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Molecular investigation on Listeria
monocytogenes and Salmonella
enteritidis in table eggs and
diarrheic patients
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Listeria monocytogenes (L. monocytogenes) is a widely distributed zoonotic foodborne pathogen
capable of surviving under harsh environmental conditions, including low pH and high salt
concentrations. Eggs and egg products represent one of the most common sources of human
salmonellosis, primarily caused by Salmonella enterica serovar Enteritidis (S. enteritidis). Accordingly,
the present study was conducted to perform a molecular investigation of L. monocytogenes and S.
enteritidis in table eggs and stool samples obtained from diarrheic patients. A total of 58 pooled
samples of fresh hen’s eggs, along with 34 stool samples, were collected and subjected to DNA
extraction followed by polymerase chain reaction (PCR) analysis. The results revealed the presence of
L. monocytogenes and S. enteritidis DNA in 55.2% and 50% of the examined egg samples, respectively.
A higher prevalence of L. monocytogenes was detected on eggshells compared to egg contents.
Variations in infection rates were observed based on gender and age; L. monocytogenes infections
were more frequently identified in males and younger individuals, whereas S. enteritidis infections
were more common among females and older children. Gastrointestinal symptoms were associated
with both infections, with abdominal pain being particularly prevalent in patients infected with S.
enteritidis. In conclusion, the findings of this study highlight the potential zoonotic risk posed to
consumers and underscore the urgent need for implementing effective control programs in laying hen
farms.
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Microbial contamination of table eggs has significant implications for the poultry industry, while egg-associated
illnesses represent a serious public health concern worldwide. Eggs can serve as important vehicles for the
transmission of foodborne pathogens'. Table eggs, including raw and ready-to-eat products stored under
refrigeration, have been reported to harbor Listeria monocytogenes (L. monocytogenes), a zoonotic foodborne
bacterium responsible for listeriosis in humans*. Contamination of foods with L. monocytogenes has been
associated with numerous sporadic cases and large-scale outbreaks globally. Infection with this pathogen
can result in a wide range of clinical manifestations, including central nervous system disorders, septicemia,
endocarditis, localized infections, and gastroenteritis. In vulnerable populations, particularly pregnant women,
it may also lead to severe outcomes such as stillbirths and miscarriages®.

Invasive listeriosis represents the more severe form of the disease and primarily affects high-risk groups,
including pregnant women, the elderly, immunocompromised individuals, and neonates®. The severity of
infection is influenced by both the virulence of the infecting strain and the immune status of the host. Although
relatively uncommon, listeriosis is associated with a high case-fatality rate, with mortality estimates ranging
from 20% to 30% annually”=°.

The epidemiology of Salmonella enterica serovar Enteritidis (S. enteritidis) highlights its strong adaptation
to table eggs as a major biological reservoir. Since the mid-1980s, S. enteritidis has been responsible for the
majority of zoonotic foodborne salmonellosis outbreaks worldwide. In the United States, 298 (80%) of the 371
outbreaks with identified sources reported between 1985 and 1999 were attributed to eggs'®!!. Similarly, in the
European Union, 165,023 confirmed cases of human salmonellosis were reported in 2006 through the European
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Surveillance System (TESSy)!2%. Among these, S. enteritidis accounted for approximately 62.5% of cases, whereas
Salmonella Typhimurium was responsible for about 12.9%. Other serotypes collectively contributed to a smaller
proportion of infections, with Infantis, Virchow, Newport, Hadar, Stanley, Derby, Agona, and Kentucky among
the top reported causes. Notably, eggs and egg products were the most frequently implicated food vehicles in
salmonellosis outbreaks'®. These findings emphasize the strong epidemiological link between S. enteritidis
infections in humans and the consumption of contaminated eggs and egg-derived products.

Protective measures, including the establishment of effective surveillance and detection systems for food
safety, are essential to ensure the safety of both raw and processed animal-derived foods, such as table eggs, for
human consumption. Among commonly consumed foods, whether at home, in restaurants, or from convenience
outlets, table eggs are distinctive in that they are often served in their natural form without the addition of
artificial additives. Under proper flock management and in the absence of vertical transmission, most freshly
laid eggs are internally sterile. This is largely attributed to the presence of natural protective barriers, including
the cuticle, shell membranes, and the inherent antimicrobial properties of eggs'*.

Conventional culture-based methods for detecting foodborne microorganisms are time-consuming, as they
involve multiple steps, including enrichment, selective plating, and incubation. In contrast, polymerase chain
reaction (PCR) has become one of the most widely used diagnostic tools due to its rapidity, high sensitivity, and
specificity, enabling the prompt detection and identification of specific pathogens from diverse sources'*-16.
Accordingly, the present study was conducted to determine the prevalence of the foodborne pathogens L.
monocytogenes and S. enteritidis in table eggs and stool samples from diarrheic patients in Assiut City, Egypt. In
addition, the study aimed to evaluate associated risk factors, including age and sex, using molecular detection
methods.

Materials and methods

Ethical approval

The experimental protocol of this study was performed in accordance with the relevant guidelines and regulations
of the Scientific Research Committee and the Ethics Board of the Faculty of Medicine, Assiut University, Assiut,
Egypt, which approved all procedures of the study (Ethical Approval No. 40-2025-201495). Written informed
consent was obtained from all human participants.

Sample collection and preparation

Collection of egg samples

Fifty-eight fresh hen's egg samples (pooled samples), including farm eggs and Baladi (farmer’s house) eggs,
were commercially purchased directly from local supermarkets for molecular detection of L. monocytogenes and
S. enteritidis on egg shells and contents (29 pooled samples for each type, each pooled sample was represented
by three eggs)!”. Cracked, improperly stored, contaminated, unlabeled, or inadequately collected samples
that could compromise laboratory results were excluded from the study. Egg samples were obtained using a
systematic random sampling approach to ensure representative selection and minimize selection bias. Sampling
was conducted across multiple supermarkets located in different areas of Assiut city, and visits were performed
on different days and times throughout the study period (June to November 2025) to account for variability in
supply sources. These samples were transferred in plastic bags in a tank to the laboratory. Whole eggs were stored
in a refrigerator at 4°C until DNA extraction.

Preparation of egg samples'”

The three eggs of each pooled egg sample were washed in 15 mL of sterile saline in a sterile beaker of 1000 mL
capacity, rubbed with a sterile swab, and taken as an eggshell sample in a sterile Falcon tube of 15 mL, from
which 200 pl was taken in a sterile Eppendorf tube for DNA extraction. The three eggs were sprayed with 70%
alcohol and exposed to flame on their broad ends, and aseptically broken; their contents were taken into a sterile
beaker and thoroughly homogenized and mixed by a sterile fork. 200 pl was taken in a sterile Eppendorf tube as
an egg content sample. The eggshell and egg content samples were stored at —20 °C until DNA extraction. This
part of the work was done in the Department of Food Hygiene, Safety and Technology, Faculty of Veterinary
Medicine, Assiut University, Assiut, Egypt.

Collection of stool samples
Thirty-four stool samples were collected from diarrheic human patients aged 5 months to 16 years, and
included 20 males and 14 females from different hospitals and medical laboratories in Assiut city, Egypt, from
June to November 2025. Following clinical assessment, the study objectives were explained to the patients’
guardians, and written informed consent was obtained prior to sample collection. A structured epidemiological
questionnaire was then administered to collect demographic data (age and sex) and relevant clinical history,
including gastrointestinal symptoms and recent illness. Samples from patients without diarrhea and samples
with insufficient quantity or those not transported and stored according to the study protocol were excluded.
The stool samples were collected in sterile cups, transferred to the laboratory, and preserved at —20°C until
molecular examination for the presence of L. monocytogenes and S. enteritidis infection.

Molecular detection

DNA extraction

From egg shell, content, and stool samples, DNA extraction was performed according to the manufacturer’s
instructions for the ABT Genomic DNA Mini Extraction Kit (Cat. No. EX01). The whole DNA of the samples
was extracted and stored at —20 °C.
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Primer name
Bacteria spp. PCR target and gene (internal EURL no.) | T_ (°c) | Sequence (5’ to 3') Size (bp) | Reference
i LMIF 5'CGGAGGTTCCGCAAAAGATG 3’
L. monocytogenes I—;sriolysm 59°c 234 bp 4344
(hlyA) gene LM2R 5'CCTCCAGAGTGATCGATGTT 3'
S1 5' GCCGTACACGAGCTTATAGA 3'
S. enteritidis Salmonella enteritidis phage type 4 strain 58°c 250 bp 4546
S4 5" ACCTACAGGGGCACAATAAC 3'
Table 1. The primers used in PCR reactions.
Bacteria spp. No. of examined samples | Positive (%) | X, | p<0.05
L. monocytogenes | 58 32 (55.2%) a1t | 07
S. enteritidis 58 29 (50%)

Table 2. Prevalence of L. monocytogenes and S. enteritidis infections in egg samples.

PCR amplification and primer design

PCR was used to amplify the L. monocytogenes genome’s hemolysin (hlyA) gene with a length of 234 bp PCR
products and S. enteritidis genome’s Salmonella enteritidis phage type 4 strain with length of 250 bp PCR
products were produced. The total volume of the PCR reaction was 20 pl, the reaction contained the following:
10 ul 2X ABT red master mix (Applied Biotechnology, Egypt) (Cat. No. AMP 01), 1 ul of each forward and
reverse primers (10 pmol), and 8 ul template DNA. The conditions for primers during PCR for L. monocytogenes
detection were started with initial denaturation at 95°C for 10 min, followed by 45 cycles including the
denaturation phase at 95°C for 20 s, annealing phase for 30 s at 60 °C, and extension phase at 72°C for 30 s. At
the end, the final extension was carried out at 72°C for 7 min., while the conditions for primers during PCR for
S. enteritidis detection were started with initial denaturation at 94°C for 5 min, followed by 45 cycles including
the denaturation phase at 94°C for 30 s, annealing phase for 30 s at 58 °C, extension phase at 72°C for 30 s. At the
end, the final extension was carried at 72°C for 10 min. The PCR amplification was performed in a thermal cycler
(Kyratec-Thermal Cycler, Adelab Scientific, Australia). Primers for detecting DNAs of the L. monocytogenes and
S. enteritidis directly in samples were developed as shown in Table 1.

Gel electrophoresis

For visualization, 8 pl of amplified PCR products were subjected to 40 min of gel electrophoresis at 150 V
and 116 mA in a 2% agarose molecular grade gel, from GENETIX biotech ASIA PVT.LTD. (Cat.:PG-40005).
It was prepared according to!® and then mixed with ethidium bromide solution 0.5 pg/mL (2 ul/100 ml gel)
(applied Biotechnology, Cat.No.EL01) for electrophoresis using Electrophoresis Equipment (Cleaver Scientific
& multiSUB Midi, Midi Horizontal Electrophoresis System, UK). The gel was documented and visualized on a
UV transilluminator (Gel Imager - Azure 200, USA); to view the amplicons after their size was determined using
size marker DNA of 100 bp (BERUS 100 bp, WF-10407002). The part of molecular detection was made in the
Department of Microbiology and Immunology, Faculty of Veterinary Medicine, Assiut University, Assiut, Egypt.

Statistical analysis

All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) software
(Version 16.0; SPSS Inc., Chicago, IL, USA). Descriptive statistics were used to summarize the prevalence
of L. monocytogenes and S. enteritidis in egg samples (farm and Baladi) and stool samples from diarrheic
patients. Associations between categorical variables (e.g., egg type, sex, age group, and clinical symptoms) and
the detection of the target pathogens were assessed using the Chi-square (x?) test. A p<0.05 was considered
statistically significant.

Results

Molecular detection of L. monocytogenes and S. enteritidis in egg samples

Prevalence of L. monocytogenes and S. enteritidis in egg samples

As shown in Table 2, positive L. monocytogenes and S. enteritidis DNA was detected in 55.2% and 50% egg
samples, respectively, with no significant difference.

Prevalence of L. monocytogenes and S. enteritidis in egg types and parts

As shown in Table 3; Fig. 1, L. monocytogenes DNA was detected in 44.82% and 58.62% of farm and Baladi
eggshell samples, respectively, whereas its prevalence in egg contents was markedly lower, at 3.44% and 10.34%,
respectively, with a statistically significant difference between shells and contents. Similarly, S. enteritidis DNA
was identified in 34.48% of farm eggshell samples and 65.51% of Baladi eggshell samples, demonstrating
a significant variation between the two groups (Fig. 2). Notably, S. enteritidis DNA was not detected in the
contents of either farm or Baladi eggs.
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Bacteria spp. Eggtypes | Eggparts | No. of examined samples | Positive (%) | X, p<0.05
Shell 13(44.82%)
Farm eggs 29
Content 1(3.44%) "
L. monocytogenes 29.791 | 0.000
Shell 17(58.62%)
Baladi eggs 29
Content 3(10.34%)
Shell 10(34.48%)
Farm eggs 29
Content 0(0%) -
S. enteritidis 46.115 | 0.000
Shell 19(65.51%)
Baladi eggs 29
Content 0(0%)

Table 3. Prevalence of L. monocytogenes and S. enteritidis infections in egg types and parts. (** highly
significant).

Fig. 1. Amplification of L. monocytogenes genome’s hemolysin (hlyA) gene with a length of 234 bp PCR
products. Lane L: DNA ladder (100 bp), lane 1: positive L. monocytogenes stool sample, lane 2: positive L.
monocytogenes farm egg content sample, lane 3: positive L. monocytogenes farm egg shell sample, lane 4:
positive L. monocytogenes Baladi egg content sample, lane N: negative control, and lanes 6-9: positive L.
monocytogenes Baladi egg shell samples.

Relation between L. monocytogenes infection in egg content and eggshell of the same egg

The data presented in Table 4 indicate that, among farm egg samples, 13 were positive for L. monocytogenes
exclusively on the eggshells, while 15 samples were negative in both shells and contents. Only one sample showed
contamination in the egg content despite a negative shell. Regarding Baladi egg samples, two samples were
positive in both shells and contents. In addition, 15 samples were contaminated exclusively on the shells, whereas
11 samples were negative in both shells and contents. Similarly, only one sample exhibited contamination in the
content with a negative shell.

Correlation between the detected egg samples according to bacteria. Spp. infections

As shown in Table 5, among farm eggshell samples, 7 (24.13%) were positive for L. monocytogenes only, 4
(13.79%) for S. enteritidis only, and 6 (20.68%) for mixed infection. In contrast, farm egg content samples showed
a markedly lower prevalence, with only 1 (3.44%) sample positive for L. monocytogenes and no detection of S.
enteritidis or mixed infections. Similarly, in Baladi eggshell samples, 4 (13.79%) were positive for L. monocytogenes
only, 6 (20.68%) for S. enteritidis only, and 13 (44.82%) for mixed infection. In egg contents, 3 (10.34%) samples
were positive for L. monocytogenes, while no samples were positive for S. enteritidis or mixed infections. Overall,
no statistically significant differences were observed between farm and Baladi eggs with respect to the detection
of the investigated bacterial pathogens.
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Fig. 2. Amplification of the S. enteritidis genome of Salmonella enteritidis phage type 4 strain with a length of
250 bp PCR products. Lane L: DNA ladder (100 bp), lane 1: positive S. enteritidis stool sample, lane 2: positive
S. enteritidis farm egg shell sample, lane 3: positive L. monocytogenes Baladi egg shell sample, and lane N:
negative control.

Egg parts
Content
Egg type Positive | Negative | Total | X, p<0.05
Positive | 0 13 13
Farm eggs | Shell | Negative | 1 15 16 0.842 | 0.359
Total 1 28 29
Positive | 2 15 17
Baladi eggs | Shell | Negative | 1 11 12 0.089 | 0.765
Total 3 26 29

Table 4. The relation between L. monocytogenes infection in the egg content and the egg shell of the same egg.

Bact. spp. positive samples (%)
Samples types No. of examined samples | L. monocytogenes only | S. enteritidis only | Mixed infection | X, p<0.05
Farm egg shell 7(24.13%) 4(13.79%) 6 (20.68%)
Farm egg content 1(3.44%) 0(0%) 0(0%)
29 11.177 | 0.083
Baladi egg shell 4(13.79%) 6(20.68%) 13(44.82%)
Baladi egg content 3(10.34%) 0(0%) 0(0%)

Table 5. Correlation between the detected egg samples according to bact. spp. infections.

Molecular detection of L. monocytogenes and S. enteritidis in diarrheic patients

Prevalence of L. monocytogenes and S. enteritidis infections in diarrheic patients

In Table 6, the prevalence of L. monocytogenes and S. enteritidis infections were 11.76% and 41.17%, respectively,
with a significant difference.
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No of examined samples | Bact. Spp. Positive samples (%) | X, p<0.05

L. monocytogenes | 4 (11.76%) »
34 7.556 | 0.006
S. enteritidis 14 (41.17%)

Table 6. Prevalence of L. monocytogenes and S. enteritidis infections in diarrheic patients. (** highly
significance).

Risk factors | Bacteria Spp. No. of the examined samples Prevalence No. (%) | X, p<0.05
Male 20 | 3 (15%)
L. monocytogenes 0.490 | 0.484
Female 14 | 1(7.14%)
Sex
Male 20 | 7 (35%)
S. enteritidis 0.765 | 0.382
Female 14 | 7 (50%)
5m-1Y 5 | 1(20%)
>1Y -5Y 10 | 1(10%)
L. monocytogenes 0.437 | 0.933
>5Y —10Y 11 | 1(9.09%)
>10Y - 16Y 8 |1 1(12.5%)
Age
5m-1Y 5 | 1(20%)
>1Y -5Y 10 | 3 (30%)
S. enteritidis 2.510 | 0.473
>5Y -10Y 11 | 6(54.54%)
>10Y - 16Y 8 | 4(50%)
With accompanying symptoms 21 | 2(9.52%)
L. monocytogenes 0.266 | 0.606
Without accompanying symptoms | 13 | 2 (15.38%)
Symptoms With 21 | 7(28.57%)
ith accompanying symptoms .57%
S. enteritidis Panying symp 1.395 | 0.238
Without accompanying symptoms | 13 | 7 (53.84%)

Table 7. Prevalence of L. monocytogenes and S. enteritidis infections in diarrheic patient and associated risk
factors.

Prevalence of L. monocytogenes and S. enteritidis infections in diarrheic patients according to sex

As shown in Table 7, the prevalence of L. monocytogenes was higher in males (15%) than in females (7.14%),
whereas S. enteritidis infections were more frequently detected in females (50%) compared to males (35%).
However, these differences were not statistically significant between the two sexes for either pathogen.

Prevalence of L. monocytogenes and S. enteritidis infections in diarrheic patients according to age

With respect to age, the highest prevalence of L. monocytogenes was observed in the 5 months-1 year age group
(20%), followed by >10-16 years (12.5%) and >1-5 years (10%), while the lowest prevalence was recorded in
the >5-10 years group (9.09%). In contrast, S. enteritidis showed the highest prevalence in the >5-10 years age
group (54.54%), followed by >10-16 years (50%) and >1-5 years (30%), whereas the lowest prevalence was
detected in the 5 months-1 year group (20%). However, no statistically significant differences were observed
among the different age groups for either pathogen (Table 7).

Prevalence of L. monocytogenes and S. enteritidis infections in diarrheic patients according to symptoms

As shown in Table 7, L. monocytogenes and S. enteritidis were detected in 9.52% and 28.57% of diarrheic patients
presenting with accompanying symptoms, respectively. In contrast, higher detection rates were observed
among patients without accompanying symptoms, at 15.38% for L. monocytogenes and 53.84% for S. enteritidis.
However, these differences were not statistically significant between the two groups.

According to Supplementary Table 1, among L. monocytogenes-infected patients, vomiting and abdominal
pain were each reported in 20% of cases, whereas dehydration and fever were not observed (0%), with no
significant associations identified. In comparison, among S. enteritidis-infected patients, vomiting and fever
were each reported in 40% of cases, while dehydration and abdominal pain were more frequently observed, at
50% and 60%, respectively.

Demonstration of positive L. monocytogenes and S. enteritidis infections in diarrheic patients according to
accompanying symptoms

Based on the data presented in Supplementary Table 2, 50% of L. monocytogenes-positive diarrheic patients
exhibited both vomiting and abdominal pain, while fever and dehydration were not reported (0%). In contrast,
28.6% of S. enteritidis-positive patients presented with various combinations of symptoms, including vomiting,
fever, dehydration, and abdominal pain. These manifestations occurred in different combinations across
patients, such as vomiting with fever and dehydration, fever with abdominal pain, vomiting with dehydration
and abdominal pain, and vomiting with abdominal pain, as well as isolated abdominal pain or dehydration.
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Notably, abdominal pain was the most frequently reported symptom, occurring in 85.7% of S. enteritidis-positive
patients with accompanying symptoms.

Discussion

Listeria monocytogenes is a significant foodborne pathogen responsible for listeriosis in humans?, largely due
to its ability to persist in raw and ready-to-eat (RTE) foods stored under refrigerated conditions. For several
decades, the contamination of eggs with Salmonella has posed a major challenge to public health authorities
and the poultry industry worldwide. In Europe, eggs and egg products are among the most common vehicles of
human salmonellosis, predominantly caused by Salmonella enterica serovar Enteritidis'.

Our findings demonstrated that L. monocytogenes DNA was detected in 55.2% of the examined egg samples,
a prevalence higher than that reported by?’(6.7%)?!, (18.3%), and'4(7%). Similarly, S. enteritidis DNA was
identified in 50% of egg samples in the present study (Table 2). This prevalence exceeds earlier reports, including
an overall incidence of 3.41%22, and 0.5% (27/5,548 pooled samples representing 33,288 eggs) documented in
studies conducted in China®’, where S. enteritidis was the predominant serotype. In contrast, another study
has reported no detectable contamination with Salmonella spp. or L. monocytogenes in examined egg samples'.
The comparatively higher prevalence observed in this study may be attributed to several factors, including
geographical variation, differences in farm management and biosecurity practices, environmental and climatic
conditions, sampling strategies, and the higher analytical sensitivity of PCR-based detection methods compared
with conventional culture techniques.

As shown in Table 3, L. monocytogenes DNA was detected in 44.82% and 58.62% of farm and Baladi
eggshell samples, respectively. In contrast, its prevalence in content was markedly lower, at 3.44% and 10.34%,
respectively. These findings differ significantly from a previous report*, which found L. monocytogenes in 13.3%
of pooled egg samples, exclusively on eggshells, with no detection in egg contents. Similarly, S. enteritidis DNA
was identified in 34.48% and 65.51% of farm and Baladi eggshell samples, respectively, showing a significant
variation between the two egg types. Notably, S. enteritidis DNA was not detected in the egg contents of either
farm or Baladi eggs.

Consistent with our findings, Salmonella species were not isolated from the contents of Baladi hen eggs in
studies by*® and®®. In contrast, a previous study?’, reported the isolation of S. enteritidis from one Baladi eggshell
sample and one farm egg content sample, while another study®® detected S. enteritidis in 3.33% of both eggshell
and content samples. Such variation may be attributed to differences in the health status of laying hens, the level
of eggshell contamination and its subsequent penetration, as well as the possibility of transovarian Salmonella
in eggs®.

As shown in Table 4, most L. monocytogenes detections in farm eggs were confined to the eggshell, with 13
samples testing positive on the shell only, while 15 samples were negative in both shell and content. Only one
sample exhibited internal contamination despite a negative shell result. A similar trend was observed in Baladi
eggs, where the majority of positive samples were limited to the shell (n=15), and 11 samples were negative in
both shell and content. However, two samples showed contamination in both shell and content, and one sample
demonstrated internal contamination in the absence of shell positivity. These findings suggest that eggshell
contamination does not necessarily translate into contamination of egg contents. This observation is consistent
with previous studies conducted in Egypt, such as?® and!*, which reported lower overall prevalence rates and
similarly found that contamination was largely restricted to the eggshell, with minimal or no detection in egg
contents.

The higher detection rates observed in the present study may be attributed to the use of direct PCR, a more
sensitive technique compared to conventional methods. The predominance of shell-only contamination can
be explained by the natural defense mechanisms of eggs. The eggshell, shell membranes, and antimicrobial
components of egg albumen, such as lysozyme, ovotransferrin, and avidin, act as effective barriers that limit
bacterial penetration and survival within the egg under normal conditions. Consequently, eggshell contamination
alone should not be considered a reliable indicator of internal contamination'®!420-30:31,

Nevertheless, the detection of L. monocytogenes in both shell and content in some samples suggests that
bacterial penetration can occur. This may result from compromised shell integrity or unfavorable storage
conditions, including high humidity, temperature fluctuations, prolonged storage, or exposure to high bacterial
loads, all of which facilitate horizontal transmission from shell to content. Additionally, the occurrence of
internal contamination in the absence of shell contamination indicates the possibility of vertical (transovarian)
transmission, whereby the pathogen infects the reproductive tract of laying hens and contaminates the egg
prior to shell formation!®*!. Although less common, this route has been documented and provides a plausible
explanation for such findings.

In Table 5, contamination of farm eggs was predominantly detected on the eggshell. Specifically, 7 (24.13%)
samples were positive for L. monocytogenes only, 4 (13.79%) for S. enteritidis only, and 6 (20.68%) showed mixed
infection. In contrast, egg contents showed minimal contamination, with only one sample (3.44%) positive
for L. monocytogenes and no detection of S. enteritidis or mixed infection. A similar pattern was observed in
Baladi eggs, where eggshell contamination was more frequent than internal contamination. Among eggshell
samples, 4 (13.79%) were positive for L. monocytogenes only, 6 (20.68%) for S. enteritidis only, and 13 (44.82%)
showed mixed infection. In comparison, egg contents revealed limited contamination, with 3 (10.34%) samples
positive for L. monocytogenes and no detection of S. enteritidis or mixed infections. The present findings are
in agreement with previous studies indicating that bacterial contamination of eggs is primarily confined to
the shell, while internal contamination occurs less frequently due to the protective barriers of intact eggs. A
previous study reported that contamination is largely localized on the eggshell surface, with limited penetration
into the egg contents’!. Similarly, another study demonstrated that eggshells commonly harbor foodborne
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pathogens, including Salmonella, whereas contamination of egg contents remains relatively rare, largely due to
the antimicrobial properties of egg albumen and the integrity of shell membranes®.

The higher prevalence of mixed bacterial contamination observed in Baladi eggshells in the present
study is consistent with!4, who attributed increased microbial contamination in traditionally marketed eggs
to inadequate sanitation, greater environmental exposure, and poor handling practices. In addition, the
detection of L. monocytogenes alone in egg contents, without concurrent S. enteritidis, aligns with the findings
of?%, who reported that L. monocytogenes may occasionally be detected internally, while mixed infections are
uncommon. This pattern suggests that internal contamination may arise from transovarian transmission or,
less frequently, from bacterial penetration through the shell under unfavorable environmental conditions.
Furthermore, a previous study emphasized that although external contamination of eggs is relatively common,
internal contamination by foodborne pathogens remains infrequent due to the combined effect of physical and
biochemical defense mechanisms inherent to eggs™.

In Table 6, the prevalence of L. monocytogenes and S. enteritidis infections among diarrheic patients was
11.76% and 41.17%, respectively, with a significant difference between them. The detected prevalence of L.
monocytogenes (11.76%) was higher than that reported by*?, who identified 9 (5.2%) positive samples using
PCR. It was also higher than the prevalence reported in other countries, including 0% in Korea and China and
0.2% in Canada®-%. Similarly, the prevalence of S. enteritidis infections (41.17%) in the present study was higher
than the rates reported by>® and®”.

According to Table 7, the prevalence of L. monocytogenes infection was higher in males (15%) than in females
(7.14%), although the difference was not statistically significant. This finding is consistent with*?, who reported
that males accounted for 5 cases (55.5%) of L. monocytogenes infections, while females represented 4 cases
(44.4%). In contrast, another study from Sweden® showed a slightly higher prevalence among females (52%)
compared to males (50%). In the present study, S. enteritidisinfections were more prevalent in females (50%)
than in males (35%), with no statistically significant difference between the two groups. Conversely*’, reported a
nearly equal distribution, with 13 (48.1%) female and 14 (51.9%) male patients among the examined individuals.

As shown in Table 7, the highest prevalence of L. monocytogenes was observed in the 5 months — 1 year age
group (20%), followed by > 10-16 years (12.5%) and > 1-5 years (10%), while the lowest prevalence was recorded
in the >5-10 years group (9.09%). However, no statistically significant differences were detected among the
age groups. This finding is in partial agreement with??, who reported that 7 cases (77.7%) occurred in children
younger than five years.

On the other hand, the present study showed that the highest prevalence of S. enteritidis was detected in the
>5-10 years age group (54.54%), followed by >10-16 years (50%) and > 1-5 years (30%), whereas the lowest
prevalence was observed in the 5 months-1 year group (20%). Similarly, no statistically significant differences
were found among the age groups. These results are consistent with®, which reported that the 5-9 years age
group had the highest detection rate (15.1%), followed by <5 years (10.1%), while lower prevalence rates were
recorded in older age groups, including 30-39 years (4.9%) and >60 years (2.8%). The higher infection rates
among children may be attributed to behavioral factors, such as close contact with asymptomatic carriers,
frequent exposure to contaminated surfaces, and consumption of contaminated food or water®*4.

In Table 7, 9.52% and 28.57% of diarrheic patients with accompanying symptoms were infected with L.
monocytogenes and S. enteritidis, respectively. In contrast, higher prevalence rates were observed among patients
without accompanying symptoms, reaching 15.38% for L. monocytogenes and 53.84% for S. enteritidis, with no
statistically significant differences between the two groups. According to Supplementary Table 1, a correlation
analysis showed that vomiting and abdominal pain were each present in 20% of L. monocytogenes-infected
cases. In contrast, dehydration and fever were not detected (0%) among infected patients. These findings differ
from those reported by*?, where L. monocytogenes-infected children commonly exhibited fever (88.8%), mucus
in stool (77.7%), abdominal pain (44.4%), and blood in stool (11.1%). Similarly, studies have reported that L.
monocytogenes gastroenteritis is commonly characterized by fever, diarrhea, headache, and other gastrointestinal
symptoms such as nausea, vomiting, and abdominal pain, with a large proportion of patients experiencing at
least one digestive manifestation?!*2. Importantly, the relatively small number of L. monocytogenes-positive
cases in the present study limits the strength of conclusions regarding clinical manifestations; therefore, these
observations should be considered preliminary.

The observed clinical pattern suggests that S. enteritidis infection in diarrheic patients is commonly associated
with gastrointestinal and systemic manifestations. Abdominal pain (60%) and dehydration (50%) appear to
be the most prominent features, indicating significant intestinal involvement and fluid loss. Meanwhile, the
moderate occurrence of vomiting and fever (40% each) reflects a typical inflammatory response to infection.
Overall, these findings indicate that S. enteritidis may present with a combination of enteric symptoms and
systemic signs, with abdominal pain being the most consistent clinical indicator in the studied patients.

Study limitations

This study has several limitations that should be acknowledged. First, the detection of L. monocytogenes and S.
enteritidis relied exclusively on PCR, without subsequent culture-based isolation and confirmation. Consequently,
bacterial viability could not be assessed. Future studies should integrate molecular techniques with conventional
culture methods to confirm the presence of viable organisms and enhance the epidemiological relevance of
the findings. Second, further characterization of the detected bacteria was not performed. Analyses such as
serotyping, detection of virulence-associated genes, antimicrobial susceptibility testing, and whole-genome
sequencing were beyond the scope and available resources of the present study. Accordingly, future research
incorporating bacterial isolation alongside comprehensive phenotypic and molecular characterization would
provide a more robust understanding of the public health significance of these pathogens.
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Conclusion

The present study revealed a high molecular prevalence of L. monocytogenes and Salmonella enterica serovar
Enteritidis in table eggs and stool samples from diarrheic patients in Assiut City, Egypt, suggesting a potential
epidemiological link between contaminated eggs and human enteric infections. The higher detection rate of L.
monocytogenes on eggshells compared with egg contents indicates that external contamination may represent
a major route of bacterial transmission. Variations in pathogen prevalence according to age and sex were also
observed among diarrheic patients, reflecting possible differences in susceptibility and exposure patterns.
However, it is important to note that the detection of pathogen DNA indicates a potential public health concern
rather than confirming the presence of viable bacteria or direct zoonotic transmission. Accordingly, strengthening
biosecurity measures in laying hen farms, implementing routine microbiological surveillance, and promoting
proper egg handling, storage, and cooking practices are essential to mitigate the risk of foodborne transmission.
Furthermore, large-scale epidemiological and molecular studies are recommended to elucidate transmission
dynamics and assess the genetic relatedness between poultry- and human-derived isolates, thereby supporting
the development of effective prevention and control strategies.

Data availability
Datasets generated and/or analyzed during the current study are available from the corresponding author upon
reasonable request.
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