZ .1 3.5863 BIw 7521
11 18.31 2497 18276 .74 1775 | 60615 18103 4,1006
12 16552 | 29288 16034 51082
i3 is 31428 15 42371 15 93732 15 63058 15345 12578 15 90185
14 11875 | 69632 11875 12288 13.125 17.064 10 10,735
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Photo 1: SDS-PAGE pmtein"f:-mﬁ_le: of Salmonella serovars isolated
Bl -1 from chickens. .
T - 2, o1 - 3 . - 35 &

A g

Lane (1): protein marker, Lane (2): S. cerro, Lane (3): S enteritidis, Lane (4): 5. inflntis,
H:{?]:& montevideo, Lane (6): 5. syphimurinm

Photo 2: Western immunoblot of Salmonella serovars isolated from
chickens.

Lane (5): S.infaniis, Lane(6): protein marker
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DISCUSSION

Bacteriological examination of different samples obtained from
chicken cases at different ages revealed that out of 730 examined cases
42 Salmonella isolates were obtained with an incidence of 5.75% (Table

1).

Similar results were obtained by Hassan er al., 2003 who isolated
35 Salmonella isolates (5.51%) out of 635 examined chicken samples.
On serotyping of the isolated Salmonellaec (Table 2) revealed that
Salmonella enteritidis was the most predominant isolated serovar
(47.62%) followed by Salmonelia typhimurium (30.95%). These results
agreed with that obtained by Abd-Allah et al., (1995), who surveyed a
large number of samples from different domestic birds and their
environmental surroundings in El-Fayoum governorate and found that
Salmonella enteritidis was the most prevalent isolated serovar (40%)
followed by Salmonella typhimurium (24%), Salmonella montivideo
(16%). However, it was noticed that during the last 10-15 years,
Salmonella enteritidis has replaced Salmonella typhimurium asthe
commonest serovar in many countries worldwide (Poppe, 2000). Isolates
of Salmonella infantis constituted 11.9% of the total number of
Salmonella isolates which agreed with the results obtained by Novak and
Polaharova (1993) and Hassan et al, (2003). Salmonella montivideo -
represented 7.14% of the isolated salmonellae, while Salmonella cerro
constituted 2.38%. the same serovars were isolated from poultry samples
with different incidences by many authors (Barnhart ef al., 1992, Abd-
Allah 1995 and Hofer ef al.,,1998).

" Concerning Congo red binding activity, all the isolated
Salmonellae were proved to be Congo red positive. It was reported that
Congo red binding activity was correlated to the invasiveness of
bacteria, as fimbria promote the binding of the hydrophobic dye Congo
red by the bacteria that produce such fimbria (Qadri ef al., 1988). Thus,
Congo red binding test may provides a simple and rapid test for
screening Salmonella strains which harbor fimbria (Dom et al., 1992).

Antibiogram of the isolated Salmonellae (Table 3) revealed
multi-resistant to more than one of the tested antibiotics. However the
isolates were sensitive to Ciprofloxacin, Danofloxacin and Norfloxacin
(100%) followed by Cephridine and Sulfamethxazole-trimethoprim
(73.8% for each).

Similar results were obtained by Lee et a/., (2003) and Gorman
and Adley (2004). Also, resistance to Tetracycline, Amoxycillin and
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Ampicillin (92.5%, 88.1% and 78.6%, respectively) were detected which
agreed with Botteldoorn ef al., (2004) and Johnson ef af,, (2005). It was
reported that multi-drug resistant Salmonella serovars cause severs and
septicemic salmonellosis more frequently than those which are non-
resistant (Helms ef al., 2002 and Gupta ef al., 2003).

The high incidence of antibiotic resistance among the tested

salmonellae may be due to the misuse of antibiotics in addition to under-
dosing and using the antibiotics as feed additives.
The pathoginicity testing of the isolated serovars in one-day old chicks
(Table 4) revealed a variation in the degree of virulence in correlation to
the variation of the type of serovar and route of infection. The mortality
rates ranged from 70% -100% in case of oral infection, while reached
100% mortalities in all groups of chicks infected intraperitoneally.
However, many factors can influence the relative pathogenicity of
Salmonella in chicks, which includes the age of the chickens at the time
of infection, route of infection, presence of competing bacteria in the
intestinal tract and the dose of infection (Cox ef al., 1990; Cooper et al.,
1994 and Bailey et al., 2001).

Mortalities appear within 24 hours after intraperitoneal infection
and within 48-72 hours after oral infection. The main clinical symptoms
were pyrexia, diarrheoa and inability to stand while the postmortem
lesions revealed congestion of all internal organs specially in
intraperitoneal infection associated with the isolation of the inoculated
serovar. These results agreed with Bailey ef al, (2005) who recovered
Salmonella from liver, thymus, spleen, bursa and ceca within 24 hours
after oral inoculation.

The outer membrane proteins (OMPs) of salmonella and its
compositions have been a subject of growing interest during the last few
decades (Roushdy, 1998). In this work, (OMPs) of the isolated
Salmonella serovars have been analyzed and electrophoresis’ profiles
have been determined by sodium dodocyle sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) and resolved into protein bands as shown
in Photo (1) and Table (5)

SDS-PAGE results revealed the determination of 6-10 protein
bands ranging from 13.631 -200.5 kilo Dalton (KD). Nearly similar
results were obtained by El-Reedy ef al. (2007) who identified about 12
different protein bands ranging from 22-289 KD by SDS-PAGE analysis
of 12 different salmonella serotypes isolated from poultry. Also there
were common protein bands at 15, 26 and 35 KD identified in all
isolated Salmonella serovars which agreed with the results obtained by
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Ames (1973), Sarasombath ef al. (1988) and Joradat and Zawistowski
(1998) who detected the presence of 35 KD protein band in all examined
salmonellae. On the other hand, S. cerro was characterized by 3 deeply
stained protein bands at 120, 60.15 and 26 KD.; S. enteritidis was
characterized by 4 deeply stained protein bands at 150.5, 100.66, 75.1
and 620.5 KD; S. infantis has 3 deeply stained protein bands at 180.2, 75
and 62.112 KD; 8. montivideo characterized by 2 deeply stained protein
bands at 150.9 KD and 100 KD, while S. typhimurium obtained 5 deeply
stained protein bands at150, 100.25, 75.4, 62.71 and 36.532 KD. It is
clear that the protein composition in relation to Salmonella serovars
which agreed with the results obtained by Roushdy (1998).

SDS-PAGE immuonoblot procedure provided a rapid method for
providing serological evidence of infection with Salmonella (Chart et
al., 1997). In this study, SDS-PAGE immuonoblotting detected 10-13
antigenic protein bands ranged from 11.8-147.3 KD as shown in Photo
(2) and Table (6) with the detection of more protein bands which could
not be detected in gel electrophoresis. This may be due to that
immunoblot is more specific technique than gel electrophoresis so any
epitopes can be captured by antibodies. It was noticed that the highest
antigenicity protein band of 8. fphimurium was detected at 35.4 KD,
while in S enteritidis was detected at 29 KD; in S. montivideo at 39.8
KD; in S. infantis at 25.128 and 34.091 KD while S. cerro had the
highest antigenic protein band at 143.08. Similar results obtained by
Nese et al. (2003) who found that Salmonella typhimurium isolates
contain OMPs have the highest antigenicity common fractions at 36-43
KD. Moreover, SDS-IMMUNOBLOT of the five Salmonella serovars
showed the presence of common protein bands at 15, 29 and 35 KD
which may constitute the common genus antigen. These results agreed
with that obtained by Nasef (1995) who studied the immunogenicity of
Salmonella common protein detected at 29 KD and revealed the
immunologic specificity of this band against antisera of different studied
salmonella serotypes. Also Fathi (2004) recognized the 35 KD protein
band in all examined salmonellae.

On the other hand, it was noticed the presence of shared
immunogenic protein bands between different Salmonella serovars
which may be the reason of cross reaction between Salmonella serovars.
Similar results were obtained by Timoney et al (1990) and Van
Zijderveld et al. (1992) who observed the presence of cross reaction
between different Salmonella serotypes specially group B and D1 in
ELISA based on whole flagella antigen. Also, Cooper and Thorn (1996)
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reported that rabbit sera raised against Salmonellac montividec reacted
strongly with Salmonelia enteritidis flagellins. The cross reactions may
be attributed to common epitopes present on different flagellins.

In conclusion, this study has been able to identify the differences
in the organization of the proteins of the isolated Salmonella serovars
which demonstrated the potential use of SDS-PAGE analysis and
immuonoblotting as a recent and accurate techniques for detection of
salmonellosis in chickens and the use of immunogenicity of different
detected immunogenic bands to serve as components of an effective
subcellular vaccine for poultry salmonellosis.
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