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ABSTRACT

Background: Bacterial Omphalitis has been reported as a significant cause of mortalities in newly hatched broiler
chicks.

Aim: This study aimed to assess the occurrence of omphalitis among broiler chickens in Gharbia governorate in Egypt.
In addition, the bacteria associated with the occurrence of omphalitis in broiler chickens were also investigated and
characterized.

Methods: For this purpose, 43 farms in that area were surveyed. The comparative levels of omphalitis caused by
Escherichia coli (E. coli), Salmonella spp., and Staphylococcus aureus (S. aureus) were screened in 129 chicks. The
drug resistance to eight commonly used antimicrobials in Egyptian poultry farms was screened using the disk diffusion
method.

Results: The overall incidence rate of omphalitis was 37.21%. In birds with omphalitis, the co-prevalence of S. aureus,
Salmonella spp., and E. coli was 87.5%. When compared to healthy flocks, broiler chicks with omphalitis caused
by Salmonella spp., E. coli, and S. aureus had a greater mortality rate in the first week of life. However, there were
no significant differences in the mortality cases caused by these pathogens. Eighty-seven percent of the cases of
omphalitis were linked to E. coli and 75% to Salmonella spp. and S. aureus. From the yolk sac of broiler chicks with
omphalitis, E. coli, Salmonella spp., and S. aureus were isolated at rates of 87.5%, 62.5%, and 45.8%, respectively.
The isolates of E. coli and Salmonella spp. exhibited great sensitivity to gentamycin and Tetracycline; however,
the strongest drug resistance was observed toward cefpodoxime, sulphamethoxazole and trimethoprim, ampicillin,
and amoxycillin and clavulanic acid. The recovered isolates of S. aureus showed susceptibility to chloramphenicol
(72.37%), oxytetracycline (81.82%), and erythromycin (81.82%). However, every S. aureus isolate that was found
resistant to amoxycillin and clavulanic acid, penicillin G and oxacillin. of blaTEM, blaSHV, and blaCTX-M genes has
been proposed as the genetic cause of f-lactam antibiotic resistance in Salmonella spp. and E. coli. MecA and blaZ;
however, were found in every strain of S. aureus.

Conclusion: The frequency of omphalitis and its associated mortalities was comparatively high in Gharbia governorate.
More efforts should be made to adopt strict hygienic standards for controlling and preventing such disease and this will
consequently lead to minimizing the use of antimicrobials in poultry farms.
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Introduction (Rahman et al., 2007). Although bacterial omphalitis is
not communicable, it is mainly caused by unhygienic
hatchery equipment (Mosqueda and Lucio, 1985; Saif
et al.,2003). It has also been reported that inadequately
healed navels can harbor germs, leading to yolk sac
infection (Mosqueda and Lucio, 1985).

It is noteworthy that following hatching, the incidence of

Egypt’s farming of broiler chickens is a significant
industry. There are commercial operations in this
business that are crucial to the growth of the economy.
According to reports, one of the main causes of
mortality in recently hatched broiler chicks is bacterial

omphalitis (Pattison et al., 2008). Although omphalitis omphalitis and yolk sac infection rises and then falls by the
has been linked to mortality rates of 5%-10%, the end of the first week of life (Pattison et al., 2008; Yassin et
infection may be responsible for significantly higher al., 2009). The pathogens that cause omphalitis in newly
deaths in a batch of chicks within their first week of life hatched chicks include Escherichia coli, Enterobacter
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spp., Pseudomonas spp., Salmonella spp., Proteus spp.,
Staphylococcus spp., Klebsiella spp., and Clostridium
spp. (Shane, 1999; Cortés et al., 2004; Giovanardi ef al.,
2005; Igbal et al., 2006). About 70% of freshly hatched
chicks with omphalitis had a high prevalence of E. coli
in their yolk sacs, according to other investigations
(Saif et al., 2003; Ahmed et al., 2009). After E. coli in
chicks, Salmonella species and Staphylococcus aureus
are thought to be the most significant bacterial drivers of
yolk sac infection (Nasrin et al., 2012).

The clinical signs of omphalitis in broiler chickens are
most commonly associated with depression, gathering
around the source of heat, and head drooping. The
navel may partially open. During the course of the
infection there is a progressive increase in the levels
of inflammation of the umbilicus starting with redness,
and then becoming wet and inflamed. At the end, a scab
or “navel button” may be visible over the navel. The
skin might be wet in severe cases and called “mushy
chicks” (Nasrin et al., 2012; Shahjada et al., 2017).
Previous studies reported that the lesions associated with
omphalitis indicated that some of the acutely infected
chicks showed lesions including redness, edema, and
sometimes abscess of the navel. Unabsorbed yolk sacs
with abnormal color, are also observed (Calnek et al.,
1997; Shahjada et al., 2017).

The misuse of antibiotics in chicken farming
communities led to the spread of antimicrobial-resistant
pathogens (Singer et al., 2003; Singer and Hofacre,
2006; Marshall and Levy, 2011; Regmi et al., 2020).
Drug resistance is an important phenomenon, that
correlates with the mechanisms associated with bacterial
tolerance to antibiotics through harboring of resistance
genes (Baker-Austin et al., 2006; Cytryn, 2013). Several
studies documented that the prevalence of antimicrobial
resistance is associated with the massive and abuse of
antibiotics in the broiler chicken industry (Baker-Austin
et al., 2006; Rizzo et al., 2013; Hu et al., 2017).
Although E. coli, Salmonella spp., and S. aureus
are very important causes of omphalitis in broiler
chicken farms, no information mirrors these bacteria
in the Gharbia governorate, Delta Egypt. Therefore,
the objective of the current research is to determine
the epidemiological data obtained from flocks with
omphalitis. The study also provides information about
the prevalence and antibiogram of E. coli, Salmonella
spp., and S. aureus in cases of omphalitis in chicks.

Materials and Methods

Sample selection

Arandom sample of 43 broiler chicken farms was utilized
to examine the prevalence of omphalitis in chicks during
their initial week of life in the Gharbia governorate of
Delta Egypt between April and August 2022. Humane
sacrifices were performed on three surviving diseased
chicks selected at random from each broiler chicken
flock. The yolk sac contents were collected post-
mortem in a completely aseptic environment to isolate

E. coli, Salmonella, and S. aureus. The specimens were
promptly frozen and conveyed to the laboratory within a
time frame of 5 hours following their collection.
Escherichia coli isolation

Five milliliters of tryptic soy broth (TSB) (Oxoid, UK)
was used to inoculate an exchange from each yolk sac,
which was subsequently incubated at 37°C for one
night. The streaked incubated samples were placed on
Oxoid methylene blue agar media (UK) before being
incubated at 37°C overnight.

Isolation of Salmonella

Oxoid-F broth was inoculated with a transfer from
each yolk sac that was collected (Oxoid, UK). The
inoculums were subsequently incubated overnight at
37°C. Overnight at 37°C, the colonies were incubated
after being streaked onto xylose lysine desoxycholate
agar (Oxoid, UK). Subsequent investigations were
conducted on the colonies that appeared to be
Salmonella spp. based on their coloration.
Identification and isolation of S. aureus

As soon as the swabs were obtained, they were
transferred to test tubes containing sterile tryptone soya
broth (Oxoid, UK). For 24 hours, the bacterial cultures
were incubated at 37°C. A loopful was distributed
onto the Mannitol salt agar medium (LAB, U K) from
each bacterial culture. For 24 hours, the plates were
incubated at 37°C to isolate S. aureus in a selective
manner. To corroborate the presence of the suspected
colonies, a coagulase test was performed.

Biochemical characterization of Salmonella spp.,
E. coli, and S. aureus

Bacterial confirmation was achieved through
biochemical identification utilizing the API 20E system
for E. coli and Salmonella and API 20NE for S. aureus
(BioMe’ rieux, Marcy-1’E’ toile, France).

Testing for antimicrobial susceptibility (AST)

Utilizing the Kirby-Bauer disc diffusion method (Bauer,
1966), the AST was conducted. Each bacterial strain was
inoculated with a single colony of bacteria overnight at
TSB 24 hours. Diluting the overnight cultures in sterile
saline was performed. The suspension was modified in
accordance with the 0.5 McFarland standards, which
comprised an estimated 1-2 x 10® CFU/ml of E. coli
from the American Type Culture Collection 25922.
Using a sterile sponge, the saline suspension was
applied to the surface of the Mueller—Hinton Agar
plate. Using a multidisc dispenser from Oxoid, the
antibiotic-containing antimicrobial discs utilized in the
Egyptian poultry drug market were dispensed onto the
Mueller—Hinton Agar plates at least 24 mm from the
center of each disc. Following that, the dishes were
incubated at 37°C overnight for 16—18 hours. Using
sliding calipers, the diameters of the inhibited zones,
including the diameters of the discs, were determined to
the nearest whole millimeter. Standard break points as
specified by the Clinical Laboratory Standards Institute
(CLSI, 2016) were employed for interpretation (Tables
1 and 2).
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Table 1. Break-point values of antimicrobial agents according to CLSI (2016) and phenotypic antibiotic sensitivity profiles for E. coli and Salmonella spp., isolates from Broiler

chickens with omphalitis.

Salmonella isolates (30)

E. coli isolates (42)

Diameter of inhibition zone (mm)

Disc

Intermediate

Resistant

Resistant Intermediate Sensitive

Intermediate Sensitive

concentration Resistant

(ng)
10
10
25

Sensitive

<mm

> mm
17
12

11

Antimicrobial agents

4 (13.33%)
14 (46.67%)

12 (40%)

26 (86.67%)

8 (19.05%)

34 (80.95%)
6 (14.29%)
9 (21.43%)
5(11.91%)

21

18-20
13-15

Cefpodoxime (CPD)
Gentamycin (CN)
Streptomycin (S)

9 (30%)

30 (71.42%) 7 (23.33%)

25 (59.52%)
36 (85.71%)

6 (14.29%)
8 (19.05%)
1(2.38%)

16
15
19

16 (53.33%) 2 (6.67%)

13 (43.33%)

12-14
15-18

17 (56.67%)

14

10

Tetracycline (TE)

5 (16.67%)

25 (83.33%)

3 (7.14%)

39 (92.86%)

16

11-15

10

25

Sulphamethoxazole and
trimethoprim (STX)
Ampicillin (AMP)

Amoxycillin and

27(90%) 3 (10%)

8 (19.05%)

30 (71.43%) 4 (9.52%)

17

14-16

13

10

2 (6.67%) 1 (3.33%)

27 (90%)

3 (7.14%)

31 (73.81%) 8 (19.05%)

18

14-17

13

30

clavulanic acid (AMC)

Rifampicin (RD)

3 (10%)

26 (61.90%) 7(16.67%) 18 (60%) 9 (30%)

9 (21.43%)

17

14-16

13

5

Genomic DNA extraction and purification

A single colony was inoculated into 5 ml of TSB
(Oxoid, UK) from each bacterial-specific agar, and
then incubated overnight at 37°C. For 10 minutes,
the bacterial cultures were centrifuged at 13,000 rpm.
After discarding the supernatant, the bacterial granules
were reconstituted in sterile nuclease-free water and
subjected to boiling for a duration of 10 minutes.
Following centrifugation of the boiled bacterial lysates,
the supernatant was extracted and stored as DNA
templates at —80°C until further use.

Molecular detection of antimicrobial resistance-
associated genes and genus-specific markers

Specific primers were utilized to detect Salmonella
spp., E. coli, and S. aureus using the inva, phoA, and
S. aureus 23S rRNA genes (Oliveira et al., 2003; Hu
et al., 2011; Bhati et al., 2016). Isolates of S. aureus,
Salmonella spp., and E. coli were screened for three
extended spectrum B-lactamase genes that have been
linked to resistance to B-lactamase antibiotics. The
corresponding genes were blaTEM, blaSHV, and
blaCTXM, in accordance with the procedures outlined
previously (Colom et al., 2003; Archambault et al.,
2006). Furthermore, primers for the oxacillin resistance
gene, mecA, and the Penicillin resistance gene, blaZ,
were utilized to test S. aureus isolates. The procedure
was as previously described (McClure et al., 2006;
Bagcigil et al., 2012).

The polymerase chain reaction (PCR) was conducted
in adherence to the guidelines provided by the
manufacturer (Takara, Japan). In summary, 25 pl of
the PCR mixture was utilized for each pair of primers.
12.5 pl of EmeraldAmp Max PCR Master Mix (Takara,
Japan), 1 pl of each primer (20 pmol), 5.5 pl of
molecular grade water, and 5 pl of the extracted DNA
template comprised this PCR. PCR reactions were
processed using a 2720 thermal cycler from Applied
Biosystems. Positive controls consisted of previously
validated positive isolates obtained from the Animal
Health Research Institute in Egypt. As a control
negative, sterile molecular-grade water was utilized.
Statistical analysis

The omphalitis-associated mortalities caused by E. coli,
Salmonella spp., and S. aureus 1week-old flocks was
analyzed by the student #-test.

Ethical approval

All animal procedures and experiments were carried
out in adherence to local regulations subsequent to
receiving sanction from the Local Ethical Committee of
Poultry Diseases of the Faculty of Veterinary Medicine,
Kafrelsheikh University, Egypt.

Results

Incidence and identification of the bacterial causes of
omphalitis

The total number of broiler chicken farms with positive
omphalitis in the first week of life was 16 out of 43
flocks with a prevalence rate of 37.21%. The mortality
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Table 2. Break-point values of antimicrobial agents according to CLSI (2016) and phenotypic antibiotic sensitivity profiles for S.
aureus isolates recovered from broiler chickens with omphalitis.

Disc Diameter of the inhibition zone (mm) S. aureus isolates (22)
Antimicrobial concentration Resi | di Sensiti
agents esistant  Intermediate ensitive Resistant Intermediate Sensitive
(ng) >mm mm <mm
Oxacillin (OX) 1 10 11-12 13 22 (100%) - -
Erythromycin (E) 30 13 14-22 23 4 (18.18%) 4 (18.18%) 14 (63.69%)
Gentamycin (CN) 10 12 13-15 16 8 (36.64%) 1 (4.55%) 13 (59.09%)
Oxytetracycline (OT) 30 14 15-18 19 4 (18.18%) - 18 (81.82%)
Chloramphenicol (C) 30 12 13-17 18 6 (27.27%) - 16 (72.73%)
Cefpodoxime (CPD) 10 17 18-20 21 20 (90.91%) 2 (9.09%) -
Penicillin G (P) 10 20 21-28 29 22 (100%) - -
Amoxycillin and
clavulanic acid 30 13 14-17 18 22 (100%) - -
(AMC)
rate (11.06% = 2.90%) of the 1-week-old flocks with AST results

omphalitis caused by E. coli, Salmonella spp., and S.
aureus was significantly higher (p < 0.01) than the
mortality rate (1.22% =+ 0.80%) in the healthy group.
There were no significant differences in the mortality
rates between total omphalitis and omphalitis caused by
E. coli, Salmonella spp., and S. aureus, and omphalitis
caused by other infections (Fig. 1).

Clinical symptoms of omphalitis observed in the
1-week-old broiler chicks included huddling around
the heat source, unhealed and inflamed naval that failed
to close with the presence of a scape. There was also
diarrhea and a swollen abdomen. We also found wet
spots in the abdomen with an increase in the mortalities.
The main growth lesions observed were dehydration,
unabsorbed yolk sacs, which were severely enlarged,
and congested with abnormal yolk contents.

Forty-two chicks from 14 broiler flocks had 94 isolates of
Enterobacteriaceae, and S. aureus, including 42 E. coli, 30
Salmonella spp., and 22 S. aureus. Seven individual chicks
had E. coli only, 13 chicks had co-infected with both F.
coli and Salmonella spp., and 17 chicks were infected
with E. coli, Salmonella spp., and S. aureus. Whereas two
flocks (six chicks) had other causative agents. The isolated
bacteria were confirmed by PCR using genus-specific
genes including phoA gene for E. coli, invA for Salmonella
spp., and 23S rRNA for S. aureus (Fig. 2).

The prevalence of omphalitis caused by Entero-
bacteriaceae and S. aureus represented 87.5% of cases
at the flock scale in the study area. Our results indicated
that one of the 16 broiler chicken farms with omphalitis
was infected with E. coli only. Two broiler flocks were
co-infected with either a combination of E. coli and
Salmonella spp. or E. coli and S. aureus. Eleven more
flocks had mixed infections with E. coli, Salmonella
spp., and S. aureus.

The overall antimicrobial resistance rate of Sa/monella
isolates to the tested antibiotics was 66.25%, followed
by S. aureus isolates at 57.27%, and then E. coli strains
at 48.52%. For Salmonella and E. coli isolates the
drug resistance rates were as follows: cefpodoxime
(86.67% and 80.95%), gentamycin (23.33% and
13.95%), streptomycin (53.33% and 20.93%),
tetracycline (43.33% and 11.63%), sulphamethoxazole
and trimethoprim (83.33% and 93.02%), ampicillin
(90%% and 71.43%), amoxycillin and clavulanic acid
(90% and 73.81%), and rifampicin (60% and 20.93%),
respectively (Table 1, Fig. 3). All the 22 tested S.
aureus isolates were 100% resistant to three tested
B-lactams, namely, oxacillin, penicillin G, amoxycillin
and clavulanic acid. In addition, 90% of S. aureus
isolates showed resistance to cefpodoxime. While
the lowest resistance was to erythromycin (18.18%),
oxytetracycline  (18.18%), and chloramphenicol
(27.27%), while 36.64% of S. aureus isolates were
resistant to gentamycin (Table 2, Fig. 3). Molecular
characterization of B-lactameses-related genes showed
that bla_, was detected in 20/42 (47.62%) and 18/30
(60%) of E. coli and Salmonella isolates, respectively.
While 9/42 (21.43%) of E. coli and 8/30 (26.67%)
of Salmonella isolates had blag,, gene. In addition,
bla.,, was detected in 28.57% and 30% of the
recovered E. coli, and Salmonella isolates, respectively.
Furthermore, mecA and blaZ were detected in all S.
aureus isolates (Fig. 4).

Discussion

The present study documented 37.21% of omphalitis
cases in broiler poultry farms situated in the governorate
of Gharbia. The results of this study indicate that
veterinarians and farmers in the region did not employ
hygienic measures as standard practices at poultry and
hatcheries. Prior research has documented a significant
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Fig. 1. Mortality rate (%) observed in broiler chicken flocks from the screened farms in Gharbia

governorate, Delta Egypt.

M P N 1 2

Fig. 2. PCR amplification of the causative agents of Omphalitis in 1-week-old broiler chickens.
(A) phoA gene-specific genomic markers for E. coli (representative). (B) invA4 specific marker for
Salmonella (representative). (C) S. aureus 23S rRNA genes.

incidence of omphalitis (Rosario et al., 2005; Abdel-
Tawab et al., 2016). Moreover, we document a
significant loss of life among the livestock at 1 week of
age due to omphalitis, which was caused by Salmonella
spp., E. coli, and S. aureus. Rahman et al. (2007)

probably documented a significant number of fatalities
among poultry farms that were afflicted with bacterial
omphalitis. In comparison to Salmonella spp. and S.
aureus, E. coli exhibited the highest prevalence among
the bacterial pathogens responsible for omphalitis in
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Fig. 3. Antimicrobial sensitivity testing of the recovered A) E. coli, B) Salmonella spp., and
C) S. aureus isolates against antimicrobials that are most commonly used in the Egyptian drug
market for broiler chickens using the disk diffusion method.

12 3 4 56 7 PMS8 9 10 11 121314N M1 2 3 4 5 6 7 8 9 P M 10111213 14 N

L e O L T TS ] B N U L) S L W Ry S -‘wdom-—-?.—Juv-

A

12 3 4 5 6 7 PM8 9 10 11 1213 14N 1 2 3 45 67 N PM P N8 910 11121314

Fig. 4. Electrophoresis of B-lactamases associated with -lactams resistance in E. coli, Salmonella
spp., and S. aureus isolated from Egyptian broiler chicken farms with omphalitis. (A) PCR
amplification of blaTEM gives an expected band segment at 516 bp, lane 1-7 representative for
Salmonella positive strains while lane 8-14 representative for E. coli positive isolates (B) the
expected band segment of blag,  at 392 bp, lane 1-7 representative for Salmonella positive strains
while lane 8-14 representative for E. coli positive isolates (C) the amplification of bla.,, gives
an expected band at 593 bp lane 1-7 representative for Sa/monella positive strains while lane 8—14
representative for E. coli positive isolates (D) lane 1-7 for mecA in S. aureus with expected band
size 310 bp while lane 8—14 presentative for 14 for blaZ in S. aureus with expected band size 833
bp. Lane L is a 100bp DNA ladder.

that particular region of Egypt. Solely from one of the 16 also revealed that two broiler flocks were infected with
broiler poultry farms afflicted with omphalitis, E. coli a combined infection of E. coli and Salmonella spp.
was isolated. Eleven additional flocks were co-infected or E. coli and S. aureus. This observation is consistent
with E. coli, Salmonella spp., and S. aureus. This study with prior research (Igbal et al., 2006; Amare et al.,
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2013; Abdel-Tawab et al., 2016), which documented
that E. coli, along with one of the three other bacterial
species (S. aureus, Salmonella spp., and Pseudomonas
aeruginosa), accounted for the majority of broiler
chicken omphalitis cases.

Antimicrobial resistance was present in the recovered
isolates of Salmonella spp., S. aureus, and E. coli at
respective rates of 66.25%, 57.27%, and 40.48%. The
relatively high rates observed suggest that certain
commercial broiler poultry farms in Egypt make
extensive use of antibiotics, resulting in the devolution
of the population of antimicrobial-resistant bacteria.
The same phenomenon was documented in multiple
studies (Akond et al., 2009; Amare et al., 2013;
Shahjada et al., 2017). It was noted that resistance
phenotypes to [-lactamases, such as ampicillin,
amoxycillin and clavulanic acid, and cefpodoxime,
which were detected in the AST, were attributable to
the existence of blaTEM, blaSHIV, or blaCTXM genes.
-lactamase-resistant E. coli and Salmonella spp. were
found to contain blaTEM in their entirety, whereas
blaCTX-M was detected in 28.57% and 40% of the
aforementioned bacteria and spp., respectively. Prior
research has documented comparable findings (El-
Sharkawy et al., 2017; Gundran et al., 2019).

It is noteworthy that each strain of S. aureus that
exhibited resistance to Oxacillin and Penicillin G
possessed the mecA and BlaZ alleles, which confer
resistance to Oxacillin and Penicillin G, respectively.
This finding aligns with prior research conducted
concurrently (Pinho, 2008; Tahoun ef al., 2022).

Conclusion

This study threw light on the occurrence of bacterial
omphalitis in chicks under intensive rearing systems
in the Gharbia governorate in Egypt. The recovered
bacterial causes included E. coli, Salmonella spp., and
S. aureus had clear antimicrobial resistance toward
the most commonly used drugs in poultry farms in
Egypt. Therefore, national monitoring and educational
programs are strongly recommended among poultry
farmers to reduce such a challenging issue.
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