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ABSTRACT

Background and Aim: Listeria monocytogenes is a significant zoonotic pathogen linked to reproductive losses in livestock
and serious health risks in humans. In Iraq, listeriosis remains underreported in sheep, with limited data on its molecular
and epidemiological characteristics. This study aimed to (1) estimate the seroprevalence of L. monocytogenes in recently
aborted ewes, (2) evaluate the association between seropositivity and clinical indicators, and (3) perform molecular
detection and phylogenetic analysis of polymerase chain reaction (PCR)-confirmed isolates.

Materials and Methods: From November 2023 to August 2024, 168 aborted ewes in Wasit Province, Iraq, were sampled
for vaginal swabs and blood. Enzyme-linked immunosorbent assay (ELISA) was used for serological screening, while
DNA extracted from swabs underwent PCR amplification targeting the 16S ribosomal RNA gene. PCR-positive samples
were sequenced and phylogenetically analyzed using MEGA-11 software. Clinical data were statistically correlated with
seropositivity using odds ratios (OR) and relative risk (RR).

Results: ELISA revealed a seroprevalence of 23.21%, with the majority of infections classified as mild. PCR confirmed
L. monocytogenes in 3.57% of swabs. Seropositivity significantly correlated with vaginal discharge (30.08%, p = 0.0121),
retained placenta, and recent abortion history. Higher infection risk was observed in ewes with no or single previous
abortions (OR = 2.464; RR = 2.207) and in flocks with <10% abortion rates (OR = 3.729; RR = 2.731). Phylogenetic analysis
of six local isolates (GenBank IDs PQ865989.1-PQ865994.1) revealed 96.43%—97.62% sequence identity with an Iranian
reference strain (MT071644.1), suggesting regional transmission links.

Conclusion: This study is the first to molecularly characterize ovine L. monocytogenes in Iraq, revealing both the prevalence
of subclinical infection and cross-border phylogenetic relationships. The integration of serological and molecular diagnostics
highlighted underrecognized infections and provided novel insights into the epidemiology of strains. Findings emphasize
the need for broader regional surveillance, improved diagnostic protocols, and biosecurity measures in ovine reproductive
health management.

Keywords: ovine abortion, Listeria monocytogenes, enzyme-linked immunosorbent assay, polymerase chain reaction,
phylogenetic analysis, Iraq, Iran, 16S ribosomal RNA.

INTRODUCTION frequently in temperate and cooler regions [1, 2]. The
Listeriosis is a bacterial infection that affects a causative agent is Listeria monocytogenes, a Gram-

wide range of species, inc|uding mammals, birds, fish, positive, rod—shaped bacterium initially identified in

crustaceans, and insects, and it tends to occur more necrotic rabbit livers in Sweden and later isolated from
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laboratory animals [3—6]. Since 1985, L. monocytogenes
has evolved from a relatively obscure organism into a
prominent foodborne pathogen with significant public
health implications [7].

The infection process of L. monocytogenes involves
several mechanisms, such as adhesion, cellular invasion,
escape from vacuoles, intracellular replication, and
direct cell-to-cell transmission [8]. Its pathogenicity is
further enhanced by numerous virulence factors, many
of which are organized within genomic islands along the
bacterial chromosome [9]. Under natural conditions,
the pathogen can lead to abortion, encephalitis,
and septicemia in both adult and young sheep [10].
In adult sheep, infection primarily occurs through
ingestion of contaminated feed or water, while lambs
may acquire the infection through contaminated ewe
teats, consumption of infected milk, or congenitally [1].
Abortion typically manifests from the 12" week of
gestation onward and may be accompanied by retained
placenta and bloody vaginal discharge [11].

Prompt diagnosis is vital for the prevention and
control of listeriosis in farm animals [12]. Over time,
diagnostic approaches for L. monocytogenes have
advanced from traditional cold enrichment techniques
to modern conventional and molecular methods [13].
Although culture-based methods are still widely used,
they suffer from drawbacks such as low specificity
and limited ability to differentiate strains [14, 15].
In contrast, serological assays like enzyme-linked
immunosorbent assay (ELISA) offer advantages due to
their speed, widespread availability, and high sensitivity
and specificity [16, 17].

Recently, polymerase chain reaction (PCR)-based
molecular diagnostics have become increasingly
prominent for detecting L. monocytogenes, with a focus
on genetic targets such as the 16S rRNA gene. Both
qualitative and quantitative PCR assays are favored for
their accuracy, sensitivity, specificity, simplicity, and
commercial accessibility [18—-20].

Despite the zoonotic importance and economic
implications of L. monocytogenes infections in small
ruminants, particularly sheep, the epidemiology of
listeriosis in Iraq remains poorly understood. Most
available studies in the country are either outdated,
limited to specific regions (such as Nineveh, Najaf, and
Babylon), or rely solely on serological data without
molecular confirmation or genetic characterization
of the isolates [1-24]. These limitations hinder the
understanding of circulating strains, transmission
dynamics, and their phylogenetic relationships with
global Listeria populations. Moreover, there is a
critical lack of integrated studies that correlate clinical
outcomes in sheep with both serological and molecular
diagnostic findings. The absence of national surveillance
and limited molecular sequencing data further obstructs
the development of effective control measures,
particularly in border areas like Wasit province that may
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be influenced by transboundary pathogen movement.
Consequently, comprehensive studies employing a One
Health framework that combines clinical, serological,
and molecular approaches are essential to address
these knowledge gaps and support the development of
evidence-based policies.

The primary aim of this study was to provide the
first integrated serological and molecular investigation
of L. monocytogenes in aborted ewes in Iraq, with a
particular focus on Wasit province. Specifically, this
research sought to (1) estimate the seroprevalence
of listeriosis using ELISA, (2) evaluate the relationship
between seropositivity and key clinical indicators such
as abortion history, vaginal discharge, and gestational
timing, and (3) perform molecular detection and
phylogenetic analysis of L. monocytogenes isolates
through PCR amplification and sequencing of the 16S
rRNA gene. By comparing local isolates with global
reference strains, the study also aimed to explore
potential regional linkages, especially with neighboring
countries such as Iran. This integrative approach aims
to enhance diagnostic accuracy, elucidate infection
dynamics, and contribute foundational molecular
data to global databases, thereby supporting regional
surveillance and disease control initiatives in sheep
production systems.

MATERIALS AND METHODS

Ethical approval

All experimental procedures involving animals
were conducted in accordance with institutional animal
welfare guidelines and were approved by the Scientific
Committee of the College of Veterinary Medicine,
University of Wasit (Approval No. 39-21/10/2023).

Study period and location

The study was conducted from November 2023
to August 2024. This study was conducted at various
sites within Wasit Province, located in the southeastern
region of Iraq (32°40'N, 45°45’E), which shares a border
with Iran. The region is a key center for sheep farming,
with multiple breeds raised primarily for meat, milk, and
wool production. Despite their economic significance,
these animals frequently face health challenges,
including infectious diseases that impact reproductive
performance.

Sample collection and clinical evaluation

A total of 168 ewes that had recently aborted
were selected for sampling. Two vaginal swabs were
collected aseptically from each ewe. In addition, 2.5 mL
of venous blood was drawn into plain gel tubes (without
anticoagulant) and centrifuged at 4,000 x g for 5 min to
separate serum, which was then aliquoted into 1.5 mL
labeled Eppendorf tubes (ABDOS, India). All samples
were stored at -20°C until further analysis [25].

Clinical information recorded for each ewe
included abortion history, flock abortion rate in the
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previous year, gestational age at the time of abortion,
presence and type of vaginal discharge, incidence of
retained placenta, neurological signs, and maternal
death.

Serological detection of L. monocytogenes (ELISA)

Serological testing was performed using a
commercial sheep Listeria antibody ELISA kit (Catalog
No: SL00178Sp, Sunlong Biotech, China). All reagents
and samples were equilibrated to room temperature
before analysis. Optical density (OD) was measured
at 450 nm using an ELISA reader (BioTek, USA). Based
on the control values (positive control OD: 1.241 and
negative control OD: 0.067), a cutoff OD value of 20.217
was used to identify seropositive samples.

DNA extraction and PCR protocol

Genomic DNA was extracted from vaginal swabs
using the Presto mini gDNA bacteria kit (Geneaid,
Taiwan). DNA purity and concentration were verified
using a NanoDrop spectrophotometer (Thermo
Scientific, UK).
Conventional PCR was conducted using primers
targeting the 16S rRNA gene of L. monocytogenes:
e  Forward: FHAJ (5'-AGCAAGTCCAACGAAGGGAG-3’)
e Reverse: RHAJ (5'-AGCGATTCCGGCTTCATGTA-3’).

Each 20 uL reaction mix contained x1 premix buffer,
0.5 uM of each primer, 50 ng of template DNA, and
nuclease-free water. Both positive and negative-
template controls were included. Amplification was
carried out in a Bio-Rad thermal cycler (Bio-Rad, USA)
under the following cycling conditions:

e |Initial denaturation: 94°C for 7 min

e 35cycles of denaturation at 94°C for 45 s, annealing

at 54°C for 45 s, and extension at 72°C for 45 s

e Final extension: 72°C for 10 min.

PCR products were separated using 3% agarose
gel electrophoresis, stained with ethidium bromide
(Biotech, Canada) at 100V and 80 mA for 90 min. The
bandswerevisualized under ultraviolet transillumination
and compared with a molecular weight marker to
confirm the expected 1297 bp amplicon.

Sequencing and phylogenetic analysis

PCR-positive samples were submitted to Macrogen
(Korea) for sequencing. The resulting sequences were
deposited in the National Center for Biotechnology
Information (NCBI) GenBank database under accession
numbers  PQ865989.1-PQ865994.1.  Phylogenetic
trees were constructed using MEGA 11.0 software
(Pennsylvania State University, USA) with the Neighbor-
Joining algorithm and 1000 bootstrap replications.
Sequence homology and alignment were assessed using
NCBI-Basic Local Alignment Search Tool (BLAST), (NCBI,
USA) [26].

Statistical analysis
All statistical analyses were performed using
GraphPad Prism version 8.0.2 (GraphPad Software Inc.,
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San Diego, CA, USA) [27]. Descriptive statistics were
presented as means * standard error or as percentages.
One-sample t-tests or Wilcoxon rank-sum tests were
used for group comparisons. Associations between
seropositivity and clinical variables were assessed by
calculating odds ratios (OR) and relative risk (RR), with
statistical significance set at p < 0.05.

RESULTS

Serological findings

ELISA screening revealed that 23.21% (39/168)
of the sampled aborted ewes tested positive for
L. monocytogenes antibodies (Figure 1). Among these
seropositive animals, 53.85% were categorized as having
mild infections, 28.21% as moderate, and 17.95% as
severe based on OD values (Figure 2). The average OD
readings were 0.292 + 0.009 for mild, 0.411 + 0.009 for
moderate, and 0.623 + 0.039 for severe cases (Figure 3),
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Figure 1: Total serological results for testing the serum
samples of 168 aborted ewes by enzyme-linked
immunosorbent assay.
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Figure 2: Percentage of mild, moderate, and severe
infections among the 39 seropositive patients.
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indicating a correlation between antibody levels and
the severity of infection.

Correlation between seropositivity and clinical
parameters

A statistically significant association (p < 0.0121)
was found between seropositivity and the presence
of vaginal discharge, which was observed in 30.08% of
seropositive cases. Additional correlations were noted
with retained placenta (24.49%), recent abortion within
the flock (23.21%), gestational timing (23.21%), and
prior abortion history in the same animal (13.46%).
Notably, no seropositive animals exhibited neurological

symptoms or maternal death post-abortion (Table 1).

Abortion history and risk stratification

Listeriosis prevalence was significantly higher
(p £0.0424) in ewes with no previous abortions (17.24%)
and in those that had aborted once (13.33%), compared
to animals with a history of two or more abortions (0%).
Risk assessment indicated that ewes experiencing a single
abortion had an elevated (OR = 2.464) and (RR = 2.207),
underscoring their higher susceptibility to infection.

Flock abortion rate and infection prevalence

Flock-level data from the previous year revea-
led significantly increased listeriosis prevalence (p <
0.0455) in flocks with £10% abortion rates (36.62%,
OR: 3.729, RR: 2.731). In comparison, flocks with
10%—-30% and 230% abortion rates exhibited much
lower prevalence values of 14.29% (OR: 0.352,
RR: 0.446) and 7.69% (OR: 0.255, RR: 0.314),
respectively.

Impact of gestational timing on infection

Although the overall prevalence of listeriosis did
not significantly differ between abortions in the first
(19.15%) and second (24.79%) halves of gestation
(p £0.513), the RR was notably higher in the second half
of pregnancy (OR: 1.675, RR: 1.292), compared to the
first half (OR: 0.597, RR: 0.774).

Vaginal discharge type and infection rate

Among seropositive animals, watery vaginal
discharge was associated with the highest infection
rate (34.15%, OR: 1.845, RR: 1.555), followed by
mucopurulent (22.22%, OR: 0.6, RR: 0.687) and bloody
discharge (21.43%, OR: 0.603, RR: 0.686), suggesting
that discharge type may serve as a useful clinical
indicator of L. monocytogenes exposure (Table 2).

Molecular detection and phylogenetic analysis

Out of the 168 vaginal swabs analyzed by PCR, six
samples tested positive, corresponding to a molecular
prevalence of 3.57% (Figures 4 and 5). These isolates
were designated Hass-Sheep 1-6 and registered in
the NCBI GenBank database under accession numbers
PQ865989.1 to PQ865994.1. BLAST alignment and
phylogenetic analysis revealed a high degree of
sequence similarity (96.43%—97.62%) to the lIranian
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Figure 3: Quantitative values of mild, moderate, and severe
infections among 39 seropositive patients.
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Figure 4: Total molecular results for testing the vaginal
swab samples of 168 aborted ewes using conventional
polymerase chain reaction.

Table 1: Association of seropositivity to clinical symptoms
in study sheep (n = 168).

Clinical symptom Total Positive by
serology (%)

Previous abortion (s) in each 52 7 (13.46)

study animal

Percentage of abortions in the 168 39 (23.21)

study flock in the last year

Association between abortion 168 39(23.21)

and the time of gestation

Incidence of vaginal discharge 123 37 (30.08)*

Incidence of placental retention 49 12 (24.49)

The occurrence of nervous signs 2 0(0)

Mother’s death after abortion 6 0(0)

p-value (95% confidence interval) 0.0121 (5.074-27.63)

Significant increase * (p < 0.05)

reference strain MT071644.1. The observed mutation
rate ranged from 0.0016% to 0.0092%, supporting a
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Table 2: Distribution of seropositivity among groups according to clinical symptoms.

Clinical symptom Total numbers Positive (%) OR RR
Number of previous abortion (s)
in each study animal
0 29 5(17.24)* 2.19 2.20Q7%***
1 15 2 (13.33)* 2.464%*** 0.985
2 7 0(0) 0 0
>3 1 0(0) 0 0
p-value (95% Cl) - 0.0424 (6.628-21.91) 0.0001 (9.817-33.09) 0.0001 (8.693-24.65)
Percentage of abortions in a study
flock in the past year
<10 71 26 (36.62)* 3.729%*** 2.731%***
>10-30 84 12 (14.29) 0.352 0.446
>30 13 1(7.69) 0.255 0.314
p-value (95% Cl) - 0.0455 (18.13-57.20) 0.0001 (34.69-63.60) 0.0001 (22.12-45.39)
Association between abortion and
the time of gestation
1t half 47 9(19.15) 0.597 0.774
2" half 121 30 (24.79) 1.675%*** 1.292%**
p-value (95% Cl) - 0.0513 (-13.86-57.80 0.0001 (57.13-79.85) 0.001 (22.58-43.24)
Incidence of vaginal discharge
Watery 82 28 (34.15)* 1.845%*** 1.555%***
Mucopurulent 27 6(22.22) 0.6 0.687
Bloody 14 3(21.43) 0.603 0.686

p-value (95% Cl)

0.0367 (8.229-43.64)

0.0001 (7.675-27.99)

0.0001 (26.96-58.22)

Cl=Confidence interval, OR=0dds ratios, RR=Relative risk
Significant increase *(p < 0.05), ***(p < 0.001), ****(p < 0.0001)

Table 3: Homology sequence identity (%) between the local L. monocytogenes isolates and the global NCBI-BLAST

L. monocytogenes isolates/strains.

Local isolate NCBI isolate
Name Accession number Country Source Accession number %
Hass—Sheep isolate 1 PQ865989.1 Iran Sheep brain MT071644.1 97.02
Hass—Sheep isolate 2 PQ865990.1 Iran Sheep brain MT071644.1 96.43
Hass—Sheep isolate 3 PQ865991.1 Iran Sheep brain MT071644.1 96.99
Hass—Sheep isolate 4 PQ865992.1 Iran Sheep brain MT071644.1 97.62
Hass—Sheep isolate 5 PQ865993.1 Iran Sheep brain MT071644.1 97
Hass—Sheep isolate 6 PQ865994.1 Iran Sheep brain MT071644.1 95.53

NCBI-BLAST=National Center for Biotechnology Information-Basic Local Alignment Search Tool, L. monocytogenes=Listeria monocytogenes

1297 bp

Figure 5: Agarose-gel electrophoresis (3%) of positive
polymerase chain reaction products at 100 V and 80 mA for
90 min; in which, Lane (m): Ladder marker (100-3000 bp),
Lane (PC): Positive control, and Lanes (1-6): Positive
samples.

potential epidemiological linkage across the Irag—Iran
border (Table 3 and Figures 6-8).

DISCUSSION

Epidemiological context and global comparison
Abortion in sheep can occur sporadically or in

enzootic patterns, resulting in substantial economic

losses and public health concerns. L. monocytogenes, a
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well-established foodborne pathogen, poses an elevated
risk to pregnant individuals, up to 10-18 times higher
than the general population, due to its ability to cross
the placental barrier after ingestion of contaminated
food [28, 29]. Once in the maternal bloodstream,
L. monocytogenes can colonize the placenta, induce
placentitis, and cause fetal infection, stillbirth, or early-
onset neonatal listeriosis [30, 31].

In this study, a seroprevalence rate of 23.21% was
observed, with the majority of cases classified as mild,
underscoring the potential for subclinical infection.
These findings are notably higher than those reported
in prior studies from Iraq, such as Nineveh (11.6%) [32]
and Babylon (12%) [33]. International comparisons
reveal variability, with rates of 33.76% in India [34],
17.8% in Saudi Arabia [35], and 24.59% in Brazil [36]. In
Italy, Amagliani et al. [37] reported that immunoglobulin
G immunoassay-based positivity in asymptomatic sheep
flocks rarely exceeded 10%. In Australia, Listeria spp.
accounted for 25% of ovine abortions between 2000
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Figure 6: Phylogenetic tree analysis of local Listeria monocytogenes isolates and global National Center for Biotechnology
Information-Basic Local Alignment Search Tool, L. monocytogenes isolates/strains.

and 2018, second only to Campylobacter spp. [38].
In Egypt, 11% of aborted ewes tested positive for
Listeria, with the most prevalent species being Listeria
ivanovii (36.8%), followed by L. monocytogenes
(31.6%) [39].

Differences in seroprevalence across regions and
studies can be attributed to variability in diagnostic
methods, assay cutoff values, strain virulence, study
design, and flock management practices.

Clinical associations and risk indicators

The present study revealed significant associations
between seropositivity and clinical signs, particularly
vaginal discharge. Conversely, no association was
observed between neurological symptoms and
maternal mortality. Higher prevalence rates were noted
in ewes with no history of abortion, those from flocks

1904

with <10% annual abortion rates, and animals that
aborted during the first half of gestation. These findings
suggest that even clinically mild or unremarkable cases
may contribute to the silent spread of the pathogen.
This aligns with observations by Abd EI-Rahim et al.
[35], who reported no visible clinical symptoms in
infected sheep, indicating a possible subclinical or past
exposure.

Molecular prevalence in regional and global contexts
PCR analysis confirmed the presence of
L. monocytogenes in 3.57% of the samples, consistent
with data from Najaf province (4%) [23], but lower
than that reported in Nineveh province (20.3%) [24].
Globally, molecular prevalence varies widely: 8.3% in
Denmark [40], 25% in Austria [41], 6.25% in Brazil [42],
2.83%inIndia[43],25%inNigeria[44],2.5%inTurkey[45],




doi: 10.14202/vetworld.2025.1899-1910

Spacies/Abbrv ltttt‘ttt‘ttttt:tt‘ttt:tzttt‘t‘::‘t %% %
1. Listeria v Hass-Sheep isolate 1/Iraq (PQ865989.1)
2. Listeria monocytogenes Hass-Sheep isolate 2/Iraq (PQ865990.1)
3. Listeria monocytogenes Hass-Sheep isolate 3/Iraq (PQ865991.1)
4. Listeria monocytogenas Hass-Sheep isolate 4/Iraq (PQ865992.1)
5. Listeria monocytogenes Hass-Sheep isolate 5/Iraq (PQ865993.1)
6. Listeria monocytogenes Hass-Sheep isolate 6/Iraq (PQ865994.1)
7. Listeria monocytogenes strain lis1 14/Iran (MT071644.1)

8. Listecia monocytogenss stain LM13 China OMDSITS3D)
9. Listeria monocytogenes JCM 7683/Japan (LC504055.1)

10. Listeria monocytogenes strain FFL 1/Germany (MW316595.1)

1. Listeria monoeytogenss strain DSM 20600(T) Germaany (MW316046.1)
12. Listeria v strain FFH/Germany (MW315908.1)

14. Listeria monocytogenss strain EM11/China (OM281751])
15. Listeria monocy strain CICC 21633/China (KJ643946.1)
16. Listeria monocytogenes strain DPMP-TSN11/South Africa (MK685215.1)
17. Listeria monocytogenes strain BNN7/India (MG971396.1)

18. Listeria monocytogenes strain FC1862_4/China (KY776590.1)
19. Listeria monocytogenes strain GIKNSWL31/South Korsa (MT534278.1)
20. Listeria monocytogenes strain MSPK004/India (OR062942.1)

21. Listeria monocytogenes strain 6A/Germany (EM007564.1)

22. Listeria monocytogenes strain N9/China (F1774219.1)

23. Listeria monocytogenes FC11281/China (MH244234.1)

24. Listeria monocytogenes strain 11109/China (MF372565.1)

25. Listeria monocytogenes strain KKLNSWL116/South Korsa (MW242699.1)
26. Listeria monocytogenes strain 20 Mexico (KY952657.1)

27. Listeria monocytogenes strain $3/China (KX299047.1)

28. Listeria monocytogenes strain PM-46/India (OP431922.1)
29. Listeria monocy strain LM8/China (OM281748.1)

S0-Esstars mococylogeoatstcain DZ-NDEMBR-03:61Chuna (MZ673507-1)

31. Listeria monocytogenes strain N28/China (FJ774254.1) I s
WAWV | l‘l‘l"““‘8““3“““““ * % % 2z
1. Listeria monocytogenes Hass-Sheep isolate 1/Iraq (PQ865989.1)

2. Listeria monocytogenas Hass-Sheep isolate 2/Iraq (PQ865550.1)

3. Listeria monocytogenes Hass-Sheep isolate 3/Iraq (PQ865991.1)

4. Listeria monocytogenes Hass-Sheep isolate 4/Iraq (PQ865992.1)

5. Listeria monocytogenes Hass-Sheep isolate 5/Iraq (PQ865993.1)

6. Listeria monocytogenes Hass-Sheep isolate 6/Iraq (PQ865594.1)

7. Listeria monocytogenes strain lisl 14/Iran (MT071644.1)

8. Listeria monocytogenes strain LM13/China (OM281753.1)

9. Listeria monocytogenes JCM 7683/Japan (LC504055.1)

10. Listeria monocytogenes strain FFL 1/Germany (MW316595.1)

11. Listeria monocytogenes strain DSM 20600(T)/Germany (MW316046.1)
12. Listeria monocytogenes strain FFH/Germany (MW315508.1)

13. Listeria monocytogenes ATCC 19114/China (JF967620.1)

14, Listeria monocytogenes strain LM11/China (OM281751.1)

15. Listeria monocytogenas strain CICC 21633/China (KJ643946.1)

16. Listeria monocytogenes strain DPMP-TSN11/South Africa (MK685215.1)
17. Listeria monocytogenes strain BNN7/India (MGS71396.1)

18. Listeria monocytogenes strain FC1862_4/China (KY776590.1)

19. Listeria monocytogenes strain GIKNSWL31/South Korea (MT534278.1)
20. Listeria monocytogenes strain MSPK004/India (OR062942.1)

21. Listeria vtogenes strain 6A/G y (HM007564.1)

22. Listeria monocytogenes strain N9/China (FJ774219.1)

23. Listeria monocytogenes FC11281/China (MH244234.1)

24. Listeria monocytogenes strain 11109/China (MF372565.1)

25. Listeria monocytogenes strain KKLNSWL116/South Koraa (MW2426595.1)
26. Listeria monocytogenes strain 20/Mexico (KY952657.1)

27. Listeria monocytogenes strain $3/China (KX299047.1)

28. Listeria monocytogenes strain PM-46Tndia (OP431922.1)
29. Listeria monocytogenes strain LM8/China (OM281748.1)

30. Listeria monocytogenes strain DZ-NDKM-BR-034-2/China (MZ675509.1)
31. Listeria monocytogenes strain N28/China (F1774254.1)

Figure 7: Multiple sequence alignments of the local Listeria monocytogenes isolates and the global National Center for

Biotechnology Information-Basic Local Alignment Search Tool, L. monocytogenes isolates/strains.

and between 4% and 25.4% in Egypt [46, 47], with strategies, animal characteristics (such as age and
the lowest rates reported in China (1.8%) [48]. Such health status), and diagnostic methodologies, including
variability likely results from differences in sampling the type and sensitivity of PCR assays used.
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Sequence ID Start Alignment End Organism

! 50 10 150 200 250 300 3% 400 450 500 550 60 650 70 70 800 8% 1 950 1K 1050 1go0 1174
PQ865989.1 (+) 1 Listeria monocytogenes
PQ865992.1 +) 2 | | | | | Listeria monocytogenes
PQ865993.1 ) 2 | I 1N] Listeria monocytogenes
MT071644.1 (+) 2 | | | (i Listeria monocytogenes
PQ865990.1 (#) s | | | | | Listeria monocytogenes
PQ865994.1 ) 5 | | | (| || | | ] Listeria monocytogenes
PQ865991.1 ) 2 1 | | ] Listeria monocytogenes
CP159867.1 ! Listeria monocytogenes
CP159867.1 Listeria monocytogenes
CP159867.1 | Listeria monocytogenes
CP159867.1 | . Listeria monocytogenes
CP159867.1 | .. Listeria monocytogenes
CP159867.1 | .. Listeria monocytogenes
OM281753.1 Listeria monocytogenes
CP177353.1 Listeria monocytogenes
CP177353.1 Listeria monocytogenes
CP177353.1 .. Listeria monocytogenes
CP177353.1 .. Listeria monocytogenes
CP177353.1 ... Listeria monocytogenes
CP177353.1 .. Listeria monocytogenes
CP176710.1 Listeria monocytogenes
CP176710.1 .. Listeria monocytogenes
CP176710.1 ... Listeria monocytogenes
CP176710.1 .. Listeria monocytogenes
CP176710.1 | Listeria monocytogenes
CP176710.1 Listeria monocytogenes
CP176699.1 Listeria monocytogenes
CP176699.1 Listeria monocytogenes
CP176699.1 .. Listeria monocytogenes
CP176699.1 .. Listeri
CP176699.1 ... Listeria monocytogenes
CP176699.1 .. Listeria monocytogenes
CP176673.1 Listeria monocytogenes
CP176673.1 ... Listeria monocytogenes
CP176673.1 .. Listeria monocytogenes
CP176673.1 Listeria monocytogenes
CP176673.1 .. Listeria monocytogenes
CP176673.1 Listeria monocytogenes
CP176653.1 Listeria monocytogenes
CP176653.1 Listeria monocytogenes
CP176653.1 Listeria monocytogenes
CP176653.1 Listeria monocytogenes
CP176653.1 Listeria monocytogenes
CP176653.1 Listeria monocytogenes
CP176652.1 Listeria monocytogenes
CP176652.1 Listeria monocytogenes
CP176652.1 .. Listeria monocytogenes
CP176652.1 .. Listeria monocytogenes
CP176652.1 .. Listeria monocytogenes
CP176652.1 . Listeria monocytogenes
CP176651.1 Listeria monocytogenes
CP176651.1 Listeria monocytogenes
CP176651.1 i Listeria monocytogenes
CP176651.1 s
CP176651.1 -
CP176651.1 2 Listeria monocytogenes
CP117865.1 (- Listeria monocytogenes
CP117865.1 (+ Listeria monocytogenes
CP117865.1 (+ Listeria monocytogenes
CP117865.1 (- | ... Listeria monocytogenes
CP117865.1 s | ... Listeria monocytogenes
CP117865.1 ( | .. Listeria monocytogenes
CP139940.1 (- Listeria monocytogenes
CP139940.1 (- Listeria monocytogenes
CP139940.1 (- .. Listeria monocytogenes
CP139940.1 (- Listeria monocytogenes
CP139940.1 (+ Listeria monocytogenes
CP139940.1 (+ .. Listeria monocytogenes
CP139939.1 (- Listeria monocytogenes
CP139939.1 [& Listeria monocytogenes
CP139939.1 (- Listeria monocytogenes
CP139939.1 8 .. Listeria monocytogenes
CP139939.1 .. Listeria monocytogenes
CP139939.1 2,... Listeria monocytogenes
CP168913.1 Listeria monocytogenes
CP168913.1 Listeria monocytogenes
CP168913.1 .. Listeria monocytogenes
CP168913.1 ... Listeria monocytogenes
CP168913.1 | .. Listeria monocytogenes
CP168913.1 | .. Listeria monocytogenes
CP168917.1 Listeria monocytogenes
CP168917.1 Listeria monocytogenes
CP168917.1
CP168917.1
CP168917.1 | zs
CP168917.1 | .. Listeria monocytogenes
CP168921.1 Listeria monocytogenes
CP168921.1 Listeria monocytogenes
CP168921.1 ... Listeria monocytogenes
CP168921.1 .. Listeria monocytogenes
CP168921.1 | .. Listeria monocytogenes
CP168921.1 | .. Listeria monocytogenes
CP168919.1 Listeria monocytogenes
CP168919.1 Listeria monocytogenes
CP168919.1 Listeria monocytogenes
CP168919.1 Listeria monocytogenes
CP168919.1 | Listeria monocytogenes
CP168919.1 | .. Listeria monocytogenes
CP168923.1 Listeria monocytogenes
CP168923.1 Listeria monocytogenes
CP168923.1 .. Listeria monocytogenes
CP168923.1 .. Listeria

Figure 8: National Center for Biotechnology Information (NCBI)-Multiple sequence alignment viewer of the local Listeria
monocytogenes isolates and the global NCBI-Basic Local Alignment Search Tool L. monocytogenes isolates/strains.

Phylogenetic and regional transmission
dynamics

Phylogenetic analysis of the 16S rRNA gene
confirmed a close relationship between local isolates
and an lIranian reference strain, suggesting possible
cross-border transmission or shared sources. The 16S
rRNA gene is a cornerstone in microbial identification
due to its conserved and hypervariable regions, which
provide high-resolution taxonomic information [49-51].
Its broad conservation across microbial taxa makes
it an ideal target for classification and evolutionary

studies [52, 53].

insights
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Notably, the hypervariable regions of the 165 rRNA
gene exhibit substitution rates up to 7000 times higher
than those of conserved regions, enabling fine-scale
phylogenetic differentiation [54-56]. This gene serves
as a reliable molecular chronometer and has been
instrumental in resolving taxonomic ambiguities at the
strain level [57-59]. Its cost-effectiveness, speed, and
accessibility have facilitated widespread adoption in
both microbial ecology and biomedical research [60, 61].

Byenablingdetailedcharacterizationoflocalstrains,
16S rRNA sequencing contributes to understanding
pathogen evolution, host-pathogen interactions, and
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transmission dynamics. These insights are critical
for monitoring regional epidemiology and informing
biosecurity strategies in livestock systems [62, 63].

CONCLUSION

This study presents the first comprehensive
molecular phylogenetic and serological assessment
of L. monocytogenes in aborted ewes in Iraq, with
a focus on Wasit province. The seroprevalence was
found to be 23.21%, with most cases presenting
as mild subclinical infections. Molecular detection
through PCR revealed a prevalence of 3.57%,
and phylogenetic analysis demonstrated a close
similarity (96.43%-97.62%) between local isolates
and an lIranian reference strain. Significant clinical
correlations were identified, particularly with vaginal
discharge, retained placenta, and early gestational

abortion, emphasizing the need for targeted
diagnostic strategies.
The findings of this study have practical

implications for livestock management and disease
control. Early detection using combined serological and
molecular diagnostics can help identify both clinical
and subclinical infections, reducing reproductive losses
and improving herd health. The generation of local
molecular data and its submission to global databases
will facilitate regional surveillance, risk assessment, and
the formulation of control policies, particularly in cross-
border livestock trade zones.

One of the key strengths of this study lies in its
integrative approach, combining serological data,
clinical profiling, and molecular phylogenetics for the
first time in Iragi small ruminants. The identification
of relevant clinical indicators can support veterinary
practitioners in early presumptive diagnosis. Moreover,
the genetic sequences obtained enrich global genomic
repositories and support comparative epidemiology.

However, the study had certain limitations. It was
geographically confined to a single province, limiting
broader generalizability. The low PCR positivity may have
been influenced by sample type or bacterial shedding
patterns. Furthermore, phylogenetic resolution was
based solely on 16S rRNA sequencing, which, while
useful, lacks the discriminatory power of whole-genome
approaches.

Future research should focus on expanding
surveillance to multiple provinces and incorporating
advanced molecular techniques such as multilocus
sequence typing or whole-genome sequencing. Studies
on environmental reservoirs, feed contamination, and
antibiotic resistance profiling are also necessary to
gain a holistic understanding of listeriosis transmission
dynamics in Irag.

In conclusion, this investigation reveals a substan-
tial yet underrecognized burden of ovine listeriosis
in Irag, underscoring its regional epidemiological
significance. The integration of serological and
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molecular tools enhances diagnostic capacity and
provides valuable insight into pathogen transmission.
The phylogenetic linkage with Iranian strains highlights
the importance of regional collaboration, enhanced
biosecurity, and evidence-based policy-making in
controlling and preventing future outbreaks.

DATA AVAILABILITY

All the generated data are included in the
manuscript.

AUTHORS’ CONTRIBUTIONS

LFMA: Collection of blood samples. AJA:
Serological examination and statistical analysis. HAJG:
Molecular examination and phylogenetic analysis of
L. monocytogenes isolates. IME: Designed the study and
extraction of DNA. SRSA: Clinical examination of study
animals. All authors have read and approved the final
manuscript.

ACKNOWLEDGMENTS

The authors thank all veterinarians who
contributed directly or indirectly to the collection of
study samples and to providing the required clinical
data. The authors did not receive any funds for this
study.

COMPETING INTERESTS

The authors declare that they have no competing
interests.

PUBLISHER’S NOTE

Veterinary World remains neutral with regard
to jurisdictional claims in the published institutional
affiliations.

REFERENCES

1. Constable, P.D., Hinchcliff, KW., Done, S.H. and
Gruenberg, W. (2017) A Textbook of the Diseases
of Cattle, Horses, Sheep, Pigs, and Goats. Elsevier,
Netherlands, p1331-1337.

2. Kulesh, R., Shinde, S.V., Khan, W.A., Chaudhari, S.P,,
Patil, A.R., Kurkure, N.V., Paliwal, N., Likhite, AV.,
Zade, N.N. and Barbuddhe, S.B. (2022) The occurrence
of Listeria monocytogenes in goats, farm environment
and invertebrates. Biol. Rhythm. Res., 53(6): 831-840.

3. Kraus, V. Jr, Cizmarova, B. and Birkova, A. (2024)

Listeria in  Pregnancy-the forgotten culprit.

Microorganisms, 12(10): 2102.

Roberts, B.N., Chakravarty, D., Gardner, J.C., Ricke, S.C.

and Donaldson, J.R. (2020) Listeria monocytogenes

response to anaerobic environments. Pathogens,

9(3): 210.

5. Barbuddhe, S., Hain, T., Doijad, S.P.and Chakraborty, T.

(2021) The genus Listeria. In: Practical Handbook of

Microbiology. CRC Press, United States, p411-442.

Ryser, E.T. (2021) Listeria. In: Foodborne Infections

and Intoxications. Academic Press, United States,

p201-220.



10.

11.

12.

13.

14.

15.

16.

17.

18.

doi: 10.14202/vetworld.2025.1899-1910

Ravindhiran,R.,Sivarajan, K.,Sekar,J.N.,Murugesan, R.
and Dhandapani, K. (2023) Listeria monocytogenes
an emerging pathogen: A comprehensive overview
on listeriosis, virulence determinants, detection,
and anti-listerial interventions. Microb. Ecol., 86(4):
2231-2251.

Teixeira, S.C., Teixeira, T.L., Tavares, P.C., Alves, R.N.,
da Silva, A.A., Borges, B.C., Martins, FA,,
Dos Santos, M.A., De Castilhos, P., Notario, A.F.
and Silveira, A.C. (2023) Subversion strategies
of lysosomal killing by intracellular pathogens.
Microbiol. Res., 277: 127503.

Wiktorczyk-Kapischke, N., Skowron, K. and Watecka-
Zacharska, E. (2023) Genomic and pathogenicity
islands of Listeria monocytogenes-overview of
selected aspects. Front. Mol. Biosci., 10: 1161486.
Didkowska, A., Zmuda, P., Liberska, M. and Anusz, K.
(2022) Current state of knowledge regarding
bacterially-induced abortion in sheep. Ann. Agric.
Environ. Med., 29(3): 321-325.

Clune, T., Lockwood, A., Hancock, S., Thompson, A.N.,
Beetson, S., Campbell, A.J., Glanville, E., Brookes, D.,
Trengove, C., O’Handley, R. and Kearney, G. (2021)
Abortion and lamb mortality between pregnancy
scanning and lamb marking for maiden ewes in
Southern Australia. Animals (Basel), 12(1): 10.
Valenti, M., Ranganathan, N., Moore, LS. and
Hughes, S. (2021) Listeria monocytogenes infections:
Presentation, diagnosis and treatment. Br. J. Hosp.
Med. (Lond), 82(10): 1-6.

Mpundu, P, Muma, J.B.,, Mukumbuta, N.,
Mukubesa,A.N.,Muleya, W.,Kapila,P.,Hang’ombe, B.M.
and Munyeme, M. (2022) Isolation, discrimination,
and molecular detection of Listeria species from
slaughtered cattle in Namwala District, Zambia. BMC
Microbiol., 22(1): 160.

Panwar, S., Duggirala, K.S., Yadav, P., Debnath, N.,
Yadav, A.K. and Kumar, A. (2023) Advanced diagnostic
methods for identification of bacterial foodborne
pathogens: Contemporary and upcoming challenges.
Crit. Rev. Biotechnol., 43(7): 982—-1000.
Legan,J.D.,Post, L., Barnes, C., Brookhouser-Sisney, A.,
Chaney, W.E.,, Chatterjee, P, Corrigan, N.,
Demarco, D.R., Hammack, T., Hunt, K.A. and Maus, R.D.
(2024) Discrepancies in the microbiological analysis
of foods: Causes and resolutions. Food Prot. Trends.,
44(4), 300-308.

Sengupta, P., Wang, CW. and Ma, Z.F. (2021) Enzyme-
linked immunosorbent assay (ELISA) technique
for food analysis. In: Techniques to Measure Food
Safety and Quality Microbial, Chemical, and Sensory:
Microbial, Chemical, and Sensory. Springer Nature,
Germany, p91-115.

Younes, N., Yassine, H.M., Kourentzi, K., Tang, P,
Litvinov, D., Willson, R.C., Abu-Raddad, L.J. and
Nasrallah, G.K. (2024) A review of rapid food safety
testing: Using lateral flow assay platform to detect
foodborne pathogens. Crit. Rev. Food Sci. Nutr.,
64(27): 9910-9932.

Matle, I, Mbatha, K.R. and Madoroba, E. (2020)

1908

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

A review of Listeria monocytogenes from meat
and meat products: Epidemiology, virulence
factors, antimicrobial resistance and diagnosis.
Onderstepoort J. Vet. Res., 87(1): e1-20.

Osek, J., Lachtara, B. and Wieczorek, K. (2022) Listeria
monocytogenes in foods-From culture identification
to whole-genome characteristics. Food Sci. Nutr.,
10(9): 2825-2854.

Balakrishna, K., Lakshminarayan, V., Ganeshkumar, N.
and Kingston, J. (2024) Listeria monocytogenes in
the food chain-recent advancement in technologies
for rapid detection and identification. J. Microbiol.
Biotechnol. Food Sci., 14(4): e11628.

Yousif, Y.A., Joshi, B.P. and Ali, H.A. (1984) Ovine
and caprine listeric encephalitis in Iraq. Trop. Anim.
Health Prod., 16: 27-28.

Al-Ali, H.G., Alrodhan, M.A. and Almohana, A.M.
(2012) Isolation of Listeria monocytogenes from
gallbladder of sheep and cattle in slaughterhouse of
Najaf. Kufa J. Vet. Med. Sci., 3(1): 1-8.

Al-Ali, H.J., Abd Al-Rodhan, M., Al-Hilali, S.A.,
Al-Charrakh, A.H., Al-Mohana, A.M. and Hadi, Z.J.
(2018) Molecular detection of serotype groups of
Listeria monocytogenes isolated from gallbladder of
cattle and sheep in Iraq. Vet. World., 11(4): 431-436.
Mohammad, H., Al-Farwachi, M.l. and Rasheed, B.
(2024) Molecular detection of ovine listeric abortion
in Nineveh governorate, Iraq. Vet. Sci. Pract., 19(1):
46-51.

Razooqi, M.A., Gharban, H.A.J. and Al-Kaabi, M.A.F.
(2022)  Molecular and  seroprevalence  of
toxoplasmosis in goats’ blood and milk in Iraq. Arch.
Razi Instit., 77(5): 1749-1755.

Gharban, H.A., Al-Shaeli, S.J. and Hussen, T.J.
(2023) Molecular genotyping, histopathological
and immunohistochemical studies of bovine
papillomatosis. Open Vet. J., 13(1): 26-41.

Gharban, H.A. and Yousif, A.A. (2020) Serological and
molecular phylogenetic detection of Coxiella burnetii
in lactating cows, Iraq. Iraqi J. Vet. Med., 44: 42-50.
Koopmans, M.M., Brouwer, M.C., Vazquez-Boland, J.A.
and Van de Beek, D. (2023) Human listeriosis. Clin.
Microbiol. Rev., 36(1): e0006019.

Wang, T., Niu, Y., Jiang, J., Zhang, X., Wang, C., Wu, Y.,
Guo, Y., Li, W., Zhang, P,, Liu, Y. and Wang, L. (2025)
Morbidity, Mortality, and epidemiological features
of clinical invasive listeriosis isolates from sentinel
surveillance in Beijing, China, 2013-2022. Foodborne
Pathog. Dis., 22 (1): 1-20.

Hof, H. (2003) History and epidemiology of listeriosis.
FEMS Immunol. Med. Microbiol., 35(3): 199-202.
Maldonado, Y., Nizet, V., Barnett, E.D., Edwards, K.M.
and Malley, R. (2024) Remington and Klein’s Infectious
Diseases of the Fetus and Newborn Infant, E-Book.
Elsevier Health Sciences, China, p228-237.
Mohammad, H.A., Al-Farwachi, M.l. and Rasheed, B.Y.
(2023) Seroprevalence of anti-listeriolysin O amongst
aborted ewes in Nineveh province, Iraq. Iraqg J. Vet.
Sci., 37 (Suppl 4): 227-231.

Marza, A.D., Rabeea, A.H. and Alzahid, A.A. (2025)



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

doi: 10.14202/vetworld.2025.1899-1910

Serological assessment of the occurrence of
Salmonella abortusovis, Brucella spp., and Listeria
monocytogenes among ewes in Babylon province,
Iraq. Assiut. Vet. Med. J., 71(184): 592-597.
Barbuddhe, S.B., Malik, S.\., Bhilegaonkar, K.N.,
Kumar, P. and Gupta, L.K. (2000) Isolation of Listeria
monocytogenes and anti-listeriolysin O detection in
sheep and goats. Small Rumin. Res., 38(2): 151-155.
Abd EIl-Rahim, I.H., Asghar, A.H., Fat’hi, S.M. and
Ahmed, O.B. (2015) Serodiagnosis of Listeria
monocytogenes infection in sheep. Int. J. Bioassays.,
4(5): 3847-3850.

Alves, J.R., De Farias, A.E., Dos Anjos, D.M.,
Lima, A.M., Faccioli-Martins, PY., De Souza, C.J.,
Pinheiro, R.R., Alves, F.S., De Azevedo, S.S. and
Alves, C.J. (2020) Seroepidemiological study of
Caseous lymphadenitis in sheep from the Northeast
region of Brazil using an indirect ELISA. Trop. Anim.
Health Prod., 52(4): 1945-1952.
Amagliani,G.,Giammarini,C.,Omiccioli,E.,Merati,E.G.,
Pezzotti, G., Filippini, G., Brandi, G. and Magnani, M.
(2006) A combination of diagnostic tools for rapid
screening of ovine listeriosis. Res. Vet. Sci., 81(2):
185-189.

Clune, T., Beetson, S., Besier, S., Knowles, G., Paskin, R.,
Rawlin, G., Suter, R. and Jacobson, C. (2021) Ovine
abortion and stillbirth investigations in Australia.
Aust. Vet. J., 99(3): 72-78.

Farag, H.E., Abdallah, M. and Nossair, M.A. (2021)
Epidemiological studies on some infectious diseases
causing abortion in sheep. Alex. J. Vet. Sci., 68(1):
54-61.

Agerholm, J.S., Aalbak, B., Fog-Larsen, A.M., Boye, M.,
Holm, E., Jensen, T.K,, Lindhardt, T., Larsen, L.E. and
Buxton, D. (2006) Veterinary and medical aspects of
abortion in Danish sheep. APMIS, 114(2): 146-152.
Wagner, M., Melzner, D., Bago, Z., Winter, P,
Egerbacher, M., Schilcher, F., Zangana and A,
Schoder, D. (2005) Outbreak of clinical listeriosis
in sheep: Evaluation from possible contamination
routes from feed to raw produce and humans. J. Vet.
Med. B Infect. Dis. Vet. Public Health, 52(6): 278-283.
Monteiro, L.R., Mesquita, A.J., André, M.C. and
Cardoso, J.L. (2013) Molecular characterization
of Listeria  monocytogenes isolated from animal
products in a city of Northern Brazil. Cién. Rural.,
43(8): 1443-1448.

Shoukat, S., Malik, S.V., Rawool, D.B., Kumar, A.,
Kumar, S., Shrivastava S., Barbuddhe, S.B., Das, D.P.
and Das, S. (2014) A study on detection of pathogenic
Listeria monocytogenes in ovine’s of Kashmir region
having abortion or history of abortion. Biol. Sci.,
84(2): 311-316.

Usman, U.B., Kwaga, J.K., Kabir, J., Olonitola, O.S.,
Radu, S. and Bande, F. (2016) Molecular
characterization and phylogenetic analysis of Listeria
monocytogenes isolated from milk and milk products
in Kaduna, Nigeria. Can. J. Infect. Dis. Med. Microbiol.,
1:4313827.

Ayaz, N.D., Onaran, B., Cufaoglu, G., Goncuoglu, M.,

1909

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

Ormanci, F.S. and Erol, I. (2018) Prevalence and
characterization of Listeria monocytogenes isolated
from beef and sheep carcasses in Turkey with
characterization of locally isolated listeriophages as a
control measure. J. Food Protec., 81(12): 2045-2053.
El-Gedawy, A.A., Mohsen, R.A., Abd El Ghafar, A.E.
and Mahmoud, H.A. (2019) Role of Listeria
monocytogenes in abortion of ewes. Anim. Health
Res. J., 7(4): 979-987.

Sotohy, S.A., Elnaker, Y.F., Omar, A.M., Alm Eldin, N.K.
and Diab, M.S. (2024) Prevalence, antibiogram and
molecular characterization of Listeria monocytogenes
fromruminantsandhumansin New Valleyand Beheira
Governorates, Egypt. BMC Vet. Res., 20(1): 297.
Zhao, Q., Hu, P, Li, Q., Zhang, S., Li, H., Chang, J.,
Jiang, Q., Zheng, Y., Li, Y., Liu, Z. and Ren, H. (2021)
Prevalence and transmission characteristics of Listeria
species from ruminants in farm and slaughtering
environments in China. Emerg. Microbes Infect.,
10(1): 356-364.

Church, D.L., Cerutti, L., Glrtler, A., Griener, T,
Zelazny, A. and Emler, S. (2020) Performance and
application of 16S rRNA gene cycle sequencing
for routine identification of bacteria in the clinical
microbiology laboratory. Clin. Microbiol. Rev., 33(4):
10-128.

Regueira-Iglesias, A., Balsa-Castro, C., Blanco-Pintos, T.
and Tomas, |. (2023) Critical review of 16S rRNA gene
sequencing workflow in microbiome studies: From
primer selection to advanced data analysis. Mol. Oral
Microbiol., 38(5): 347-399.

Pinto, Y. and Bhatt, A.S. (2024) Sequencing-based
analysis of microbiomes. Nat. Rev. Genet., 25(12):
829-845.

Abellan-Schneyder, |., Matchado, M.S., Reitmeier, S.,
Sommer, A., Sewald, Z., Baumbach, J., List, M. and
Neuhaus, K. (2021) Primer, pipelines, parameters: Issues
in 16S rRNA gene sequencing. Msphere., 6(1): 1-22.
Cabezas, M.P.,, Fonseca, N.A. and Mufioz-Mérida, A.
(2024) MIMt: A curated 16S rRNA reference database
with less redundancy and higher accuracy at species-
level identification. Environ. Microbiome, 19(1): 88.
Peterson,D.,Bonham,K.S.,Rowland,S.,Pattanayak,C.W.,
Resonance Consortium. and Klepac-Ceraj, V.
(2021) Comparative analysis of 16S rRNA gene
and metagenome sequencing in pediatric gut
microbiomes. Front. Microbiol., 12: 670336.
Leontidou, K., Abad-Recio, I.L., Rubel, V., Filker, S.,
Ddumer, M., Thielen, A., Lanzén, A. and Stoeck, T.
(2023) Simultaneous analysis of seven 16S rRNA
hypervariable gene regions increases efficiency
in marine bacterial diversity detection. Environ.
Microbiol., 25(12): 3484—-34501.

Yaman, B.N. and Cabuk, A. (2024) Exploring the
microbial diversity in extreme acidic environment
using molecular techniques. In: Microbial Diversity
in the Genomic Era. Academic Press, United States,
p301-312.

Das, D., Rath, C.C., Mohanty, N. and Panda, S.H.
(2021) Probiotic characterization of Bacillus subtilis



58.

59.

60.

doi: 10.14202/vetworld.2025.1899-1910

strain isolated from infant fecal matter revealed by
16S rRNA gene and phylogenetic analysis. Asian J.

sequencing for infectious diseases (Review). Mol.
Med. Rep., 30(3): 153.

Pharm. Clin. Res., 14(12): 77-85. 61. Khodaparast,M.,Sharley,D.,Marshall,S.andBeddoe,T.
Lépez-Aladid, R., Fernandez-Barat, L., Alcaraz- (2024) Advances in point-of-care and molecular
Serrano, V., Bueno-Freire, L., Vazquez, N., Pastor- techniques to detect waterborne pathogens. NPJ
Ibaiez, R., Palomeque, A., Oscanoa P. and Torres A. Clean Water, 7(1): 74.
(2023) Determining the most accurate 16S rRNA 62. Levin, D., Raab, N., Pinto, Y., Rothschild, D., Zanir, G.,
hypervariable region for taxonomic identification Godneva,A.,Mellul,N.,Futorian,D.,Gal,D., Leviatan,S.
from respiratory samples. Sci. Rep., 13(1): 3974. and Zeevi, D. (2021) Diversity and functional
Sun, Y, Liuy, Y., Li, J., Tan, Y., An, T., Zhuo, M., Pan, Z., landscapes in the microbiota of animals in the wild.
Ma, M., lJia, B., Zhang, H. and Wang, Z. (2023) Science, 372(3): eabb5352.
Characterization of lung and oral microbiomes in 63. Wani, A.K., Chopra, C., Singh, R., Ahmad, S. and
lung cancer patients using culturomics and 16S rRNA Américo-Pinheiro, J.H. (2023) Mining microbial
gene sequencing. Microbiol. Spect., 11(3): e0031423. tapestry using high-throughput sequencing and
Chen, Q. Vi, J., Liu, Y., Yang, C., Sun, Y., Du, J,, Liu, Y., in silico analysis of Trehalose synthase (TreS) derived
Gu, D., Liu, H., Xu, Y. and Chen, Y. (2024) Clinical from hot spring metagenome. Biocatal. Agric.
diagnostic value of targeted next-generation Biotechnol., 52: 102829.

%k sk kosk ok sk k sk

1910



