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The fact that multidrug-resistant bacteria are common on eggshells sold in wet markets is very vulnerable for public
health, especially since eggs are often handled poorly. As part of this study, chicken eggshells from different wet
markets in Taif, Makkah area, Saudi Arabia, were collected and tested for bacterial pollution. Overall, a total of 150

eggs were randomly selected and examined for both external and internal microbial contamination. The VITEK 2
antimicrobial sensitivity showed significant multidrug resistance, especially in the Salmonella enterica strain. 16S
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results.

r-RNA was used to identify five types of bacteria: Escherichia hermannii, Escherichia coli, Staphylococcus aureus,
Staphylococcus xylosus, and a new strain of S. enterica (A10). Finding S. enterica A10 on eggshells in this area is
the first narrative of its kind, showing that eggshells are an underrated way for antibiotic-resistant bacteria to spread.
More protection, limits on drug use in chicken, and better cleanliness in local markets are all needed because of these

1. INTRODUCTION

Around the world, poultry eggs are an affordable and nutrient-dense
source of protein that is widely consumed. However, eggs are now
known to be one of the sources of outbreaks in the US [1-4]. Moreover,
raw egg-based desserts, tiramisu, and milkshakes are becoming more
popular among consumers, who may be putting themselves at greater
risk of bacterial illnesses. The egg’s protective shell prevents microbes
from reaching the egg’s interior. The shell, on the other hand, is
constantly covered with muck, feathers, blood, nesting materials, and
pathogens [5,6].

Antibiotics are effective in treating bacterial illnesses [7,8].
Nevertheless, the incorrect use of antibiotics might give rise to
antibiotic resistance (AR), which occurs when microbes develop
resistance to antibiotics [7,9-12]. When bacteria undergo genetic
changes and develop resistance to antibiotics, the likelihood of disease
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transmission and mortality rates increase, while the effectiveness of
therapy diminishes [8,12,13]. AR is a significant global health issue,
causing numerous fatalities annually [ 14-18]. High rates of carbapenem
resistance were detected in a study conducted in Medina between 2014
and 2018, with 38.4% for emipenem and 46.1% for meropenem, the
selected drugs according to local standards [19]. This validates the
necessity of increasing public consciousness and offering direction
about the proper utilization of antibiotics to address the escalating
problem of AR. There are widespread concerns regarding the ability
of antibiotic-resistant bacteria to transmit to people through the food
chain in various contexts such as food production systems [20-22].
Antibiotic-resistant bacteria present on eggshells can be ascribed to
multiple factors, including cross-contamination during handling and
processing, excessive antibiotic use in animal husbandry, and the
persistence of resistant strains in the marketplace.

In addition, the secretion of bacteria such as Escherichia coli and
Salmonella by chickens, the host, influences the prevalence of these
bacteria on eggshells; E. coli typically contaminates eggs through
fecal matter or during hatching, while Salmonella is intermittently
excreted [23-27]. Antibiotic-resistant bacteria present on eggshells
can be ascribed to multiple factors, including cross-contamination
during handling and processing [28], excessive antibiotic use in
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animal husbandry [29], and the persistence of resistant strains in the
marketplace [30-32].

It is important to take note of the prevalence and detection of antibiotic-
resistant bacteria on eggshells obtained from wet markets. Wet
markets serve as bustling hubs for the distribution and trade of food
in numerous countries. They offer a diverse selection of perishable
products, including eggs, which are a staple in numerous global
cuisines [32,33]. They can contribute to contamination of foodstuffs,
especially eggshells, with antibiotic-resistant bacteria due to often
uncontrolled and inadequate sanitation measures [33]. Since animals
are frequently killed on site, wet markets can also increase waste and
pollution because vital waste must be managed appropriately.

Eggs that are cracked have a high susceptibility to contamination, which
can lead to a decrease in egg quality and constitute a threat to consumer
health [34]. Eggshell fractures provide spores with direct entry into
the egg, facilitating swift bacterial proliferation during processing
and storage, hence increasing the risk of food borne illnesses [35-37].
Microscopic fissures may be unnoticed by the unaided vision and
may not manifest until several days after being stored, hence posing
challenges in identifying fractures [38]. The quality of eggs can be
considerably reduced as a result of many types of fractures, such as
cracks of varying lengths, widths, and severity, which can occur due to
the intricate composition of the eggshell [39-41]. Eggshell cracks can
give microorganism’s direct access to the egg, causing them to breed
rapidly and potentially contaminate them with strains of antibiotic-
resistant bacteria [34].

Understanding the prevalence and identification of antibiotic-resistant
bacteria on eggshells sourced from wet markets is essential for
evaluating the potential health risks associated with egg consumption.
This knowledge is crucial for developing effective control measures
aimed at ensuring food safety. By assessing the frequency of these
resistant strains, and we can better inform public health strategies and
regulatory policies to mitigate the risks of food-borne illnesses linked
to AR in poultry products [41-46]. This research aims to investigate the
prevalence and detection of antibiotic-resistant bacteria in eggshells
obtained from the wet markets in Taif city, Makkah region.

2. MATERIALS AND METHODS

2.1. Study Area

Taif is a Saudi city located in the Makkah region, west of Saudi
Arabia, on the eastern slope of the Sarawat Mountains, with a height
of 1,700 m, and gradually increasing towards the west and south to
2,500 m with a population of 1,281,613.

2.2. Sample Collection and Isolation of Bacteria

To assess the microbiological quality of poultry eggs, various samples of
organic eggs and commercial eggs (n = 150) were collected from various
grocery shops and from different farms in Taif city of Makkah region.

The 150-egg sample size was selected because they were easy to find
locally, could be processed in a lab, and were statistically large enough
to find significant trends in bacterial contamination and resistance. The
samples were collected in sterile polythene bags and stored on ice, then
processed for isolation and purification.

2.3. Isolation and Bacterial Identification

All the experiments were conducted following the methods proposed
by Melebari et al. [47], with some modifications. The egg samples were

labeled, and then, the surfaces of the intact shell eggs were swabbed
with sterile cotton swabs that had been moistened with tryptone soy
broth (TSB) from Difco Laboratories in Detroit, USA. After collecting
samples from the outside surface of the shell (n = 150), the same
eggs (n = 150) were analyzed to assess the microbiological condition
inside (total = 300). In order to prevent the spread of contaminants
from the shell to the contents, the eggs were immersed in a solution
of 70% alcohol for duration of 30 s. They were then rinsed with
sterile water and left to dry in a biosafety cabinet. The samples were
swabbed and then transferred to the Eppendorf tube containing TSB
using sterile techniques, then incubated at 37°C for 24 h, then streaked
onto different media including Eosin Methylene Blue Agar (EMb;
Scharlau), Blood Agar Base (BA; Scharlau), Sorbitol MacConkey
agar (SMA) (SMA; Neogen), Staphylococcus medium (SA; Oxoid)
and Salmonella shigella Agar (SSA; Fluka Analytical) plates, and
incubated at 37°C for 24 h. Visible bacteria colonies on the plates were
inspected and then sub-cultured on fresh sterile Nutrient agar plates
to get pure isolates. The pure isolates were transferred to sterile agar
slants and kept at a temperature of 4[] for future use. Selected strains
were described and identified using polymerase chain reaction (PCR)
and their identity and genetic connection were confirmed.

Searches for similarities with nucleotide sequences in the Gen Bank
were performed using BLAST search, and the sequence was deposited
in the GeneBank under accession number (PP967976). The identified
sequences were used to construct the phylogenetic tree.

2.4. Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was performed using the automated
VITEK 2 system (bioMérieux, France) following the manufacturer’s
instructions. Bacterial isolates were cultured on Mueller—Hinton agar
and incubated at 37°C for 18-24 h. A bacterial suspension was prepared
in sterile saline (0.45% NaCl) and adjusted to 0.5 McFarland standard
using a DensiCHEK Plus system. The suspension was inoculated into
VITEK AST cards and analyzed using the VITEK 2 Compact system.
Minimum inhibitory concentrations were automatically determined
and interpreted. Staphylococcus aureus ATCC 29213 and E. coli ATCC
25922 were used as normal reference strains for quality control and
to prove that the VITEK 2 method worked properly in susceptibility
testing.

2.5. Identification of the AR Strains via PCR

PCR reactions were done using universal bacterial primers
27F (5’-AGAGTTTGATCMTGGCTCAG-3") and 1492R
(5’>-TACGGYTACCTTGTTACGACTT-3’), which were selected
because they can copy almost the whole 76S rRNA gene [48].
Thermal cycling was done in 35 rounds of denaturation at 95°C for
30 s, annealing at 58°C for 30 s, extension at 72°C for 90 s, and final
extension at 72°C for 7 min. With SafeView™ DNA dye on a 2%
agarose gel in 1X TBE buffer, gel electrophoresis was carried out.
Using a UV transilluminator, DNA bands were seen, and MoleculeOn’s
100-1000 bp DNA ladder was utilised as a molecule size indicator.

2.6. Statistical Analysis

The Statistical Package for the Social Sciences version 25 was used for
the statistical study. To find out how often bacterial isolates occurred
descriptive statistics were used. Chi-square tests were used to see how
often different types of eggs and bugs were contaminated and how they
responded to antibiotics. A P < 0.05 was thought to be scientifically
important.
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3. RESULTS

3.1. Identification of Bacterial Isolates

In this study, 300 samples were studied, varied between commercial
eggs and organic eggs from the shops in addition to farms in the city
of Taif. Results of this study were obtained after bacterial isolates
were isolated from chicken eggs on different media, and it was as the
following: (62%) grown on the BA media, (7%) on the S. shigella agar
media, (12%) on the EMb media, and 15% on the Staphylococcus agar
media, as shown in [Figure 1].

Following the isolation of samples from chicken eggs, a total of 10
S. aureus isolates were identified in both commercial and organic
eggs. In addition, five Salmonella isolates and 5 E. coli isolates were
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detected in organic chicken eggs. A Chi-square test revealed that
organic eggs showed a higher prevalence of contamination by highly
pathogenic strains when compared to commercial eggs (P < 0.05). The
Chi-square test showed that bacterial contamination was significantly
more frequent on the surface of the eggs compared to the interior
(P <0.05), and there is a higher likelihood of them contaminating the
inside of the eggs if there are any fractures on the eggshell.

3.2. Antimicrobial Sensitivity Test

Tests detected the sensitivity or resistance of bacterial isolates against
the most common antibiotics via VITEK [Table 1]. Results have shown
that Escherichia hermannii was resistant to (Amoxicillin [AMX]
+, + Ampicillin, + Piperacillin, Trimethoprim/Sulfamethoxazole
[SMZ]). While Staphylococcus xylosus is resistant to Cefixime +,
+ Ceftazidime, E. coli have shown their resistance to the following
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Figure 1: Frequency of incidence of bacteria isolated from retailed eggshells
on different media.

Table 1: Antibiotic susceptibility profile of the bacterial strains.
Antimicrobial Escherichia hermannii
Amoxicillin+ + +
Ampicillin+ +
Piperacillin+ +
Trimethoprim/sulfamethoxazole +
Cefaclor+ -
Cefazolin -
Cefuroxime -
Cefuroxime axetil -
Ceftriaxone -
Amikacin -
Gentamicin -
Tobramycin+ -
Ciprofloxacin -
Levofloxacin+ -

Ofloxacin+ -

+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+

Nitrofurantoin -

Cefixime+ -

Ceftazidime+ -

Benzylpenicillin -

Salmonella enterica

Figure 2: Antibiotic-resistant bacterial isolates against 19 antibiotics used in
this study.
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- - +

+ o+ o+




Alharthi, et al.: ANovel MDR Salmonella enterica Strain (A10) 2025;13(6):134-141 137

35

30

25 I [
E. hermannii ~ S. enterica S. xylosus E. coli S. aureus

Figure 3: Antibiotic-sensitive bacterial isolates against 19 antibiotics used in
this study.

S. enterica A10

= Antibiotic-resistant

= Antibiotic-sensitive

Figure 4: Strain A10 against the antibiotic agents used in this study.

antibiotics (Trimethoprim/SMZ), and S. aureus is resistant to
(Benzylpenicillin, + Piperacillin, + Cefixime, + Ceftazidime). The
results showed that Sa/monella enterica has a high rate of resistance to
antibiotics, as shown in [Figures 2-4].

Results revealed the presence of a novel strain, A10, that was identified
as S. enterica that were isolated from the eggshell obtained from the
wet markets in Taif city., The 16S rRNA sequencing method was used
in order to accomplish the molecular characterization of the S. enterica
A10 strain. After the genomic DNA was extracted, primers were used
to amplify the region of 16S rRNA that was under investigation. The
16S rRNA partial sequencing that was obtained was then uploaded
to the NCBI database of the GenBank with the accession number
PP967976 (https://www.ncbi.nlm.nih.gov/Genbank). The obtained
sequences were blasted with the highly similar sequences which
were downloaded and imported in BIOEDIT version 7.1.11. Using
molecular evolutionary genetics analysis 11 software, a neighbor-
joining tree was constructed for the Sa/monella isolates against 15
Salmonella spp. from the Gene bank database S. enterica A10 was
in the same bootstrap with other Salmonella in order to determine
whether or not it was closely related to other Salmonella species as can
be seen in Figure 5.

4. DISCUSSION

The eggs used in this study were contaminated since they were
obtained directly from farmers to retail establishments and then
collected for the study. Five bacterial isolates, including E. hermannii,
E. coli, S. aureus, S. enterica, and S. xylosus, were isolated from the
eggshell and yolk layer, according to this study.

It is unclear whether these isolates originated from the reproductive
system, the digestive system, or both. Salmonella was detected in the

— CP054897.1 Salmonella enterica strain FDAARGOS 717
86% | CP052833.1 Salmonella enterica strain CVM N17S041
CP052817.1 Salmonella enterica strain CVM N1751509
CP052837.1 Salmonella enterica strain CVM N16S097
CP052833.1 Salmonella enterica strain CVM N175041
CP052833.1 Salmonella enterica strain CVM N17S041
CP052835.1 Salmonella enterica strain CVM N165103
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CP052833.1 Salmonella enterica strain CVM N175041
PP967976.1 Salmonella enterica strain A10
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L CP052833.1 Salmonella enterica strain CVM N17S041

CP052833.1 Salmonella enterica strain CVM N17S041
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86% CP052833.1 Salmonella enterica strain CVM N175041
CP052831.1 Salmonella enterica strain CVM N1751040
CP052829.1 Salmonella enterica strain CVM N1751105
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Figure 5: Phylogenetic tree made from Salmonella enterica A10 (16S rRNA genes) and 15 other Salmonella spp. strains found in GenBank. The Neighbor-Joining
method in molecular evolutionary genetics analysis 11 software was used to build the tree. Bootstrap values (n = 1000 repeats) are shown at the ends of each

branch. The red line points to the new A 10 strain that was found in this study. It is closely related to other known multidrug-resistant S. enterica strains, which

suggests that they share genes and may have evolved together.
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egg samples, corroborating findings from another study conducted
in Faisalabad city [49], which also reported contamination with
E. coli, Salmonella enteritidis, Bacillus subtilis, and S. aureus.
Notably, S. enteritidis was identified as the most prevalent isolate,
accounting for 40.83% of the total bacterial isolates in the Faisalabad
samples [49]. This high prevalence of S. enteritidis raises significant
concerns regarding food safety, as it is well-known for its role in
food-borne illnesses associated with egg consumption. The presence
of multiple bacterial pathogens in the egg samples underscores
the importance of implementing stringent hygiene and monitoring
practices in poultry production and handling to mitigate the risk of
contamination and ensure consumer safety [46].

Our findings differ from a study conducted on eggshells from three
major markets in Minna, Nigeria, which identified S. aureus as the most
prevalent isolate, comprising 36.4% of the samples [50]. In addition,
research from Tanzanian markets revealed that Bacillus species
were the most predominant, accounting for 39.7% of the analyzed
samples [51]. These discrepancies underscore the regional variations
in bacterial contamination patterns that are linked to different egg
production and handling practices. The high prevalence of S. aureus in
Nigeria may point to potential hygiene issues and cross-contamination
during egg processing and distribution. Conversely, the dominance of
Bacillus species in Tanzania could reflect differences in environmental
conditions or microbial ecosystems that affect contamination rates [52].

Furthermore, our results are also at odds with findings from a study
conducted in Zambia, which evaluated 216 pooled egg samples
at two contamination levels: Eggshell and egg content [53]. That
study reported that 2.31% of eggshell samples tested positive for
Salmonella spp. (5 out of 216 samples), while 34.26% (74 out of
216) were positive for E. coli. Notably, the eggs tested negative for
Salmonella and E. coli in the egg content, indicating that eggshells
exhibited a higher level of contamination with E. coli than the egg
contents (x> =20.95, P < 0.0001). Against E. coli isolates, imipenem
showed 100% effectiveness. However, Salmonella demonstrated a
resistance of 80% to tetracycline (TET) and 60% to ampicillin, while
E. coli exhibited resistance rates of 94.6% to colistin sulfate, 83.8% to
TE, and 59.5% to ampicillin. Thus, the Zambian study highlighted a
significantly higher contamination of egg surfaces with E. coli (34.3%)
compared to Salmonella (2.31%) [53].

These variations in bacterial contamination across different regions
emphasize the importance of localized studies to identify specific risk
factors associated with egg safety. Factors such as farming practices,
environmental conditions, and market handling protocols can
significantly influence the microbial profile of eggs [51,54,55]. The
predominance of E. coli in Zambia, along with the resistance patterns
observed, raises concerns regarding public health and food safety,
particularly in relation to the potential for antibiotic-resistant strains
entering the food supply.

The VITEK 2 system’s MIC values showed that S. enterica A10
was resistant to many f-lactam drugs, even third-generation
cephalosporins. This is a trend of resistance that should be taken very
seriously. A10 was more resistant to cefixime and ceftazidime than
global isolates. This could be because of selective forces in that area
or possible horizontal gene transfer. This fits with what other countries
have found, but it shows a resistance profile that has not been seen
before in Saudi Arabia.

This study is unique because it found S. enterica A10 on eggshells,
which is an area that is often ignored as a source of contamination.

It also sequenced the genome of this strain (GenBank Accession:
PP967976), which will be used as a new standard for future epidemic
monitoring [Figure 4].

This study presented findings that are inconsistent with previous
research that identified the presence of E. coli and Salmonella species
in table eggs sold for human consumption in Peshawar city [56], along
with their resistance to various antimicrobial drugs commonly used in
Pakistan for poultry and human health [56]. A total of 80 eggs were
collected from various shops in Taif city for this analysis. E. coli and
Salmonella spp. were isolated from 85.36% (70) and 14.63% (12)
of the total collected egg samples (80), respectively. The shells of
eggs showed significantly higher contaminations as compared to egg
internal contents for both E. coli and Salmonella spp. Hence, it can
be concluded from this study that, the table eggs sold in the markets
of Peshawar Pakistan are infected with multidrug resistance (MDR)
strains of E. coli and Salmonella spp. [57].

The results of our study on antibiotic sensitivity and resistance indicate
that bacterial isolates exhibit varying levels of sensitivity to certain
antibiotics while showing resistance to others. Notably, Salmonella
demonstrated a significant level of AR, highlighting its serious
pathogenic potential. Our findings align with those from a similar study
conducted in China [58], which also analyzed isolates from both eggs
and chicken intestines. The antibiotics SMZ, ceftriaxone, nalidixic
acid, cefazolin, and AMX showed considerable resistance among the
isolates. In addition, strains isolated from chicken intestines displayed
relative resistance to ciprofloxacin (CIP) and tetracycline (TET),
while strains from eggs exhibited resistance to gentamicin (GEN) and
kanamycin. Among the eight Salmonella strains identified from eggs,
six or more antibiotics were resisted, whereas most bacterial isolates
were resistant to two to five antibiotics [58]. Using PCR amplification,
34 multidrug-resistant Salmonella strains were examined for 33
virulence genes and 15 types of drug resistance genes. Six isolates
were found to carry more than 20 virulence genes, and ten possessed
seven or more drug resistance genes [58].

In a study from Minna, Gram-positive bacteria exhibited the highest
sensitivity to GEN (100%) but showed 100% resistance to cloxacillin,
ceftazidime, and erythromycin. Similarly, while no Gram-negative
bacteria were resistant to CIP, E. coli, Salmonella, and Shigella
isolated from eggshells were resistant to augmentin and AMX [50].
Further analysis of the result revealed that all the isolated bacteria
from eggshells were multidrug resistant except Neisseria spp. with
multidrug-resistant index >0.2 [50].

The high prevalence and the detection of pathogenic and multidrug-
resistant strains, in the current study highlight the poor management
system in the poultry farm and different related sites, which is in
agreement with other studies [59-65]. In this study, poultry has been
reported as a source of nontyphoidal Salmonella which are resistant
to clinically relevant antibiotics and remarkably pose a high risk
to both animals and humans. Moreover, the indiscriminate use of
antimicrobials in poultry animals for growth promotion and disease
prevention is considered the key driver behind the surge. More
attention should be focused on increasing antibiotic surveillance
capacity to cope with the spread of emerging resistance and on the
alternative therapeutic approaches.

5. CONCLUSION

Overall, this study has been able to demonstrate the presence of
different isolates outside and inside eggs in Taif. It has also shown the
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presence of resistant isolates outside and inside eggs, which poses a
serious public health concern given the consumption patterns of these
eggs.The eggshells of eggs sold in the Makkah province were found
to be infected with antibiotic-resistant strains of E. hermannii, E. coll,
S. aureus, S. enterica, and S. xylosus.

The study highlighted the significant incidence of multidrug-resistant
nontyphoidal Sal/monella in chicken farms, as well as inadequate
management systems and the indiscriminate use of antimicrobials for
growth promotion and disease prevention. It advocates for improved
antibiotic surveillance and alternate therapy strategies.

Transferring tainted eggs to consumers poses a significant risk to
public health. Antibiotic use in chicken farms should be decreased.
Employing good hygiene when collecting, storing, and processing

eggs.

The results of our study’s antibiotic sensitivity and resistance test show
that the bacterial isolates are sensitive to some antibiotics and resistant
to others, and the strain Salmonella entrica A10 was a powerfull
antibiotic resistant pathogen.

This work has some challenges, even though it does demonstrate that
multidrug-resistant S. enterica A10 can be found on eggshells. First, the
study only looked at Taif City, so it might not show the overall trends
of disease in Saudi Arabia. Second, the molecular characterization was
limited to 16S rRNA sequencing. Whole-genome sequencing would
give us a better understanding of how resistance works. Finally, there
was no direct examination of sources of pollution in fields or wet
markets. This could have helped find the origin of resistant types more
exactly.

6. FUTURE PROSPECTIVES

Based on this conclusion, it is necessary to give training programs
on the best practices of improving the understanding of individuals
regarding the proper handling of eggs for those responsible for their
care. It is highly recommended to improve the hygienic conditions of
poultry farms and regulate the use of antibiotics to prevent their misuse
and overuse. Consumers should clean the eggshell before breaking
it for cooking. Further research should be conducted to identify the
source of contamination. The level of risk associated with consuming
contaminated eggs should be evaluated. Education should include
instructions on good sanitary practices for handling.
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