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The present study aimed to isolate and identify zoonotic methicillin-resistant Staphylococcus lentus 

from broiler chicken farms in Nineveh Province, Iraq, and to determine its antimicrobial resistance 

profile, contributing to the understanding of its potential role in the dissemination of antimicrobial 

resistance within a One Health framework. Sixty samples were randomly collected from the skin and 

feathers of 60 broiler chickens aged 2–4 weeks reared on eight farms in Nineveh Governorate, Iraq. 

All samples were subjected to standard bacteriological culture and identification methods. Additional-

ly, an antibiotic sensitivity test was performed to detect resistant strains. Further confirmation was 

done using polymerase chain reaction (PCR) and DNA sequencing to identify the isolates at the mo-

lecular level. The results showed that S. lentus was detected in 20% (12/60) of randomly collected 

skin and feather samples by standard culture. All 12 S. lentus isolates were confirmed by PCR. There 

were significant differences in resistance to certain antibiotics, with the majority of isolates showing 

resistance to both methicillin and ampicillin, at 66.7% (8/12) and 50% (6/12), respectively. However, 

significant resistance to amikacin and tetracycline was recorded (33.3%; 4/12) for both antibiotics. 

The methicillin-resistance gene (mecA) was detected in 66.7% (8/12) of S. lentus isolates. These eight 

sequenced S. lentus samples were deposited in GenBank at the NCBI. It was concluded that frequent 

isolation of methicillin-resistant S. lentus in broiler chicken farms could be a potential source of zo-

onotic transmission to humans. 
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INTRODUCTION 

Poultry production plays a crucial role in 

the global food chain (Tsegaye et al., 

2023). This industry also contributes to a 

vital part of local agricultural production 

and has recently attracted significant at-

tention. However, this industry faces nu-

merous challenges related to infections 

that can affect health and financial issues 

in different countries, including Iraq 

(Rasheed et al., 2023; Amalraj et al., 
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2024; Miro & Jwher, 2025). Therefore, 

ensuring poultry biosecurity is crucial for 

its success and prosperity, both in terms of 

health and economics (Amalraj et al., 

2024; Nassar & Abbas, 2025). Unfortu-

nately, in these farms, the farmers often 

lack the necessary skills and knowledge of 

biosecurity strategies to protect flocks, 

making them vulnerable to different infec-

tions (Tsegaye et al., 2023). Furthermore, 

the lack of knowledge and training related 

to biosecurity programmes may affect the 

transmission of diseases between poultry 

and humans (Silva et al., 2022; Rahman et 

al., 2026). While viral diseases such as 

Newcastle disease (ND), infectious bron-

chitis (IB), and infectious bursal disease 

(IBD) affect largely the poultry industry, 

bacterial infections caused by Escherichia 

coli, Salmonella spp., Pasteurella multo-

cida, Staphylococcus spp., and Clostridi-

um perfringens have a great impact on 

both poultry production and human health 

due to their potential zoonotic impact 

(Grace et al., 2024).  

Staphylococcus infection in poultry 

farms keeps challenging this industry for 

both economic losses and public health 

consequences (Magri et al., 2021; 

Tsegaye et al., 2023; Combar et al., 

2026). Staphylococcus lentus is a Gram-

positive, coagulase-negative, oxidase-

positive bacterium (Al-Azawi et al., 

2018). Among Staphylococcus spp. mem-

bers, S. aureus, S. lentus, S. xylosus, and 

S. hominis have gained great attention as 

commensals in poultry farms and due to 

their importance in the transmission of 

antimicrobial resistance to humans (Silva 

et al., 2022; Rahman et al., 2026). Re-

cently, S. lentus was reclassified in a sepa-

rate genus from Staphylococcus, and 

named Mammaliicoccus lentus (Szczuka 

et al., 2023). This genus includes M. 

lentus, M. stepanovicii, M. vitulinus, M. 

sciuri, and M. fleurettii species (Adesoji 

et al., 2024). These bacteria are commen-

sal and are found on the skin of many 

farm animals, including poultry (Matos et 

al., 2024), cattle and small ruminants 

(Vanderhaeghen et al., 2013; Wesołowska 

& Szczuka, 2023). Several studies have 

identified S. lentus as a causative agent of 

arthritis, osteomyelitis, and synovitis in 

chickens (Koller et al., 2011; Matos et al., 

2024). In addition, S. lentus causes a vari-

ety of diseases in humans, including uri-

nary tract infections, wound infections, 

and endocarditis, and has recently been 

implicated in the development of acute 

and chronic sinusitis (Al-Azawi et al., 

2018; Hay & David, 2020; Crespo-Ortega 

et al., 2022). The free-living properties of 

S. lentus allow this bacterium to survive 

and circulate through different sources, 

including air, water, and soil which can be 

a source of transmission, especially in the 

absence of hygienic procedures (Schulz et 

al., 2011). On the other hand, the rapid 

spread of antibiotic resistance by horizon-

tal transfer or through transformation, 

conjugation, or transduction potentially 

leads to an increase in the ability of the 

pathogenic bacteria to survive (Wu et al., 

2021; Michaelis & Grohmann, 2023; Ali 

et al., 2025). Nevertheless, many recent 

studies have documented the evolution of 

methicillin-resistant coagulase-negative 

staphylococci such as S. sciuri, S. chro-

mogenes, and S. xylosus into opportunistic 

pathogens which are increasing in both 

animal (cattle, sheep and goats) and hu-

man populations (Wu et al., 2021; Silva et 

al., 2022; Rahman et al., 2026). The methi-

cillin resistance gene (mecA gene) plays an 

important role by allowing the bacteria to 

exhibit high minimum inhibitory concen-

trations (MICs) to antibiotics, which 

means that even at high doses of antibiot-

ics are ineffective (Syed et al., 2020).  
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Small-scale poultry farms in Nineveh, 

Iraq, face significant biosecurity challeng-

es, including low-cost infrastructure and 

limited knowledge of biosecurity proto-

cols among farmers, in addition to inade-

quate waste management, lack of visitor 

restrictions, and poor disinfection. All 

these factors make poultry farms a major 

source of transmission of resistant bacte-

ria, including the opportunistic staphylo-

cocci (Tsegaye et al., 2023; Abo-Sriea et 

al., 2024; Miro & Jwher, 2025). In Iraq, 

specifically in Nineveh province, most 

studies on Staphylococcus spp. focused on 

methicillin-resistant Staphylococcus 

aureus (MRSA), including dairy cows 

(Sheet, 2022), broiler carcasses (Sheet et 

al., 2021), and pet cats (Najim & Ahmed, 

2025). Based on a thorough review of the 

existing literature, coagulase-negative 

staphylococci, particularly S. lentus, have 

not been adequately investigated in broiler 

chickens. Furthermore, the antibiotic re-

sistance profile of S. lentus in broilers 

remains insufficiently characterised. A 

comprehensive understanding of these 

aspects is urgently needed to guide future 

research and to address their implications 

for both veterinary and public health. Ac-

cordingly, the present study aimed to iso-

late and molecularly characterise methicil-

lin-resistant S. lentus from broiler chick-

ens in Nineveh Province, Iraq, to deter-

mine its antimicrobial resistance profile. 

MATERIALS AND METHODS 

Ethical approval 

All study procedures, including sample 

collection from broiler chicken farms, 

were approved by the Ethics Committee 

of the Animal Welfare and Use Commit-

tee at the College of Veterinary Medicine, 

University of Mosul, Iraq, under the num-

ber UM.VET.2024.119. 

Sample collection 

A total of 60 broiler chickens aged 2–4 

weeks were randomly selected for this 

study. The chickens (7–8 chickens per 

farm) represented eight medium scale 

production broiler farms in Nineveh Gov-

ernorate, with limited biosecurity 

measures. Considering minimum cross 

contamination, for each bird, 2 sterile 

cotton swabs were collected from the skin 

and feathers of the wings and chest (Ste-

venson, 2021). The swab was moistened 

by sterile normal saline (0.9% NaCl) be-

fore immediate sampling to allow the 

proper collection of the sample. Each col-

lected swab was placed in a sterile test 

tube containing nutrient broth (Himedia, 

India). The samples were placed in a 

cooler box container at 4 °C and trans-

ported directly to the Bacteriology Labor-

atory, Department of Microbiology, Col-

lege of Veterinary Medicine, University of 

Mosul, Iraq, for further bacteriological 

analysis. 

Bacterial isolation and identification 

Standard microbiological methods de-

scribed by Quinn (2011) were followed to 

isolate S. lentus from poultry, including 

cultivation on selective mannitol salt agar 

(MSA) medium (Himedia, India). The two 

swabs collected from each chicken were 

considered one sample for bacterial cul-

ture. Briefly, the swabs were incubated for 

24 hours at 37 °C before they were 

streaked on MSA to obtain pure colonies. 

The culture plates were incubated at 37 °C 

for 24 hours.  Following isolation, all iso-

lates were confirmed by Gram staining 

and by biochemical catalase, oxidase, and 

coagulase tests, in addition to final con-

firmation by an automated bacterial iden-

tification system (VITEK
®
 2 Compact-

System, BioMérieux, France). 
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Antibiotic susceptibility testing  

The disk diffusion method was performed 

for S. lentus isolates to determine the anti-

biotic resistance profile in accordance 

with the standards of the Clinical and La-

boratory Standards Institute (CLSI, 2026). 

A total of 14 antibiotics purchased from 

Bioanalyse (Turkey) were used for antibi-

otic susceptibility testing (AST), including 

azithromycin (AZM15), methicillin 

(ME10), amoxicillin/clavulanic acid 

(AMC30), amikacin (AK10), cephalexin 

(CL30), meropenem (MRM10), gentami-

cin (CN10), ampicillin/cloxacillin 

(AX10), cefotaxime (CTX 30), ampicillin 

(AM25), tetracycline (TE10), doxycycline 

(DO10), trimethoprim (TMP 10) and 

levofloxacin (LEV5). Briefly, a 0.5 

McFarland standard for each isolate was 

prepared, and the bacteria were streaked 

over Mueller-Hinton agar (MHA) plates 

(Himedia, India). Then the antibiotic disks 

were applied gently by sterile forceps and 

incubated for 18 hours at 37 °C. The inhi-

bition zone in mm was measured using a 

digital caliper, and the results were rec-

orded.  

Molecular diagnosis and characterisation 

DNA extraction. The DNA was extracted 

from identified isolates of S. lentus using 

the AddPrep Bacterial Genomic Purifica-

tion Kit (Addbio, Korea), following the 

extraction procedure as previously de-

scribed by Alnajmawe & Ahmed (2025). 

Briefly, a few colonies were picked from 

fresh culture and processed according to 

the kit instructions by adding 500 µL of 

lysozyme buffer to an Eppendorf tube 

containing 20 µL of lysosome at 50 

µg/mL and incubated at 37 ℃ in a water 

bath for 60 min. The lysate was centri-

fuged at 13000 rpm, and 200 µL of lysis 

buffer with 20 µL of Protinase K at 20 

µg/mL was added to lyse the bacterial 

cells and incubated at 56 °C for 15 min. 

Then, 200 µL of binding buffer was added 

with 200 µL 100% ethanol and mixed 

well. Then, the whole lysate (600 µL) was 

transferred to a spin column to bind the 

DNA, followed by 2 wash steps using 500 

µL of washing buffer. Finally, DNA was 

eluted using 70 µL of elution buffer. The 

extracted DNA was kept at –20 °C for 

further assays. 

Polymerase chain reaction. The PCR 

was performed to target the 16S rRNA 

(Dos Santos et al., 2019) and the mecA 

(Rahman et al., 2018) genes of S. lentus. 

The primers were purchased from 

Macrogen, Korea (Table 1). The PCR 

settings were as follows. A 30 µL reaction 

volume contained 15 µL of Mastermix 

(Promega, USA), 1 µL of each primer, 

and 11 µL of nuclease-free water, with 3 

µL of DNA added. The PCR conditions 

were set as 95 °C for Taq activation, 34 

cycles of denaturation at 95 °C for 30 s, 

annealing at 60 °C for 61S rRNA and 52 

Table 1. Primers used for amplification of 16S rRNA and mecA genes to identify Staphylococcus 

lentus isolated from broiler chickens’ skin and feathers  

 

Gene Primer Sequence 5’ – 3’ 

Annealing 

temperature 

°C 

Size 

(bp) 
Reference 

16S RNA F AGAGTTTGATCCTGGCTCAG 
60 1400 

Dos Santos 

et al. (2019) R ACGGYTACCTTGTTACGACTT 

mecA 
F GTGAAGATATACCAAGTGATT 52   147 

Rahman  

et al. (2018) 
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°C for mecA primers for 30 s, and exten-

sion at 72 °C for 45 s. Then, a final exten-

sion was performed at 72 °C for 7 min 

followed by cooling at 4 °C. The obtained 

products were separated by agarose gel 

electrophoresis using 1.5% agarose 

(Najim & Ahmed, 2025). 

DNA sequencing and analysis. Posi-

tively amplified S. lentus samples target-

ing the 16S rRNA gene were sequenced 

following the Sanger sequencing method 

(Crossley et al., 2020). Eight isolates were 

deposited in the NCBI GenBank for ob-

taining accession numbers. The phyloge-

netic tree was constructed using the Max-

imum Likelihood method based on the 

Tamura-Nei model in MEGA11 software 

and bootstrap analysis with 1000 re-

samplings. 

Statistical analysis 

Chi-square analysis was used to compare 

antibiotic resistance frequencies using 

GraphPad Prism software (GraphPad 

Prism v. 10.0 for Windows, GraphPad 

Software, Boston, Massachusetts, USA), 

with a significance threshold of P value 

less than 5% (P<0.05). 

RESULTS  

In the present study, methicillin-resistant 

S. lentus were successfully isolated and 

identified from broiler chickens’ farms in 

Nineveh province, Iraq. Based on stand-

ard bacteriological methods, S. lentus 

isolates were identified in 12/60 (20%) of 

the samples. All isolates were catalase and 

oxidase positive and were negative for 

coagulase, consistent with the characteris-

tic biochemical profile of S. lentus. Spe-

cies-level identification was subsequently 

confirmed using the VITEK
®
 2 Compact 

System, which identified the isolates as S. 

lentus with a confidence probability rang-

ing from 96% to 98%. Additional confir-

mation was made at the molecular level by 

PCR targeting the 16S rRNA gene, which 

demonstrated successful amplification of a 

1400 bp product for the 12 positive cul-

tured isolates (Fig. 1).  

The AST results revealed that re-

sistance to methicillin (66.7%; 8/12) was 

significantly higher than resistance to 

meropenem (0%; 0/12), cefotaxime (8.3%; 

1/12), and azithromycin (16.7%; 2/12) 

(P<0.05). No significant differences were 

observed between resistance rates to 

 
Fig. 1. Agarose gel electrophoresis to detect the 16S rRNA gene with a size of 1400 bp of Staphylo-

coccus lentus isolated from broiler chickens’ skin and feathers. Lane M: DNA ladder; lanes 1–13: 

positive samples, lane 14: negative control. 
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methicillin and ampicillin (50%; 6/12), or 

between amikacin and tetracycline 

(33.3%; 4/12) and other antibiotics (Table 

2). Also, PCR confirmed that 66.7% 

(8/12) of isolated S. lentus carried the 

methicillin resistance (mecA) gene (Fig. 2).  

Eight sequenced samples belonging to 

S. lentus were deposited in GenBank 

(NCBI) under accession numbers 

PV536964, PV536965, PV536966, 

PV536967, PV536968, PV536969, 

PV536970, and PV536971. The phyloge-

Table 2. Antibiotic susceptibility test results for the 12 Staphylococcus lentus isolated from broiler 

chickens’ skin and feathers  

 

Antibiotics and concentrations (µg) 
Number of resistant 

isolates  
Resistance % 

Azithromycin (AZM15) 2 16.7ᵇᶜ 

Methicillin (ME10) 8 66.7ᵃ 

Amoxicillin/clavulanic acid (AMC30) 2 16.7ᵇᶜ 

Amikacin (AK10) 4 33.3ᵃᵇ 

Cephalexin (CL30) 2 16.7ᵇᶜ 

Meropenem (MRM10) 0 0.0ᶜ 

Gentamicin (CN10) 3  25.0ᵃᵇᶜ 

Ampicillin/cloxacillin (AX10) 3  25.0ᵃᵇᶜ 

Cefotaxime (CTX 30) 1  8.3ᶜ 

Ampicillin (AM25) 6 50.0ᵃ 

Tetracycline  (TE10) 4 33.3ᵃᵇ 

Doxycycline(DO10) 3  25.0ᵃᵇᶜ 

Trimethoprim (TMP 10) 4 33.3ᵃᵇ 

Levofloxacin (LEV5) 2 16.7ᵇᶜ 

a,b,c Mean different superscript letters in a column indicate significant differences.  

 
Fig. 2. Agarose gel electrophoresis to detect the mecA gene with a size of 147 bp of Staphylococcus 

lentus isolated from broiler chickens’ skin and feathers.  Lane M: DNA ladder; lanes 1, 3, 5–7, 9, 10 

and 12: positive samples; lanes 2, 4, 8 and 11: negative samples; lane 13: negative control. 
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netic tree analysis revealed a strong rela-

tionship with similar isolates in the 

GenBank from other countries such as 

Iran, Turkey, Morocco, China, the Nether-

lands, and the USA (Fig. 3, Table 3).  

 
Fig. 3. Phylogenetic tree of Staphylococcus lentus (*Iraq) isolated from broiler chickens’ skin  

and feathers. Partial DNA sequences of the 16S rRNA gene of S. lentus were used as input data. 

 
Table 3. Percentage distribution of identified Iraqi Staphylococcus lentus based on 16S rRNA gene 

according to NBLAST in NCBI GenBank 

 

Sample accession 

number  

Query coverage 

(%) 

Identity  

(%) 

GenBank acces-

sion number 

Country 

identification 

PV536964 

PV536965 

PV536966 

PV536967 

PV536968 

PV536969 

PV536970 

PV536971 

100 100 MN401134 Iran 

100 100 MN399938 Iran 

100 100 MN399937 Iran 

100 100 MK015780 The Netherlands 

100 100 MF678888 The Netherlands 

100 100 PV104459 Turkey 

100 100 CP180174 USA 

100 100 MK713683 Morocco 

100 100 MK439492 China 

100 100 PP961746 China 

100 100 OX344834 South Korea 

100 100 CP120062 Kenya 

100 100 CP120155 Kenya 
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DISCUSSION 

In the present study, methicillin-resistant 

S. lentus from broiler chickens’ farms in 

Nineveh province, Iraq, were successfully 

isolated and identified in 12/60 (20%) of 

the samples. For consistency with earlier 

cited literature and the output from the 

automated identification system, the name 

S. lentus will be used instead of 

Mammaliicoccus lentus. Similar studies 

have reported the isolation of methicillin-

resistant S. lentus. Marek et al. (2016) 

reported that S. lentus accounted for 42 

out of 302 (13.90%) of all Staphylococcus 

spp. isolates from 2805 poultry samples in 

Poland. These samples included four 

internal organs (heart, liver, tarsal joints, 

and bone marrow) collected from each 

bird. Syed et al. (2020) successfully 

isolated S. lentus in 14% (6 out of 43) of 

household chickens, including those from 

poultry meat shops in the districts of 

Haripur and Abbottabad, located in 

Khyber Pakhtunkhwa province, Pakistan, 

which was in agreement with our study. 

Another study that agreed with our 

findings was conducted in Portugal by 

Silva et al. (2022) who isolated methi-

cillin-resistant coagulase-negative Staphy-

lococcus, including S. lentus, from the 

cloaca and trachea of commercial 

chickens, homebred chickens, and quails 

at a Portuguese slaughterhouse. The 

isolates were reported at rates of 11 

(19.6%), 13 (20.3%), and 51 (51%), res-

pectively. The current findings differ from 

those of Szafraniec et al. (2025), who 

isolated S. lentus from bone marrow and 

synovial fluid. In the study by Szafraniec 

et al. (2025), 10 out of 93 Staphylococcus 

spp. isolates (10.8%) were obtained from 

broiler chickens in different regions of 

eastern Poland. The high prevalence of 

these bacteria observed in the mentioned 

studies highlights their potential public 

health significance, as they may be trans-

mitted to other animals or humans through 

the food chain and contribute to food poi-

soning outbreaks, especially where ade-

quate monitoring and control programmes 

are unavailable. (Silva et al., 2022; 

Szafraniec et al., 2022). The limited man-

agement and biosecurity measures, in ad-

dition to uncontrolled use of antibiotics as 

a prophylactic measure in the studied lo-

cal broiler farms, increase concerns about 

the possibility of these farms as a potential 

source of transmission of zoonotic patho-

gens, including S. lentus. Although S. 

lentus is considered a coagulase-negative 

Staphylococcus with less virulent  than S. 

aureus, it is frequently isolated from dif-

ferent infections in humans, such as exu-

dative skin infections, wound infections, 

and various systemic diseases (Mazal & 

Sieger, 2010; Hay & David, 2020; 

Crespo-Ortega et al., 2022). These infec-

tions highlighted the public health im-

portance that these bacteria gained over 

the last few decades, as they have arisen 

as the main causes of nosocomial infec-

tions (Al-Azawi et al., 2018). The high 

antibiotic resistance percentage, especially 

to methicillin and ampicillin, is very con-

cerning, especially since S. lentus can be 

transmitted to humans and colonise spe-

cific areas of the body (Magri et al., 2021; 

Silva et al., 2022). In Portugal, Silva et al. 

(2022) confirmed the presence of the 

mecA gene in 34.7% (26/75) S. lentus 

isolates from poultry and observed high 

rates of multidrug-resistant profiles. Fur-

thermore, Koller et al. (2011) found that 

S. lentus was the predominant species in 

samples from chicken carcasses (79.0%), 

and this prevalence was higher than that 

obtained in the present study. The pres-

ence of the mecA resistance gene in S. 

lentus isolates may further limit therapeu-

tic options for the management of bacteri-
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al infections. Detection of the mecA gene 

in S. lentus may enable the transfer of this 

resistance to other Staphylococcus spp., 

thereby maintaining high levels of bacteri-

al antibiotic resistance (Schwendener & 

Perreten, 2012; Rahman et al., 2026). 

These results indicated a widespread of 

pathogens among different countries, 

mainly through different transportation 

ways, which might only be detected 

through advanced molecular tools (Koller 

et al., 2011; Kumar et al., 2021).  

The phylogenetic tree analysis of the 

local isolates indicates great similarity 

with other strains from neighbouring 

countries such as Iran and Turkey, sug-

gesting that they might be transmitted 

across the borders of these countries, 

highlighting the necessity for further quar-

antine measures. Reported similarity to 

isolates from far countries such as Moroc-

co, China, the Netherlands, and the USA 

suggests the transmission by world-wide 

trading.  

The fact that according to the phylo-

genetic analysis, local S. lentus isolates 

were closely related to strains from neigh-

bouring countries, particularly Iran and 

Turkey, suggests a shared evolutionary 

background or circulation of related line-

ages (Nassar & Abbas, 2025). Similarity 

with strains from Morocco, China, the 

Netherlands, and the USA indicates the 

widespread distribution of closely related 

S. lentus lineages. Although these findings 

may reflect dissemination through animal 

movement or international trade, phyloge-

netic similarity alone cannot confirm 

transmission routes. Poor biosafety and 

biosecurity practices may further facilitate 

bacterial dissemination among animal 

populations. This raises concerns regard-

ing the potential spread of S. lentus to 

other animals (Rahman et al., 2026). Fur-

ther epidemiological investigations and 

whole genome studies are recommended 

to clarify transmission pathways and ge-

netic relationships.  

Finally, it is important to acknowledge 

several limitations of the present study, 

including the relatively small sample size, 

limited geographical coverage, the use of 

a methicillin disc instead of cefoxitin for 

detecting methicillin resistance in coagu-

lase-negative staphylococci and finally, 

the restricted number of antimicrobial 

resistance genes investigated. 

CONCLUSIONS 

The present study demonstrated that 

methicillin-resistant S. lentus was success-

fully detected in broiler chicken samples 

from different farms in Nineveh Province, 

Iraq, with possible risk for transmission 

and colonisation in broiler chickens. The 

majority of the isolates showed significant 

resistance, especially to both methicillin 

and ampicillin. A detailed, large-scale 

study is necessary to determine the exact 

prevalence and resistance profile at the 

molecular level 
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