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ORIGINAL ARTICLE

A SURVEY OF LOCAL CHEESE CONTAMINATION WITH STREPTOCOCCI
IN KABUL CITY MARKETS

Sayed Arif Ahmadi1*†, Mohammad Farzad Afshar2†, Mahyar Mokhatab3

1Department of Food Technology and Hygiene, Faculty of Veterinary Sciences, Kabul University, Jamal Mina, Kabul, Afghan-
istan; 2Department of Veterinary Laboratory Diagnosis, Faculty of Veterinary Medicine, Universiti Putra Malaysia, Serdang, 
Selangor, Malaysia; 3Institute of Bioscience, Universiti Putra Malaysia, Serdang, Selangor, Malaysia

ABSTRACT

This study investigated the occurrence and distribution of potentially 
pathogenic streptococcal species in traditional cheese (semi-hard ripened 
cheese) sold in Kabul, a topic of signifi cant relevance to veterinary sci-
ence due to its implications for food safety, zoonotic transmission, and 
dairy hygiene management. To this end, cheese samples from nine regions 
of Kabul were analyzed for microbiological quality using Gram staining, 
catalase testing, hemolysis patterns, and disk sensitivity to optochin and 
bacitracin, supplemented by limited Analytical Profi le Index (API) con-
fi rmation. Among 90 samples, 31 (34.4%) exhibited α-hemolysis with op-
tochin sensitivity, suggesting Streptococcus pneumoniae, while 25 (27.8%) 
showed β-hemolysis with bacitracin sensitivity, consistent with Group A 
Streptococcus (GAS). Non-hemolytic isolates (37.8%) predominated over-
all; API identifi ed Streptococcus infantarius in a subset. Results from the 
chi-square test of independence illustrated that regional diff erences were 
signifi cant (p < 0.001): Company and Pole Sorkh had the highest optochin 
sensitivity, Kote Sangai had the highest bacitracin sensitivity, and three 
regions showed no target organisms. Standard plate counts were low (10²–
10³ colony forming units (CFU·g⁻¹)) and well below international satisfac-
tory limits (≤ 10⁵ CFU·g⁻¹), indicating generally good microbial quality. 
Despite low total counts, the detection of presumptive S. pneumoniae and 
GAS in specifi c areas highlights localized hygiene gaps. 

Keywords: Afghanistan; cheese microbiology; Group A Streptococci; 
standard plate count; Streptococcus pneumoniae
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INTRODUCTION 

Cheese has been produced by humans for centuries to 
preserve and concentrate milk, making it one of the earli-
est forms of processed food [1]. Cheese provides a range 
of essential nutrients, including fat-soluble vitamins (A, D, 
E, and K) and water-soluble vitamin B12, which contrib-
ute to immune function, energy metabolism, and blood cell 
formation [2]. It also contains diverse fatty acids—satu-
rated, monounsaturated, and polyunsaturated—with some, 
like conjugated linoleic acid (CLA), showing potential 
anti-infl ammatory and anticancer eff ects despite concerns 
linked to saturated fat intake [2, 3].

Raw milk cheeses are especially valued for their in-
tense and robust fl avor, which is stronger than that of 
cheeses made from pasteurized milk [1]. However, mak-
ing cheese out of raw milk poses a threat to public health. 
In Afghanistan, such types of cheese have been made for a 
long time and have been reported to be contaminated with 
dangerous bacteria such as Staphylococcus aureus [4] and 
have been signifi cantly associated with Brucella and Cox-
iella burnetii infections [5].  Indeed, worldwide outbreaks 
of foodborne illness have been linked to the consumption 
of raw milk cheese [1], such as outbreaks in Italy [6], Eng-
land [7], Iran [8], and Pakistan [9].  

Streptococcus species, a group of lactic acid bacte-
ria, are facultative anaerobes that are catalase-negative, 
non-motile, non-spore-forming, and homofermentative 
cocci, generally consisting of Gram-positive, spherical or 
oval cells arranged in pairs or chains [10]. Numerous spe-
cies within this genus are signifi cant pathogens, with S. 
bovis, S. pyogenes, and S. equi subsp. zooepidermicus be-
ing linked to several serious medical conditions, including 
bacteremia, strep throat, scarlet fever, chills, hypotension, 
meningitis, endocarditis, sepsis, and colon cancer [11, 12]. 
These bacteria can enter dairy products through direct con-
tamination during processing or via infected raw milk, par-
ticularly when hygienic practices are poor [13, 14]. 

Since raw milk cheese production is commonly prac-
ticed among Afghan families, this study aimed to inves-
tigate the potential presence of pathogenic Streptococcus
species in ripened, semi-hard cheese sold across various 
markets in Kabul City and to analyze their microbiological 
quality using standard plate count (SPC). In addition, we 
hypothesize that the region may have a signifi cant associ-
ation with the streptococcal sensitivity pattern. To achieve 
these goals, a range of cheese samples was collected and 
subjected to biochemical testing to determine whether any 
zoonotic Streptococci were present. 

Fig. 1. Illustration of diff erent regions in Kabul City from which the samples were gathered
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MATERIALS AND METHODS

Sample collection
In this survey, a total of 90 ripened, semi-hard cheese 

samples, 400 g each, were collected from various dairy 
product shops across Kabul City (Figure 1). To prevent 
contamination, all samples were aseptically collected us-
ing sterilized tubes and bags [4].  The samples were trans-
ported in iceboxes to minimize bacterial growth and were 
promptly delivered to the Central Diagnostic Laboratories 
for Animal Disease, Ministry of Agriculture and Live-
stock, for further microbiological analysis [15]. 

Sample preparation, culture, and microscopic exam-
ination 

Five grams of each cheese sample were aseptically 
weighed and homogenized in 9 mL of sterile sodium cit-
rate (Sigma Aldrich, Germany) using a mortar and pestle 
to create a uniform suspension [16]. For the standard plate 
count, a ten-fold serial dilution was performed by transfer-
ring 1 mL of the suspension sequentially into 10 sterile test 
tubes, each containing 9 mL of sodium citrate, to achieve 
10-10 dilutions according to standard microbiological pro-
cedures. A sterile bent glass rod was used to spread 0.1 mL 
of diluted samples, and they were incubated at 37°C for 
24 hours. After incubation, all colonies, including those of 
pin-point size, in standard plate count agar (SPCA) medi-
um (HiMedia®, India) were counted [16, 17].  

Blood agar plates (HiMedia®, India) were inoculated 
with 1 mL from each dilution and incubated at 37°C for 
18–24 hours. After incubation, colonies were examined for 
hemolytic activity [18, 19]. Colonies showing hemolytic 
activity were subjected to Gram staining and examined 
microscopically. Gram-positive cocci appearing in chains 
were presumptively identified as the genus Streptococci 
[19]. 

Biochemical identification within Streptococcus spp.
To differentiate between Streptococcus species, hemo-

lytic colonies were subcultured on blood agar and incubat-
ed at 37°C for 24 hours. Optochin (5 μg) sensitivity testing 
was used (HiMedia®, India) to presumptively identify 
Streptococcus pneumoniae among α-hemolytic isolates, 
with a visible zone of inhibition indicating sensitivity (≥14 
mm with a 6 mm disk containing 5 µg optochin) [20]. 

Bacitracin sensitivity testing using 0.04-unit disks (Hi-
Media®, India) was employed to presumptively identify 
Streptococcus pyogenes among β-hemolytic isolates, with 
the presence of a zone of inhibition interpreted as a posi-
tive result [18, 21]. These methods were strictly used for 
comparison within the Streptococcus genus. 

Finally, to further confirm isolates to the species lev-
el, the API 20 STREP system (bioMérieux, France) were 
used. Colonies were suspended in sterile saline and inocu-
lated into the API test strips following the manufacturer’s 
instructions. The inoculated strips were incubated at 37°C 
for 24 hours. After incubation, color changes in the wells 
were recorded, and a numerical code was generated. This 
code was interpreted using the API database to identify the 
bacterial species with high precision [22].

Statistical analysis
Statistical analysis was performed using SPSS 27 

(IBM Inc., Chicago). Descriptive statistics were used to 
describe the sensitivity rate of antimicrobials in each re-
gion. Furthermore, A chi-square test of independence was 
performed to examine the association between region and 
Streptococcus sensitivity patterns (optochin sensitive or 
bacitracin sensitive separately) used for the presumptive 
identification of Streptococci. Standardized residuals were 
computed for post hoc analysis to identify cells contribut-
ing most to the overall association. Residuals with abso-
lute values ≥ 1.96 were considered statistically significant 
at p < 0.05, indicating observed frequencies significant-
ly different from expected. Residuals between ±1.5 and 
±1.95 were interpreted as approaching significance. 

RESULTS

Gram staining, catalase testing, and hemolysis pat-
terns combined with disk sensitivity testing (optochin 
and bacitracin) were used for the presumptive identifica-
tion of streptococcal isolates from nine regions. Out of 90 
total samples, 31 (34.4%) showed α-hemolysis and were 
sensitive to optochin, indicating a moderate presence of 
presumptive Streptococcus pneumoniae. Meanwhile, 25 
samples (27.8%) exhibited β-hemolysis and bacitracin 
sensitivity, suggesting a putative low presence of Group 
A Streptococci (GAS). A notable 34 samples (37.8%) 
displayed no hemolysis, implying a higher proportion of 
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non-hemolytic bacteria. Due to limited access to the API 
system, it was only possible to test 4 samples (detected 
from Kote Sangai and Mirwais Maidan). The species of 
these non-hemolytic-looking samples was found to be S. 
infantarius (Figures 2 and 3). 

Finally, it was found that there was a significant as-
sociation between the region and the distribution of iso-
lates showing optochin or bacitracin sensitivity patterns 
used for presumptive species differentiation (p < 0.001). 
Post-hoc analysis of standardized residuals indicated that 
cheese samples from Kote Sangai had a significantly high-
er frequency of bacitracin-sensitive isolates (presumptive 
presence of S. pyogenes) than expected (standardized re-
sidual = +2.3). For optochin sensitivity (presumptive pres-
ence of S. pneumoniae), samples from Company showed a 
higher-than-expected frequency, with a residual approach-
ing significance (+1.9). Conversely, Dasht-e-Barchi, Qala-
e-Naw, and Darulaman each showed lower-than-expected 
frequencies of optochin sensitivity, with residuals of –1.9, 
suggesting a marginal trend toward underrepresentation in 
these regions. 

Fig. 3. Presumptive identification of streptococcal isolates based 
on hemolysis patterns and disk sensitivity to bacitracin and op-

tochin

At the regional level, Company and Pole Sorkh 
showed the highest α-hemolytic activity with 7/10 (70%) 
optochin-sensitive isolates each, suggesting a strong like-
lihood of S. pneumoniae colonization. Pamir Cinema and 
Nadir Pashton Road exhibited moderate optochin sen-
sitivity (5/10, 50%) and moderate bacitracin sensitivity 
(5/10, 50%), indicating potential mixed populations of S. 
pneumoniae and GAS. Kote Sangai demonstrated a high 
β-hemolytic bacitracin sensitivity (7/10, 75%), strongly 
pointing toward a predominant presence of GAS. In con-
trast, α-hemolysis and optochin sensitivity were lower in 
this region (2/10, 20%), suggesting a smaller proportion 
of tentative S. pneumoniae. Regions such as Darulaman, 
Dasht-e-Barchi, and Qala-e-Naw showed no hemolysis and 
no sensitivity to either antibiotic disk (0/10), indicating the 
absence of the target organisms. In Mirwais Maidan, mod-
erate optochin sensitivity (5/10, 50%) and low bacitracin 
sensitivity (2/10, 20%) were observed, alongside a consid-
erable proportion (3/10, 30%) of non-hemolytic samples. 
Overall, these findings highlight significant regional var-
iations in streptococcal colonization patterns, with some 
areas dominated by presumptive S. pneumoniae, others 
by presumptive GAS, and several regions showing a pre-
dominance of non-hemolytic bacterial species. The overall 
means of standard plate count revealed that the samples 
gathered from Company had the highest CFU·g⁻¹: 6.0104 
× 10² ± 0.44, followed by Kote Sangai (5.2104 × 10² ± 
0.41) and Mirwais Maidan (5.0104 × 10² ± 0.52), while 
no colony was detected from Darulaman, Dasht-e-Barchi, 
and Qala-e-Naw (Table 1). Thus, the standard plate counts 
across regions were uniformly low. These counts (on the 
order of 10²–10³ CFU·g⁻¹) are well below common inter-
national “satisfactory” thresholds for total aerobic meso-
philic counts in ready-to-eat dairy products (e.g., ≤1 × 10⁵ 

Fig. 2. Identification of non-hemolytic-looking isolates on blood agar to the species level using the API system
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CFU·g⁻¹ as per established microbiological criteria frame-
works), indicating generally good microbial quality and 
low overall contamination levels in the positive samples 
[23].

DISCUSSION 

This study investigated the prevalence and distribution 
of streptococcal species in dairy products collected from 
nine regions, using classical microbiological methods 
complemented by limited confirmatory identification with 
the API system. The findings demonstrate notable heter-
ogeneity in hemolysis patterns and overall bacterial load 
across regions, highlighting the variable colonization and 
potential public health risks associated with streptococcal 
contamination in locally sourced products.

The predominance of optochin sensitivity observed 
in multiple regions (Company, Pole-Sorkh, and Mirwais 
Maidan) contrasted with a relatively lower frequency of 
bacitracin sensitivity. The predominance of α-hemolyt-
ic, optochin-sensitive isolates in the mentioned regions 
strongly suggests the presumptive presence of S. pneumo-
niae in these regions. This finding is significant given the 
pathogenic potential of S. pneumoniae as a leading cause 

of pneumonia, meningitis, and septicemia worldwide, es-
pecially in populations with limited access to healthcare 
and vaccination [24]. 

On the other hand, Kote Sangai showed a predomi-
nance of β-hemolytic, bacitracin-sensitive isolates, con-
sistent with the potential presence of Group A Streptococci 
(GAS). The presence of S. pyogenes, a member of GAS, 
in dairy products has remained a concern due to its ability 
to cause pharyngitis, skin infections, and invasive diseas-
es such as necrotizing fasciitis [25]. The relatively high 
frequency of GAS in this region may reflect differences 
in hygienic practices, handling procedures, or local res-
ervoirs of infection. Furthermore, detection of bacitracin 
sensitivity may reflect regional variations in antibiotic ap-
plication or bacterial strain heterogeneity, paralleling find-
ings by Perez-Trallero [26] and Katla et al. [27]. Besides, 
other Gram-positive bacteria (Staphylococcus aureus) 
have been detected in cheese in Kabul city (4.28%), which 
depicts the signs of lack of hygienic standards as stated in 
the study as well [4]. This mirrors patterns reported in both 
regional and global settings, pointing toward a concerning 
trend in dairy microbiology that carries significant public 
health implications.

The statistically significant association between region 
and the distribution of isolates showing optochin or bac-

Table 1. Hemolysis pattern, disk test results, and interpretation of streptococcal isolates from different regions 

Region Presumed Hemolysis Disk Test Applied Result (No. & % of sensitive samples) Overall mean of CFU·g⁻¹

Company
α-hemolysis Optochin 7/10 (70)

6.0104 × 10² ± 0.44
β-hemolysis Bacitracin 3/10 (30)

Darulaman No hemolysis / none N/Aa 0/10 (0) Nilb

Dasht-e-Barchi No hemolysis / none N/A 0/10 (0) Nil

Qala-e-Naw No hemolysis / none N/A 0/10 (0) Nil

Pamir Cinema
α-hemolysis Optochin 5/10 (50)

4.7104 × 10² ± 0.21
β-hemolysis Bacitracin 5/10 (50)

Pole Sorkh
α-hemolysis Optochin 7/10 (70)

4.0104 × 10² ± 0.17
β-hemolysis Bacitracin 3/10 (30)

Nadir Pashton Road
α-hemolysis Optochin 5/10 (50)

4.8104 × 10² ± 0.23
β-hemolysis Bacitracin 5/10 (50)

Mirwais Maidan

α-hemolysis Optochin 5/10 (50)

5.0104 × 10² ± 0.52β-hemolysis Bacitracin 2/10 (20)

No hemolysis N/A 3/10 (30)

Kote Sangai

β-hemolysis Bacitracin 7/10 (75)

5.2104 × 10² ± 0.41α-hemolysis Optochin 2/10 (20)

No hemolysis N/A 1/10 (5)
a: Not applicable. 
b: No bacterial growth or no colonies detected in the samples from the respective areas.
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itracin sensitivity patterns used for presumptive species 
differentiation categories (p < 0.001) indicates that local 
environmental and production factors influence contami-
nation and presence of various streptococcal species. The 
higher-than-expected bacitracin sensitivity in Kote-Sangai 
and increased optochin sensitivity in Company and Pole 
Sorkh may reflect localized differences in the presence of a 
specific type of Streptococci and cheese handling practices, 
which warrant further investigation. Meanwhile, the mar-
ginal underrepresentation of optochin and bacitracin sen-
sitivity in regions such as Dasht-e-Barchi, Darulaman, and 
Qala-e-Naw suggests differential impacts of local hygiene 
practices, processing methods, or pasteurization, align-
ing with international evidence underscoring how proper 
sanitary measures mitigate microbial contamination [28]. 
Similarly, one study in Herat province of Afghanistan re-
ported the presence of antibiotic residues (14.1%) in milk 
collected from shops and open markets of Herat city with 
the highest residue proportion related to beta-lactam anti-
biotics (12.8%) [15]. Thus, the presence of antibiotic resi-
dues previously reported in raw milk from Herat suggests 
an underlying selective pressure that may influence the 
occurrence of streptococcal species such as S. pyogenes. 
In particular, sustained antimicrobial exposure may enrich 
resistance mechanisms, including Bce-type transporters 
that detect bacitracin and promote efflux or inactivation, 
thereby reducing its inhibitory effect on cell wall synthesis 
[29]. Comparative studies further reinforce the relevance 
of these findings; for instance, one study in Iraq reported 
the presence of S. pneumoniae from cheese [30]. 

Interestingly, non-hemolytic isolates comprised the 
largest proportion overall (37.8%). API testing of a sub-
set of four samples identified S. infantarius, a member of 
the Streptococcus bovis/Streptococcus equinus complex, 
which has been associated with fermented dairy products 
in Africa and Asia [31]. While often considered com-
mensal or involved in traditional fermentation, S. infan-
tarius has also been implicated in endocarditis and other 
opportunistic infections [32]. Its detection suggests that 
traditional dairy practices in Kabul may foster coloniza-
tion by non-pathogenic or opportunistic Streptococci, a 
finding consistent with studies documenting S. infantari-
us dominance in raw and fermented dairy products in re-
source-limited settings [33]. Regions such as Darulaman, 
Dasht-e-Barchi, and Qala-e-Naw demonstrated no bacte-
rial growth, which may indicate either effective hygienic 

practices during milk handling or environmental condi-
tions less conducive to streptococcal survival. One limita-
tion of the current results, however, is that only 4 isolates 
could be identified as S. infantarius using the API kit and 
therefore, these results are indicative and not definitive. 

The standard plate count results provide reassuring 
evidence of generally acceptable microbiological quality 
across the positive samples. The CFU measurements rang-
ing from approximately 4.01 × 10² to 6.01 × 10² per gram 
in bacitracin-resistant samples fall well below established 
international thresholds for ready-to-eat dairy products 
(≤1×10⁵ CFU·g⁻¹) [34, 35] and indicate the good quality 
and generally hygienic production of cheese, which is in 
contrast of previous findings in Herat and Kabul report-
ing low-hygiene dairy products [4, 17, 15].  However, 
the combined low standard plate counts together with the 
regional differentiation in hemolysis and disk sensitivity 
profiles underscore localized patterns of streptococcal oc-
currence rather than widespread heavy contamination; this 
supports a risk-based focus on areas (e.g., Company and 
Kote Sangai) where presumptive pathogens co-occur with 
detectable bacterial burden. 

Future work should expand confirmatory identification 
beyond biochemical testing, incorporating molecular ap-
proaches such as 16S rRNA sequencing or MALDI-TOF 
for more accurate species-level classification since these 
results are considered  presumptive. In addition, safety as-
sessment, exploration of virulence genes, and antimicrobi-
al susceptibility testing against a set of antibiotics would 
help clarify potential resistance patterns in these isolates. 
Such studies are crucial for developing region-specific risk 
mitigation strategies, especially in areas like Kote Sangai 
and Company, where contamination appears most pro-
nounced. 

CONCLUSION

This study revealed notable regional variation in strep-
tococcal contamination of ripened, semi-hard cheese in 
Kabul, with Company and Pole Sorkh showing a predom-
inance of presumptive S. pneumoniae and Kote Sangai 
dominated by Group A Streptococci. Although overall 
bacterial loads were low and within international microbi-
ological quality standards, the presence of potential path-
ogens in specific areas highlights localized hygiene and 
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handling deficiencies. The detection of S. infantarius fur-
ther underscores the influence of traditional dairy practic-
es on microbial profiles. Targeted interventions, improved 
hygienic measures, and molecular confirmation of isolates 
are warranted to better assess public health risks and guide 
region-specific control strategies. 
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ABSTRACT

Campylobacter species and Escherichia coli are leading causes of bacte-
rial diarrhea in humans and livestock globally, often transmitted through 
food and water with poultry, pigs, and cattle, as reservoirs, are increasing-
ly resistant to antibiotics, necessitating alternative therapeutic strategies. 
Building on previous reports of the antibacterial, cytotoxic, phytochemi-
cal, and antioxidant properties of Ficus exasperata leaf extracts as phyto-
genic feed additives for chickens, this study expands the scope by evaluat-
ing additional clinical E. coli isolates with their selectivity index, genotox-
icity assays and profi ling the methanol extract using standard bioassays 
and GC-MS. The methanol extract demonstrated broad and best effi  cacy 
across all tested bacteria, though the aqueous had the highest total anti-
bacterial activity (2 308 mL/g). The reference strains (ATCC) were more 
resistant than clinical isolates. The methanol extract showed the lowest 
cytotoxicity (LC50: 0.99 mg/mL on Vero cells and 2.69 mg/mL on Caco-2 
cells) and the highest selectivity indices (Vero: 6.33; Caco-2: 14.17). It was 
non-mutagenic to Salmonella typhimurium TA98 compared to acetone ex-
tract. The GC-MS analysis of methanol extract revealed 9-Octadecen-1-ol 
(24.52%) as the most abundant compound. The methanol extract showed 
promising potential for further in vivo testing as phytogenic feed addi-
tives and alternatives for managing campylobacteriosis and colibacillosis 
in chickens.

Keywords: antibacterial; E. coli isolates; Ficus exasperata; GC-MS; 
methanol extract; selectivity index
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INTRODUCTION

Poultry comprises the greatest reservoir of Campy-
lobacter species, particularly Campylobacter jejuni and 
Campylobacter coli, which are the most common causes 
of bacterial diarrhoea in humans worldwide [1]. Similarly, 
the disease is zoonotic, and domestic animals such as poul-
try, pigs, and cattle may act as reservoirs. One of the criti-
cal public health problems in recent years is antimicrobial 
resistance in food-borne pathogens [2, 3]. Reports have 
shown the resistance of poultry and human Campylobacter 
isolates to the antibiotic ciprofloxacin due to veterinary ap-
plication of enrofloxacin and other quinolones [3, 4]. Ac-
cording to the 2017 report of the European Food Safety 
Authority (EFSA) and the European Centre for Disease 
Prevention and Control (ECDC), the most common causes 
of food-borne zoonotic diseases were Campylobacter and 
Salmonella bacteria [5]. In Canada, the annual incidence 
of food poisonings ranges between 3.1 and 5 million. In 
Australia, the incidence is 5.4 million [6, 7].

Avian pathogenic Escherichia coli (APEC) infection 
is zoonotic and also pathogenic to chickens. It has been re-
sponsible for great economic losses to the poultry industry 
worldwide [8]. The pathological presentations vary from lo-
calized, such as salpingitis or omphalitis, to systemic infec-
tions. Antimicrobial drugs can be used to reduce mortality 
in birds diagnosed with a localized or generalized bacterial 
infection. However, selection of antimicrobial drugs must be 
based on the susceptibility of isolated bacteria, as E. coli may 
be resistant to commonly used antibacterial drugs such as tet-
racycline, sulfonamides, ampicillin, and streptomycin [9, 10]. 
In humans, the enteropathogenic strains of E. coli (EPEC) 
cause diarrhoeal illness, especially in young infants, present-
ing symptoms such as watery diarrhoea with low-grade fever 
and vomiting and more severe cases resulting in death [11].

The ban on the use of antibiotics as growth promoters 
in livestock by the European Union occurred as a result 
of the emergence of antibiotic resistance in bacteria col-
onizing humans [12, 13], due to the development of re-
sistant strains against conventional antibiotics. Therefore, 
feed companies and researchers are in search of alternative 
products and strategies that can help to maintain animal 
gut health in order to prevent or reduce the prevalence of 
pathogens in the food chain [14]. 

Ficus exasperata has been reported as a potential 
source of antimicrobial compounds. Major ethnomedicinal 

usage has been reported throughout Africa, with Nigeria, 
Cameroon, Ivory Coast, and Sierra Leone being the folk-
loric hubs. Crude extracts have been reported to exhibit 
a wide spectrum of in vitro and in vivo pharmacological 
activities like antidiabetic, anticonvulsant, anti-inflamma-
tory, antimicrobial, hypolipidemic, antioxidant, antiulcer, 
anxiolytic, and hypotensive [15, 16]. 

The consumption of anticarcinogens and antimutagens 
in the diet may be the most effective way of preventing hu-
man cancer [17]. Therefore, incorporating non-genotoxic, 
antimutagenic plants like Ficus leaf-based feed additives 
may contribute not only to poultry health and productivity 
but also to improved food safety, public health, and protec-
tion against diet-related carcinogenesis in humans.

Previous studies by Olawuwo et al. [18, 19] demon-
strated the antibacterial and cytotoxic effects of F. ex-
asperata leaf extracts against  reference strains of E. 
coli and Campylobacter species and reported phytochem-
ical and antioxidant activities of the acetone and aqueous 
extracts. The present study extends this work by including 
additional clinical isolates of E. coli with their selectivity 
index, genotoxicity assays and chemical profiling of the 
methanol extract investigating the antibacterial potential 
and safety of F. exasperata in the treatment of colibacillo-
sis and campylobacteriosis in chickens.

MATERIALS AND METHODS

Plant collection
Fresh leaves of F. exasperata were collected from 

Ibadan Metropolis in the Lagelu Local Government Area 
of Oyo State, the southwestern part of Nigeria. The plant 
was identified by Mr Esimekhinai, D. P. O with a voucher 
specimen (UIH - 22626) and was deposited after identifi-
cation in the herbarium of the Department of Botany, Uni-
versity of Ibadan.

Plant preparation and extraction
The fresh leaves were rinsed, air dried, and ground 

into powder. Three grams of the powdered material were 
weighed into centrifuge tubes, and 30 ml of acetone, meth-
anol, and distilled water were added to separate aliquots 
and allowed to macerate for 24 h. The mixtures were 
centrifuged at 300×g for 10 min, and filtration was car-
ried out using Whatman No. 1 filter paper. The resultant 
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extracts were transferred into pre-weighed, labelled glass 
vials. Resultant extracts were placed under a stream of air 
to dry completely and stored in a dark room at 4 °C while 
preparing for the experiment. The resultant extracts were 
reconstituted in their respective solvents to give the de-
sired concentrations used in the study. 

Microbial strains
Of the 11 pathogens used in this study, three were ref-

erence strains, American Type Culture Collection (ATCC), 
while eight were clinical isolates. The reference strains 
used were Escherichia coli (ATCC 25922), Campylobac-
ter coli (ATCC 43478), and Campylobacter jejuni (ATCC 
33560). Clinical isolates were (A) Escherichia coli (B 
3427/16), (B) Escherichia coli (B 3584/16), (C) Escher-
ichia coli (B 3412/16), (D) Escherichia coli (B 364/16), 
(E) Escherichia coli (B 3584/16), (F) Escherichia coli (B 
3375/16), (G) Escherichia coli (B 3282/16), and (H) Es-
cherichia coli (B 3397/16) from chickens. All were ob-
tained from the Department of Veterinary Tropical Diseas-
es (DVTD), Faculty of Veterinary Science, University of 
Pretoria.

Antibacterial assay
The antibacterial activity of acetone, methanol, and 

aqueous leaf extracts of Ficus exasperata against reference 
Campylobacter strains and clinical E. coli isolates from 
poultry was evaluated in vitro using a serial microdilution 
assay [20]. Clinical isolates were cultured in Mueller Hin-
ton (MH) broth for E. coli and Brain Heart Infusion (BHI) 
broth for Campylobacter, incubated at 37 °C for 18–24 h, 
and adjusted to 3 × 108 cfu/ml (McFarland No. 1) by ab-
sorbance measurement at 560 nm. Plant extracts (10 mg/
ml) were prepared and serially diluted in 96-well plates and 
inoculated with standardized bacterial suspensions; gen-
tamicin (2 mg/ml) and acetone served as positive and neg-
ative controls, respectively. Plates containing E. coli were 
incubated at 37 °C for 24 h in a regular incubator, while 
those with Campylobacter were incubated anaerobically. 
Following incubation, 40 μl of p-iodonitrotetrazolium 
(INT, 0.2 mg/ml) was added to detect bacterial growth, 
and the minimum inhibitory concentration (MIC) was re-
corded as the lowest concentration with clear inhibition. 
The assay was conducted in triplicate and repeated twice 
for reliability.

Toxicological assays

In vitro cytotoxicity assay
The cytotoxicity of the plant extracts was evaluated 

against Vero monkey kidney and human intestinal (Caco-
2) cell lines using the MTT assay as described by Moss-
man [21] and modified by McGaw et al. [22]. Cells grown 
in Minimal Essential Medium (MEM) supplemented with 
gentamicin and foetal calf serum were harvested, adjusted 
to 5 × 104 cells/ml, and seeded into 96-well plates, with 
columns 1 and 12 containing only MEM to minimize edge 
effects. After 24 h incubation at 37°C with 5% CO₂, cells 
were treated in quadruplicate with varying concentrations 
of plant extracts (prepared from 100 mg/ml stock) for 48 h, 
while doxorubicin served as a positive control and untreat-
ed cells as a negative control. Following treatment, cells 
were washed with PBS, supplied with fresh MEM, and 
incubated with MTT solution (5 mg/ml) for 4 h to allow 
formazan crystal formation, which was then solubilized in 
dimethyl sulfoxide (DMSO). Absorbance was measured at 
570 nm using a microplate reader, with blank wells (no 
cells) for correction. Cytotoxicity was expressed as the 
lethal concentration (LC₅₀), defined as the extract concen-
tration causing a 50% reduction in absorbance relative to 
untreated controls.

In vitro genotoxicity assay
The plate incorporation assay, also known as the Ames 

test [23], was used to determine the genotoxicity of the 
selected plant extracts against Salmonella typhimurium 
strains TA98 and TA100. Acetone and methanol extracts 
were prepared at concentrations of 5, 0.5, and 0.05 mg/ml 
in DMSO under sterile conditions. The samples were test-
ed against S. typhimurium strains TA98 and TA100 with-
out an exogenous metabolic activation system. Briefly, 100 
μl of each extract was added to the test tube, followed by 
500 μl of phosphate buffer and 100 μl of a fresh overnight 
culture (prepared by inoculating 100 μl stock bacteria in 
10 ml of Oxoid nutrient broth); then 2 ml of top agar with 
biotin/histidine was added. The mixture was centrifuged 
and poured into minimal agar plates. A positive control, 
4-nitroquinoline-N-oxide (4-NQO) at a concentration of 2 
μg/ml, negative controls of 10% DMSO and sterile dis-
tilled water were also prepared. The plates were incubated 
for 48 h at 37°C and a colony counter was used to count 
the colonies. 
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Gas chromatography-mass spectrometry (GC-MS) of 
methanol plant extract

Analysis of chemical constituents of methanol plant 
extract of F. exasperata with the best biological activities 
and industrial relevance was carried out in a LECO  Pe-
gasus 4D GC-TOFMS (LECO Africa (Pty) Ltd., Kempton 
Park, South Africa on a gas chromatography (GC) capil-
lary column of dimension Rxi-1MS 30 m x 0.25 mm ID 
x 0.25 µm film thickness (Restek, Bellefonte, PA, USA). 
Gas chromatography (GC) UHP Helium (Afrox, South Af-
rica) was used as a carrier gas at a flow rate of 1 ml/min. 
A 1 μL methanol solution of the sample was injected in a 
split mode at 10:1 with injector temperature at 250°C. The 
GC oven temperature was programmed at 40°C (held for 3 
min), at 8°C/min to 300°C (hold for 5 min). The constant 
flow mode mass acquisition from 40-450 Da was main-
tained. The MS transfer line temperature was 280°C. The 
ion source temperature was maintained at 230°C. Com-
pound spectra were detected by electron ionization sys-
tem (70 eV), MS solvent delay 5 min and electron energy 
70 eV in the electron ionisation mode (EI+). The relative 
quantity of the compounds present in the extract was ex-
pressed as a percentage based on the peak area produced 
in the chromatogram. The tentative identification was done 
by comparison of retention times with standard samples 

and by matching their mass spectra at a rate of 10 spectra/s 
and a detector voltage of 1750 V against mass spectra of 
the National Institute of Standards and Technology (NIST) 
14 Library. 

Statistical analysis
Some of the data obtained from experiments were ex-

pressed as mean + standard deviation (SD) and were sub-
jected to descriptive statistics using the Student’s t- test 
to compare two sample means. A one-way ANOVA for 
the test of significance between groups that were more 
than two and Tukey’s post-hoc test were used to compare 
means of all samples using GraphPad Prism, version 5.01, 
April 2016, statistical software Chicago, IL, USA, where 
applicable. 

RESULTS

Antibacterial activity (MIC) and total antibacterial 
activity (TAA)

The antibacterial activity of F. exasperata is presented 
in Table 1. The acetone and methanol extracts of Ficus ex-
asperata were moderately active, with the lowest average 
MIC values for all tested organisms of 0.24 and 0.56 mg/

Table 1. Minimum inhibitory concentration (MIC) of acetone, methanol, and aqueous extracts of F. exasperata against Campylobacter 
strains and eight selected Escherichia coli isolates

MIC (mg/ml)

Extracts E. coli
R

E. coli 
(A)

E. coli 
(B)

E. coli 
(C)

E. coli 
(D)

E. coli  
(E)

E. coli  
(F)

E. coli 
(G)

E. coli 
(H)

C. c. C. j. Average
MIC

Acetone 0.78 0.07 0.07 0.15* 0.11* 0.22* 0.18 0.22* 0.46* 0.05 0.30* 0.24*

Methanol 0.78 0.15* 0.07 0.07 0.07 0.62* 0.30* 0.15* 0.15* 2.50 1.25 0.56*

Aqueous 1.87 0.15* 0.03 0.34* 0.03 0.30* 0.62* 0.03 0.03 2.50 1.87 0.71

Gentamicin >0.01 0.001 0.0006 0.001 0.0006 0.0003 0.0002 0.0002 0.0006 0.62 0.001 0.06

MIC < 0.1 mg/ml – Significantly active (Bold), 0.1 ≤ MIC≤ 0.625 mg/ml – Moderately active*, MIC > 0.625 mg/ml, Gentamicin (2 mg/ml) – positive 
control,  A–H – isolates, R – ATCC. C. c. – C. coli, C. j. – C. jejuni.

Table 2. The total antibacterial activity (TAA) in ml/g of acetone, methanol, and aqueous extracts of Ficus exasperata against typed Cam-
pylobacter strains and 8 selected Escherichia coli isolates

Total Activity

Extracts Yield 
(%)

E. coli 
(R)

E. coli 
(A)

E. coli 
(B)

E. coli 
(C)

E. coli 
(D)

E.coli 
(E)

E. coli 
(F)

E. coli 
(G)

E. coli 
(H)

C. c. C. j. Average

Acetone 3.33 42 476 476 222 303 151 185 151 72 666 111 259

Methanol 9.33 119 622 1 333 1 333 1 333 150 311 622 622 37 74 596

Aqueous 17.00 90 1 133 5 666 500 5 666 566 274 5 666 5 666 68 90 2 308
A–H – isolates, R – ATCC. C. c. – C. coli, C. j. – C. jejuni.
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ml, respectively. The findings indicated that the methanol 
extract had the best antibacterial activity against all the 
tested bacteria. 

The total antibacterial activity (TAA) is a function of 
the extraction yield in mg per 1 gram of plant material and 
the minimal inhibitory concentration (MIC), expressed in 
milliliter per gram (ml/g). The results for the TAA values 
of the extracts against E. coli isolates and Campylobac-
ter species are presented in Table 2. The aqueous extract 
showed average TAA values of 2,308 ml/g, followed by 
the methanol extract with average TAA values of 596 ml/g, 
while acetone extracts had the lowest % yield with the 
lowest average TAA values of 259 ml/g. 

Cytotoxicity and selectivity index (SI)
The LC50 values of the acetone, methanol, and  aque-

ous extracts against Vero kidney cells were 0.09 ± 0.05, 
0.99 ± 0.23, and 0.27 ± 0.21 mg/ml, respectively, while the 
LC50 values of the acetone, methanol, and aqueous extracts 
against Caco-2 cells were 1.82 ± 0.56, 2.69 ± 0.44, and 
0.05 ± 0.00 mg/ml, respectively (Figure 1). The methanol 
extract had the highest LC50 (lowest toxicity) value against 
both Vero and Caco-2 cells (Figure 1).

The SI values for the acetone, methanol, and aqueous 
extracts against Vero and Caco-2 cells ranged from 0.10 to 
14.14 and 0.02 to 38.42, respectively, with the methanol ex-
tract having the highest value. Selectivity index (SI) values 
for antimicrobial activity were calculated using the formula 
SI = LC50/MIC, with units for LC50 and MIC in mg/ml.

Genotoxicity
The methanol extract was non–mutagenic against 

TA98 at all concentrations but toxic to TA100 at 5 mg/

ml, except for the acetone extract that showed clear mu-
tagenicity with numbers of revertant colonies greater than 
twice that of the negative controls for the 5 mg/ml (the 
highest concentration tested) and also increased with in-
creasing concentrations of extracts. The methanol extract 
was not toxic to S. typhimurium TA98 and TA100 though it 
showed a dose-dependent response against S. typhimurium 
TA100 (Table 4).

Gas chromatography-mass spectrometry (GC-MS) of 
methanol plant extract

The gas chromatographic-mass spectrometric analy-
sis of the extract was done to elucidate the presence of 
any potential antibacterial and antioxidant compounds in 
the methanol extract of F. exasperata (Table 5, Figure 2). 
Out of ninety-eigth metabolites, only 58 were identifiable; 
the most abundant compound with the largest yields ex-
hibiting the highest peak areas in the extract is 9-Octade-
cen-1-ol (24.52%).

DISCUSSION

Antibacterial activity
Antibacterial activity was classified as active, moder-

ately active, weak, or inactive following the benchmark 
established by Kuete [24] and Efferth and Kuete [25]. The 
findings indicated that the methanol extract had the best an-
tibacterial activity against all chicken isolates but relatively 
weak activity against chicken Campylobacter species.

The total antibacterial activity (TAA) is a function of 
the extraction yield in mg per 1 gram of plant material and 
the minimal inhibitory concentration (MIC), expressed in 
ml per gram (ml/g) [26]. The TAA is a useful pharmaco-
logical criterion for the selection of plant species, and it 
also indicates which plant species could be the best source 
of extract for use by poor communities or for organic pro-
duction [26].

The ethanol extract of the leaves of F. exasperata has 
been reported to have good inhibitory activity (300 mg/
ml) against E. coli using a well diffusion assay [27]. The 
methanol extract of the bark of Ficus religiosa was found 
to be more active against all the enterotoxigenic E. coli 
using disc diffusion [28]. 

All the leaf extracts of Ficus deltoidea have been re-
ported to show inhibitory activity against the fungus, 

Fig. 1. Cytotoxicity (LC50) of extracts against Vero kidney cells 
and Caco-2 cells



15

gram-positive and gram-negative bacteria strains tested, 
except for the chloroform and aqueous extracts on Bacillus 
subtilis, E. coli, and Pseudomonas aeruginosa using disc 
diffusion [29]. Koona and Rao [30] reported that the meth-
anol extract of the leaf of Ficus benghalensis displayed 
high antibacterial activity against all tested bacteria, while 
Gayathri and Kannabiran [31] observed that the aqueous 
extract of the bark of the same plant also had active inhibi-
tion (0.04 mg/ml to 0.1 mg/ml) against the tested bacteria. 

To the best of our knowledge the findings from this 
study comprise the first report on the antibacterial activity 
of F. exasperata against different chicken clinical isolates 
of E. coli. The different reported findings on the antibacte-
rial activities of this plant and other related species could 
be attributed to geographical location, age of plant at har-
vest, season of harvest, and method of extraction, all of 

which affect the yield of active constituents of medicinal 
plants [32, 33]. This can also be due to differences in labo-
ratory procedures and reagents used [34, 35]. 

Cytotoxicity and selectivity index (SI)
Three extracts of F. exasperata leaves were tested 

against Vero kidney and Caco-2 cell lines for general and 
local toxicity, respectively. Makhafola et al. [36] stated 
that until cellular toxicity tests are conducted, no natural 
products or crude plant extracts can be considered safe for 
usage. It is expected that the sensitivity of the cell lines to 
the extracts will be different because of different metabolic 
activities and uptake capabilities [37]. The human intes-
tinal cell line (Caco-2) has been reported for its known 
uptake capabilities [38]. Therefore, the choice of Caco-2 
cells was attributable to its uptake capabilities and being 

Table 3. Selectivity index (SI) against Vero kidney cells and Caco-2 cells

SI Vero cells SI Caco-2 cells

Acetone Methanol Aqueous Acetone Methanol Aqueous 

E. coli (R) 0.12 1.27 0.14 2.33 3.45 0.03

E. coli (A) 1.29 6.60 1.73 26 17.93 0.33

E. coli (B) 1.29 14.14 8.67 26 38.42 1.66

E. coli (C) 0.60 14.14 0.76 12.1 38.42 0.14

E. coli (D) 0.82 14.14 8.67 16.5 38.42 1.66

E. coli (E) 0.41 1.60 0.87 8.20 4.33 0.16

E. coli (F) 0.50 3.30 0.42 10.1 8.96 0.08

E. coli (G) 0.41 6.60 8.67 8.27 17.93 1.66

E. coli (H) 0.20 6.60 8.67 3.95 17.93 1.66

C. coli 1.80 0.40 0.10 36.40 1.07 0.02

C. jejuni 0.30 0.80 0.14 6.06 2.15 0.02

Average 0.70 6.33 3.53 14.17 17.18 0.67
A selectivity index > 1 is regarded to be safe (Bold), R – ATCC

Table 4. Genotoxicity of selected extracts against Salmonella typhimurium strains (TA 98 and TA100) presented as mean ± standard devi-
ations

Plant Species Extracts

Salmonella typhimurium strains

TA98 TA100

Concentration mg/ml Concentration mg/ml

Ficus exasperata 5
mg/ml

0.5
mg/ml

0.05
mg/ml

5
mg/ml

0.5
mg/ml

0.05
mg/ml

Number of revertant colonies per concentration

Acetone 264.50±28.99 46.50±7.78 19.00±1.41 262.50±0.71 282.00±7.07 217.50±17.68

Methanol 13.00±1.41 5.50±0.71 10.50±2.12 244.50±0.71 217.00±1.41 174.50±3.54

4NQO 133 ± 1.21 491.50±4.95

10% DMSO 21.50±2.12 260.00±2.83

Water 13.50±2.12 244.50±6.36
DMSO – dimethyl sulphoxide, 4NQO –  4-nitroquinoline-N-oxide
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Table 5. Major compounds detected in the methanol crude leaf extract of F. exasperata

S/N RT (s) Compounds MW Molecular 
formula % Peak Area Similarity

Index (%)

1 739.6 n-Hexane 86 C6H14 0.25251 95.5

2 801.3 1H-Pyrrole-2,5-dione, 3-ethyl-4-methyl- 139 C7H9NO2 0.037975 72.4

3 816 Hexadecane 226 C16H34 0.075317 89.6

4 987.7 Eicosane 282 C20H42 0.083463 85.2

5 1030.9 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl- 180 C11H16O2 0.063582 87.5

6 1059.8 1,3-Benzenediol, o-(2-methylbenzoyl)-o’-(3-cyclopentylpropionyl)- 352 C22H24O4 0.048256 81.2

7 1069.4 Diethyl Phthalate 222 C12H14O4 0.13902 94.8

8 1116.7 aR-Turmerone 216 C15H20O 1.0882 90.5

9 1117.1 n-Tridecan-1-ol 200 C13H28O 1.0882 84.1

10 1175.7 Tetradecanoic acid 228 C14H28O2 0.20765 83.6

11 1190.3 3-Methylbenzoic acid, 2-formyl-4,6-dichlorophenyl ester 308 C15H10Cl2O3 0.050817 79.8

12 1191.2 2-Undecanethiol, 2-methyl- 202 C12H26S 0.050817 78.8

13 1196.4 6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-tetrahydrobenzofuran-2(4H)-one 196 C11H16O3 0.10085 81.5

14 1220.8 Neophytadiene 278 C20H38 0.95137 91.0

15 1225.4 2-Pentadecanone, 6,10,14-trimethyl- 268 C18H36O 0,71471 85.1

16 1244.2 Phthalic acid, isobutyl nonyl ester 348 C21H32O4 0.004233 85.6

17 1247.3 1-Hexadecanol 242 C16H34O 12.262 94.0

18 1247.7 Cyclohexene, 3-propyl- 124 C9H16 12.392 70.7

19 1272.9 2-Piperidinone, N-[4-bromo-n-butyl]- 233 C9H16BrNO 0.2513 79.7

20 1273.5 Pentadecanoic acid, 14-methyl-, methyl ester 270 C17H34O2 0.2513 80.6

21 1279.7 Cyclotetradecane 196 C14H28 0.070195 89.4

22 1287.7 Isophytol 296 C20H40O 0.086541 73.3

23 1288.7 Benzenepropanoic acid, 3,5-bis(1,1 dimethylethyl)-4-hydroxy-, methyl ester 292 C18H28O3 0.086541 74.4

24 1299.7 n-Hexadecanoic acid 256 C16H32O2 3.4626 92.0

25 1302 Dibutyl phthalate 278 C16H22O4 0.52773 93.8

26 1312.5 Oxalic acid, allyl octadecyl ester 382 C23H42O4 0.11053 79.9

27 1313.2 Hexadecanoic acid, ethyl ester 284 C18H36O2 0.11053 75.2

28 1349.9 Cyclooctene, 3-ethenyl- 136 C10H16 0.12643 78.7

29 1354 9-Octadecen-1-ol, (E)- 268 C18H36O 24.521 95.4
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Table 5: (Continued)

S/N RT (s) Compounds MW Molecular 
formula % Peak Area Similarity

Index (%)

30 1365.8 Hexadecen-1-ol, trans-9- 240 C16H32O 8.6044 94.1

31 1374.9 9-Octadecenoic acid (Z)-, methyl ester 296 C19H36O2 0.089798 74.5

32 1376.1 3-Tetradecen-5-yne, (Z)- 192 C14H24 0.35967 74.3

33 1382.8 Phytol 296 C20H40O 2.3539 90.7

34 1400.9 1,8,11,14-Heptadecatetraene, (Z,Z,Z)- 232 C17H28 0.87074 71.6

35 1409.9 Octadecanoic acid 284 C18H36O2 0.78268 87.6

36 1412.5 Decanedioic acid, dibutyl ester 314 C18H34O4 0.51516 89.5

37 1423.9 Dodecanamide 199 C12H25NO 0.42652 80.7

38 1451.9 cis-9,10-Epoxyoctadecan-1-ol 284 C18H36O2 0.15911 85.7

39 1462 1-Octadecyne 250 C18H34 0.19828 79.5

40 1465.1 cisZ-11,12-Epoxytetradecan-1-ol 228 C14H28O2 0.2618 77.9

41 1473.5 Cyclopentane, heneicosyl- 364 C26H52 0.12349 73.9

42 1473.7 1-Hexadecanol 242 C16H34O 0.12349 70.2

43 1493.9 Oxirane, tetradecyl- 240 C16H32O 0.15779 79.4

44 1511.2 4,8,12,16-Tetramethylheptadecan-4-olide 324 C21H40O2 0.21983 92.4

45 1515.8 9-Octadecenamide, (Z)- 281 C18H35NO 1.344 87.8

46 1524.9 trans-Farnesol 222 C15H26O 0.14699 72.9

47 1527.7 Dodecanamide 199 C12H25NO 0.43441 88.9

48 1602.9 Bis(2-ethylhexyl) phthalate 390 C24H38O4 0.12006 90.3

49 1690.6 1,4-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester 390 C24H38O4 0.058469 77.0

50 1706.1 9-Octadecenamide, (Z)- 281 C18H35NO 0.53898 86.6

51 1724.1 Squalene 410 C30H50 0.38526 92.2

52 1823.9  γ-Tocopherol 416 C28H48O2 0.002837 79.0

53 1855.2 Cholesta-4,6-dien-3-ol, (3á)- 384 C27H44O 0.37283 75.3

54 1876.7 DL-α-Tocopherol 430 C29H50O2 0.13892 850

55 1879.7 26-Nor-5-cholesten-3á-ol-25-one 386 C26H42O2 0.57127 74.8

56 1948.7 5-Cholestene-3-ol, 24-methyl- 400 C28H48O 0.37861 70.3

57 1970.4 Stigmasterol 412 C29H48O 0.2277 81.6

58 2015.5 á-Sitosterol 414 C29H50O 4.7134 89.3
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an absorptive surface for the bioactive ingredients in the 
feed additives. 

In another study by Pinto [39], it was demonstrated 
that these cells, upon diff erentiation, expressed several 
morphological and biochemical characteristics of small 
intestinal enterocytes. In order to reduce the use of exper-
imental animals for toxicity testing, the Caco-2 cell model 
has been considered for the development of alternative in 
vitro toxicity tests. Moreover, the gastrointestinal tract can 
be a direct target for several toxicants. The extracts with 
LC50 > 0.1 mg/ml are considered not cytotoxic [40]. Two 
cell lines were evaluated in this study since it may be mis-
leading to determine the safety and utility of a plant extract 
using just one.

Similar to our fi ndings, Sowemimo et al. [41] reported 
that the ethanol extract of F. exasperata was not toxic to 
brine shrimps and rat lymphocyte chromosomes with no 
inhibition in the telomerase activity. Likewise, Bafor and 
Igbinuwen [42] observed no toxicity on the haematologi-
cal parameters and changes in physiological activity after 
oral and intraperitoneal administration of the aqueous ex-
tract in mice during the acute toxicity test.

Kudumela et al. [43] and McGaw et al. [44] reported 
that SI values greater than or equal to 10 are preferred; 

 Fig. 2. GC-MS chromatogram of methanolic extract of F. exasperata
(1) 9-Octadecen-1-ol (24.52%),  (2) Cyclohexene,3-propyl- (12.39%), (3) 1-Hexadecanol (12.26%), (4) Hexadecen-1-ol,trans-9- (8.60%), (5) 

á-Sitosterol (4.71%),  (6) n-Hexadecanoic acid (3.46%, (7) Phytol (2.35%), (8) 9-Octadecenamide,(Z)- (1.34%), (9) aR-Turmerone (1.08%) and (10) 
n-Tridecan-1-ol (1.08%).

however SI above 1 is an indication that the biological 
activity of the plant extracts is higher than their cellular 
toxicity. The higher the SI values, the safer the extracts. 
Therefore, the methanol extract is the safest of all the test-
ed extracts.

Similarly, it has been reported that cell line sensitivity 
in Caco-2 cells decreased progressively from more distal 
regions of the gastrointestinal tract: gastric > duodenal > 
ileal > colonic, although further study would be required 
to determine whether this is a phenomenon that might be 
relevant to intestinal uptake rates [37].

Genotoxicity
For an extract to be genotoxic, the number of rever-

tant colonies should be equal to or greater than twice the 
average of the negative control and a clear dose-depend-
ent response should be observed for the various concen-
trations tested [23]. The methanol extract was not toxic 
to S. typhimurium TA98 and TA100, though it showed a 
dose-dependent response against S. typhimurium TA100. 
Our fi ndings in this study are similar to those of Satish et 
al. [45], they reported that Ficus benghalensis stem bark 
exhibited non-toxicity in S. typhimurium strains against 
induced mutagenicity of sodium azide (NaN3).
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Flavonoids have been reported to possess significant 
antimutagenic activity, such as glaberene, quercetin, myri-
cetin, kaempferol, and hesperidin [46]. Natural antimuta-
gens from edible and medicinal plants are of particular 
importance because they may be useful for human cancer 
prevention [47].

Gas Chromatography-Mass Spectrometry (GC-MS)
The solvent used for the extraction [48] and the sea-

sonal variation and soil type [49] are among the determin-
ing factors for the chemical composition of a plant. It has 
been reported that phenolic compounds are more soluble 
in highly polar solvents, such as methanol [50]. Methanol 
extract from this current study had better antibacterial ac-
tivity across all the tested pathogens and was industrial-
ly relevant and the safest among the tested extracts with 
good total antibacterial activity (TAA). In addition, it has 
the highest selectivity index (SI) against Vero and Caco-2 
mammalian cells.

Therefore, the methanol extract of F. exasperata was 
chosen for analysis using Gas Chromatography-Mass 
Spectrometry (GC-MS); it reveals the presence of several 
bioactive compounds with notable antimicrobial and an-
tioxidant activities and, in some cases, anticancer activi-
ties. Among the most abundant compounds identified are 
9-Octadecen-1-ol which has demonstrated antimicrobial 
activity as reported by Mugayi and Mukanganyame [51], 
suggesting its potential role in the inhibitory effect of the 
extract against microbial pathogens. Cyclohexene, 3-pro-
pyl- was previously identified in the essential oil of Cype-
rus articulates; this compound exhibited significant anti-
microbial (antibacterial and antifungal) and antioxidant 
activities against a wide range of pathogens, including E. 
coli, Klebsiella pneumoniae, Bacillus subtilis, Aspergillus 
flavus, and Trichoderma harzianum [52], indicating its 
broad-spectrum bioactivity. 

1-Hexadecanol was known for its antimicrobial and 
antioxidant properties; its compound supports the poten-
tial of the methanol extract of F. exasperata in combating 
oxidative stress and microbial infections [53]. Hexade-
cen-1-ol, trans-9- was identified in Indigofera longerace-
mosa; this compound showed specific antimicrobial activ-
ity with agar disc diffusion, particularly against fish path-
ogens such as Aeromonas hydrophila (3 ± 0.2 mm) and 
Aeromonas sobria (9 ± 0.1 mm), although it was inactive 
against Vibrio harveyi [54]. Its presence in F. exasperata 

suggests selective antimicrobial capabilities. The α-Sitos-
terol was detected in the methanol extract of Heliotropium 
bacciferum Forssk, this compound has been widely report-
ed for its antibacterial and antifungal effects [55].

Generally, these compounds highlight the multifaceted 
therapeutic potential of the methanol extract of F. exasper-
ate, especially its antimicrobial and antioxidant properties. 
Their individual and synergistic actions could explain the 
biological efficacy of the extract and support its possible 
use in pharmaceutical or feed additive formulations target-
ing microbial infections and oxidative stress.

CONCLUSION

This study demonstrated the antibacterial potential 
of F. exasperata leaf extracts against antibiotic-resistant 
Campylobacter species and E. coli. The methanol extract 
showed superior efficacy, low cytotoxicity, high selectivity 
indices, and no mutagenic effects, indicating good safety. 
Alhough the aqueous extract had higher total antibacteri-
al activity, it was less biologically robust overall. Clini-
cal isolates were more susceptible than reference strains, 
highlighting practical relevance. GC-MS analysis identi-
fied 9-Octadecen-1-ol as the dominant compound likely 
contributing activity. Despite in vitro limitations, the meth-
anol extract showed promise as a phytogenic feed additive, 
warranting further in vivo and formulation studies.
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ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA) remains a critical 
global health concern due to its extensive resistance to β-lactam antibiotics 
and zoonotic transmission potential. However, data on MRSA carriage 
among camels in Nigeria are scarce. This study investigated nasal colo-
nization of Staphylococcus aureus and MRSA among apparently healthy 
dromedary camels in Kebbi State, Nigeria. A cross-sectional study was 
conducted in two pastoral communities, where 120 nasal swabs were 
collected. Conventional culture and biochemical tests were used for pre-
liminary identifi cation, while PCR detection targeted the nuc and mecA
genes. Antimicrobial susceptibility testing was performed using the Kir-
by-Bauer disk diff usion method. Overall, 66.7% (80/120) of samples were 
positive for S. aureus, while 38.3% (46/120) were confi rmed as MRSA. 
Prevalence was signifi cantly higher (p < 0.05) in young (80%) and female 
(70%) camels compared to adults (53.3%) and males (63.3%). All MRSA 
isolates carried the mecA gene and showed multidrug resistance, with 
high resistance to penicillin, tetracycline, erythromycin, chloramphenicol, 
and gentamicin, whereas all isolates remained susceptible to vancomycin. 
This study provides the fi rst molecular evidence of MRSA colonization in 
dromedary camels in Nigeria, highlighting the need for routine surveil-
lance and prudent antimicrobial use within a One Health framework.

Keywords: dromedary camels; Kebbi; methicillin-resistant Staphylo-
coccus aureus; Nigeria; Staphylococcus aureus
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INTRODUCTION

Camels play a vital role in the socio-economic fabric of 
pastoralist communities across arid and semi-arid regions 
of Nigeria, serving as crucial sources of food, transport, 
and income [1]. Dromedary camels, often referred to as 
the “ships of the desert,” are uniquely adapted to harsh 
climatic conditions where other livestock species strug-
gle to thrive [2]. Their increasing use for milk, meat, and 
even traditional medicine such as camel milk and urine 
for their purported therapeutic value has amplified their 
significance in food security and livelihoods [3]. Recog-
nizing these contributions, the Food and Agriculture Or-
ganization (FAO) declared 2024 as the International Year 
of the Camel, underscoring the species’ global relevance 
in climate resilience and sustainable food production [4].

Despite their importance, camels can serve as asymp-
tomatic reservoirs for zoonotic pathogens, including 
Staphylococcus aureus and its methicillin-resistant variant 
(MRSA) [5]. MRSA poses a major global health threat 
due to its resistance to β-lactam antibiotics and its capacity 
for cross-species transmission, complicating both human 
and veterinary treatments [6, 7]. In livestock systems, par-
ticularly among pastoralists, limited biosecurity measures 
and frequent animal-human interactions increase the risk 
of MRSA circulation within and between species [8]. In 
Nigeria, the rapid expansion of camel husbandry and the 
growing demand for camel-derived products necessitate 
stronger surveillance of zoonotic and antimicrobial-resist-
ant pathogens [9]. However, MRSA has been documented 
in Nigerian livestock such as poultry, cattle and pigs [10]; 
data on camels are limited. Although a study of camels 
slaughtered at Kano abattoir reported MRSA occurrence 
[11], most Nigerian studies of camels have used pheno-
typic approaches and molecular data remain scarce; mo-
lecular detection of MRSA in camels has, however, been 
demonstrated in neighbouring countries like Algeria [12], 
highlighting an important knowledge gap for camels in 
Nigeria given the increasing cross-border movement and 
trade of camels in north-western Nigeria.

This study therefore aimed to detect and character-
ize Staphylococcus aureus isolates, including methicil-
lin-resistant strains, among apparently healthy dromedary 
camels in Kebbi State, Northwestern Nigeria, using both 
phenotypic and molecular methods. To the best of our 
knowledge, it provides the first molecular evidence of 

MRSA carriage in Nigerian camels and underscores the 
public health significance of antimicrobial resistance at the 
livestock-human interface. The findings are expected to in-
form One Health-based strategies for antimicrobial resist-
ance surveillance, biosecurity enhancement, and prudent 
antimicrobial use in pastoral production systems.

MATERIALS AND METHODS

Study Area
The study was conducted in Argungu Local Government 

Area (LGA) of Kebbi State, Northwestern Nigeria (Fig. 1), 
located at latitude 11°26′6.79″ N and longitude 5°14′5.78″ 
E. Argungu serves as the administrative headquarters of the 
Argungu Emirate and shares an international border with 
the Republic of Niger. The area is predominantly agrarian, 
with extensive agricultural lands, fertile soils, and abundant 
rivers that support mixed farming and livestock rearing. 
According to the 2006 National Population Census, Argun-
gu has a population of 24,338, mainly from the Arawa and 
Hausa ethnic groups, with Islam as the major religion. This 
LGA hosts a major camel market that attracts traders and 
pastoralists from both within and outside Nigeria. Its prox-
imity to an international animal control post and seasonal 
transhumance activities makes it a suitable site for the epi-
demiological surveillance of transboundary zoonotic patho-
gens, including Staphylococcus aureus and MRSA.

Study Design and Sample Size Determination
A cross-sectional study was conducted between March 

and May 2024 to estimate the prevalence of S. aureus and 
MRSA in dromedary camels. The sample size was deter-
mined using the formula of Thrusfield [13]:

where t = 1.96 (for 95% confidence), Pexp = 5% (esti-
mated prevalence from Yusuf [11]), and d = 0.05 (desired 
precision). The calculated minimum sample size was 73, 
but this was increased to 120 to enhance statistical preci-
sion and account for potential non-responses.

Sample Collection
Nasal swabs were collected from 120 apparently 

healthy camels randomly selected from two pastoral com-
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munities (Community A and Community B). Each com-
munity contributed 60 samples, stratifi ed equally by sex 
(30 males, 30 females) and age group (15 young, 15 adults 
per sex). Camels were humanely restrained, and sterile 
commercial cotton swabs were gently inserted 5–10 cm 
into the anterior nares and rotated along the mucosal sur-
face for 5–10 seconds. Each swab was placed in 5 mL of 
tryptic soy broth supplemented with 6.5% NaCl, transport-
ed in an ice box, and processed within 6 hours at the Cen-
tral Research Laboratory, Faculty of Veterinary Medicine, 
Usmanu Danfodiyo University, Sokoto. However, camels 
in the study area are managed under extensive pastoral 
systems with frequent informal and undocumented anti-
microbial use, so reliable individual treatment histories 
were unavailable. Consequently, apparently healthy cam-
els were sampled irrespective of prior antibiotic exposure.

Bacteriological Isolation and Identifi cation
Samples were cultured on 5% horse blood agar and 

incubated aerobically at 37 °C for 24 hours. Colonies pre-
sumptively identifi ed as Staphylococcus spp. were charac-
terized based on morphology and Gram staining. Typical 

colonies were sub-cultured on Mannitol Salt Agar (Ox-
oid, Basingstoke, UK) and re-incubated at 37 °C for 24 
hours. Isolates showing smooth, golden-yellow colonies 
were further tested biochemically using catalase and co-
agulase tests. Confi rmatory identifi cation of S. aureus was 
achieved through PCR amplifi cation of the thermostable 
nuclease (nuc) gene.

Phenotypic Detection of MRSA
Presumptive S. aureus isolates were inoculated on Ox-

acillin Resistance Screening Agar Base (ORSAB, Oxoid) 
to determine methicillin resistance phenotypically. Colo-
nies that appeared intense blue on a colorless background 
were considered presumptive MRSA.

Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing (AST) was per-

formed using the Kirby-Bauer disk diff usion method on 
Mueller-Hinton agar (Oxoid, Manchester, UK), following 
Clinical and Laboratory Standards Institute (CLSI) guide-
lines [14]. A bacterial suspension equivalent to the 0.5 
McFarland standard was spread uniformly on agar plates, 

Fig. 1. A map of Nigeria showing the Kebbi states and Argungu LGA, where samples were collected (designed using QGIS, version 3.44.0)
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and antibiotic discs were placed aseptically on the surface. 
Plates were incubated at 37 °C for 18 hours, and inhibi-
tion zones were measured in millimeters. The antibiotic 
panel included: Aztreonam (30 µg), Cefotaxime (30 µg), 
Amoxicillin-clavulanic acid (30 µg), Ceftazidime (30 µg), 
Ceftriaxone (30 µg), Trimethoprim-sulfamethoxazole (25 
µg), Chloramphenicol (30 µg), Tetracycline (30 µg), Gen-
tamicin (10 µg), Kanamycin (30 µg), Ampicillin (10 µg), 
Ofloxacin (5 µg), Imipenem (10 µg), Erythromycin (15 
µg), and Vancomycin (30 µg). Quality control was ensured 
using Staphylococcus aureus ATCC 25923 as a reference 
strain obtained from the American type culture collection 
(ATCC) through the Central Research Laboratory, Faculty 
of Veterinary Medicine, Usmanu Danfodiyo University, 
Sokoto. The measured inhibition zone diameters were in-
terpreted and categorized as susceptible, intermediate, or 
resistant in accordance with the Clinical and Laboratory 
Standards Institute (CLSI) performance standards for anti-
microbial susceptibility testing [14].

Multiple Antibiotic Resistance Index (MARI)
The MARI of each isolate was determined as described 

by Furtula [15]:

Values above 0.2 indicate isolates originating from en-
vironments with high antimicrobial use pressure.

Genomic DNA Extraction
Genomic DNA was extracted using the boiling method 

[16]. Briefly, a loopful of fresh overnight culture was sus-
pended in 100 µL of sterile distilled water, heated at 96 °C 
for 10 min, and centrifuged at 12,000 × g for 5 min. The 
supernatant containing DNA was transferred to a sterile 
tube and stored at 4 °C until PCR analysis.

PCR Detection of the nuc and mecA Genes
PCR amplification was performed in 25 µL reaction 

mixtures containing 12.5 µL of 2× Master Mix (Qiagen), 
1 µL (0.2 µM) each of forward and reverse primers (Table 
1), 5 µL of DNA template, and 5.5 µL of nuclease-free 
water. The amplification program consisted of an initial 
denaturation at 94 °C for 5 min, followed by 35 cycles of 
denaturation at 94 °C for 1 min, annealing (nuc: 55 °C; 
mecA: 57 °C) for 1 min, extension at 72 °C for 1 min, 
and final extension at 72 °C for 7 min. PCR products were 

electrophoresed in 1.5% agarose gel stained with ethidium 
bromide and visualized under UV illumination. Positive 
controls (S. aureus ATCC 43300 for mecA and S. aureus 
ATCC 25923 for nuc, obtained from the American Type 
Culture Collection (ATCC) through the Central Research 
Laboratory, Faculty of Veterinary Medicine, Usmanu Dan-
fodiyo University, Sokoto) and a negative control (PCR-
grade water) were included in each run.

Table 1. Primers used for the study

Gene 
name Primer Sequence

Band 
Size 
(bp)

Reference

Nuc- F 5’- GCGATT GAT GGT GAT ACG GTT-3’ 270 [24]

Nuc- R 5’-AGCCAAGCCTTGACGAACTAAAGC-3’

Mec- F 5’- AAAATCGATGGTAAAGTTGGC-3’ 533 [24]

Mec- R 5’-AGTTCTGCAGTACCGGATTTGC-3’

Data Analysis
Data were entered and analyzed using Microsoft Excel 

(version 2016) and InVivoStat (version 4.1). Descriptive 
statistics were used to compute prevalence and proportions. 
Associations between MRSA carriage and host factors (age, 
sex, and community) were tested using the Chi-square test 
at p < 0.05. Measures of association were expressed as odds 
ratios (ORs) with 95% confidence intervals (CIs).

RESULTS

Nasal Carriage of Staphylococcus aureus and MRSA 
in Dromedary Camels

Out of 120 nasal swabs examined, 66.7% (80/120) yield-
ed Staphylococcus aureus based on culture, biochemical, and 
PCR confirmation of the nuc gene (Table 2). The overall prev-
alence of MRSA, confirmed by phenotypic growth on ORS-
AB and detection of the mecA gene, was 38.3% (46/120). 
The prevalence of S. aureus and MRSA varied across the two 
pastoral communities sampled. Community A recorded S. au-
reus in 60% (36/60) of camels and MRSA in 33.3% (20/60), 
whereas Community B recorded S. aureus in 73.3% (44/60) 
and MRSA in 43.3% (26/60) (Table 2). The difference in S. 
aureus carriage between communities was statistically signif-
icant (χ² = 6.79, p = 0.01), while MRSA occurrence did not 
differ significantly (χ² = 3.15, p = 0.08). Age- and sex-related 
differences were observed (Table 2). Younger camels showed 
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significantly higher colonization rates for both S. aureus 
(80%) and MRSA (53.3%) compared to adults (53.3% and 
23.3%, respectively; p < 0.001). Similarly, females had high-
er prevalence rates for S. aureus (70%) and MRSA (46.7%) 
than males (63.3% and 30%; p < 0.05) (Table 2). These find-
ings indicate that young and female camels were more likely 
to be colonized by S. aureus and MRSA.

Molecular Confirmation of nuc and mecA Genes
PCR amplification confirmed all phenotypically iden-

tified S. aureus isolates as nuc-positive, generating the ex-
pected 270 bp amplicon (Fig. 2). Similarly, all 46 MRSA 
isolates carried the mecA gene (533 bp), validating their 
methicillin resistance (Fig. 3). No amplification was ob-
served in negative controls.

Antimicrobial Resistance Profiles of MRSA
All MRSA isolates exhibited resistance to at least three 

classes of antibiotics, confirming their multidrug-resistant 
(MDR) status. The highest resistance frequencies were 
observed against penicillin (100%), ampicillin-sulbactam 
(100%), tetracycline (100%), chloramphenicol (100%), 
gentamicin (100%), erythromycin (100%), and kanamy-
cin (100%). Moderate resistance was observed to cefotax-
ime (78.3%), ceftriaxone (65.2%), and ofloxacin (56.5%), 
while all isolates remained susceptible to vancomycin 
(Fig. 4).

Multiple Antibiotic Resistance Index (MARI)
Table 3 summarizes the antibiotic resistance patterns 

and multiple antibiotic resistance index (MARI) of MRSA 

isolates recovered from dromedary camels. All MRSA iso-
lates (46/46; 100%) were multidrug resistant, exhibiting 
resistance to three or more classes of antibiotics. Resist-
ance consistently involved β-lactams (penicillin, ampicil-
lin-sulbactam, amoxicillin–clavulanic acid, ceftriaxone), 
tetracyclines (tetracycline), aminoglycosides (gentamicin, 
kanamycin, amikacin, neomycin), macrolides (erythromy-
cin), phenicols (chloramphenicol), and fluoroquinolones 
(ofloxacin), with some isolates also resistant to carbapen-
ems (imipenem).

Although all isolates were classified as multidrug re-
sistant, their resistance profiles were heterogeneous. Five 
distinct MDR patterns were identified, differing in both the 

Table 2. Prevalence of Staphylococcus aureus and MRSA among dromedary camels in Argungu, Kebbi State

Variable No. sampled S. aureus positive (%) MRSA positive (%) χ² p-value

Community

A 60 36 (60.0) 20 (33.3) 6.79 0.01*

B 60 44 (73.3) 26 (43.3) 3.15 0.08

Age group

Young 60 48 (80.0) 32 (53.3) 12.22 <0.001***

Adult 60 32 (53.3) 14 (23.3)

Sex

Female 60 42 (70.0) 28 (46.7) 8.11 0.005**

Male 60 38 (63.3) 18 (30.0)

Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001, χ²: Chi-square.

Fig. 3. Agarose gel electrophoresis showing amplification of the 
mecA gene (533 bp) from MRSA isolates using a 100 bp DNA lad-
der. (Lane legends: L = 100 bp DNA marker; +VE = positive con-

trol; -VE = negative control)

Fig. 2. Agarose gel electrophoresis showing amplification of the 
nuc gene (270 bp) from S. aureus isolates using a 100 bp DNA 

ladder. (Lane legends: L = 100 bp DNA marker; +VE = positive 
control; -VE = negative control)
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number and combination of antibiotic classes involved. 
The most frequent pattern, observed in 20 isolates, includ-
ed resistance to β-lactams, tetracyclines, aminoglycosides, 
macrolides, phenicols, and fluoroquinolones, yielding a 
MARI value of 0.67. Other isolates exhibited narrower but 
still extensive resistance spectra, with MARI values rang-
ing from 0.60 to 0.73. All resistance patterns were derived 
from antibiotics tested in this study, indicating that multi-
drug resistance was not limited to a single antimicrobial 
class or fixed resistance phenotype but reflected diverse 
exposure histories and selective pressures within the study 
population. The most common resistance patterns includ-
ed PEN-AMS-TET-CHL-ERY-KAN-GEN-AMC-NEO-
OFL (n = 20) and PEN-AMS-TET-CHL-ERY-KAN-GEN-
NEO-AMK (n = 14).

Table 3. Antibiotic Resistance Patterns and MARI of MRSA Iso-
lates

Resistance pattern No. of 
isolates MARI

PEN-AMS-TET-CHL-ERY-KAN-GEN-AMC-NEO-OFL 20 0.67

PEN-AMS-TET-CHL-ERY-KAN-GEN-NEO-AMK 14 0.60

PEN-AMS-TET-CHL-ERY-KAN-GEN-AMC-IMP-CRO-OFL 5 0.73

PEN-AMS-TET-CHL-ERY-KAN-GEN-IMP-CRO 4 0.60

PEN-AMS-TET-CHL-ERY-KAN-GEN-IMP-OFL-AMK 3 0.67
PEN = Penicillin; AMS = Ampicillin-sulbactam; TET = Tetracycline; CHL 
= Chloramphenicol; ERY = Erythromycin; KAN = Kanamycin; GEN = 
Gentamicin; AMC = Amoxicillin-clavulanic acid; NEO = Neomycin; OFL = 
Ofloxacin; AMK = Amikacin; IMP = Imipenem; CRO = Ceftriaxone.

DISCUSSION

Antimicrobial resistance (AMR) continues to threaten 
global health, food security, and animal production sys-
tems, particularly in developing countries where antibiotic 
use is often unregulated [17]. The nasal cavity of camels 
harbors a diverse and dynamic microbial community that 
plays a critical role in respiratory health and microbial 
colonization. Previous studies in camels and other live-
stock species have demonstrated that the nasal microflora 
is predominantly composed of commensal Gram-positive 
bacteria, including coagulase-negative staphylococci, Mi-
crococcus spp., Corynebacterium spp., and Bacillus spp., 
with Staphylococcus aureus commonly occurring as both 
a commensal and opportunistic pathogen [5, 18]. In ad-
dition, Gram-negative bacteria such as Pasteurella and 
other respiratory-associated organisms have been reported 
in camels, particularly under conditions of environmental 
stress, crowding, and exposure to dust typical of arid and 
semi-arid pastoral systems [18, 21].

The composition of this nasal microbial ecosystem in-
fluences the ability of S. aureus, including methicillin-re-
sistant strains, to establish and persist within the host. 
Commensal bacteria may competitively inhibit pathogenic 
colonization through competition for adhesion sites and 
nutrients; however, disruption of this balance by antimi-
crobial exposure or management-related stressors can fa-
cilitate MRSA carriage [5, 6]. In pastoral camel production 
systems, factors such as close animal-to-animal contact, 

Fig. 4. Antimicrobial resistance profile of MRSA isolates from camel nasal swabs, showing percentage resistance to tested antibiotics (n = 15)
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shared watering points, frequent human handling, and 
unregulated antimicrobial use are likely to alter the nasal 
microflora and create selective pressure favoring multid-
rug-resistant organisms [8, 22].

The detection of MRSA in apparently healthy camels 
in the present study therefore reflects not only antimicro-
bial selection pressure but also ecological shifts within 
the nasal microflora that permit resistant strains to persist 
asymptomatically. Such silent carriage is epidemiological-
ly important, as colonized camels may serve as reservoirs 
for onward transmission to humans, other livestock spe-
cies, and the environment, consistent with previous One 
Health observations of livestock-associated MRSA [6, 23].

Beyond direct animal-to-animal and human-to-ani-
mal contact, the environment plays a critical role in the 
transmission and maintenance of Staphylococcus aureus, 
including methicillin-resistant strains, within pastoral 
production systems. S. aureus is well recognized for its 
ability to survive for prolonged periods on abiotic surfac-
es such as soil, dust, bedding materials, watering troughs, 
feeding equipment, and animal housing structures, thereby 
facilitating indirect transmission through environmental 
contamination [5, 6]. In arid and semi-arid regions such 
as Northwestern Nigeria, frequent exposure of camels to 
dust-laden environments, communal resting grounds, and 
shared watering points creates ideal conditions for the 
persistence and dissemination of environmentally derived 
staphylococci.

Environmental contamination is further amplified by 
the continuous shedding of S. aureus from colonized but 
clinically healthy animals through nasal secretions, skin 
contact, and faecal material. These organisms can accu-
mulate in the surrounding environment and subsequently 
be reintroduced into susceptible hosts via inhalation of 
contaminated dust particles, direct contact with contam-
inated surfaces, or indirect transfer through handlers and 
husbandry tools [6, 8]. Such transmission pathways are 
particularly relevant in extensive pastoral systems, where 
biosecurity measures are minimal and animals from mul-
tiple herds frequently congregate at grazing fields, mar-
kets, and watering sites. The environment also acts as an 
important ecological interface for the selection and spread 
of antimicrobial-resistant S. aureus. Antibiotic residues in-
troduced into soil and water through improper disposal of 
veterinary drugs, excreta from treated animals, and runoff 
from livestock holding areas can exert selective pressure 

on environmental bacterial populations, promoting the sur-
vival of resistant strains and resistance genes [7, 9]. These 
resistant organisms may subsequently colonize camels, 
contributing to the high prevalence of multidrug-resistant 
S. aureus observed in the present study. This mechanism is 
consistent with previous One Health observations that link 
environmental antimicrobial contamination with increased 
resistance burdens in livestock and humans [6, 7].

Environmental transmission blurs the distinction be-
tween community-associated, livestock-associated, and 
environmentally maintained S. aureus strains. Camels may 
therefore function not only as reservoirs but also as am-
plifiers of environmentally acquired S. aureus, sustaining 
a cycle of contamination between animals, humans, and 
shared ecosystems [6, 23]. The detection of MRSA in ap-
parently healthy camels underscores the epidemiological 
significance of this pathway, as asymptomatic carriers can 
perpetuate environmental contamination without trigger-
ing disease-based control measures.

The present study provides the first molecular evidence 
of methicillin-resistant Staphylococcus aureus (MRSA) 
colonization in apparently healthy dromedary camels in 
Nigeria, revealing a high prevalence and multidrug-re-
sistant (MDR) phenotype. These findings underscore the 
growing risk of AMR dissemination at the human–live-
stock interface in pastoral settings. The 66.7% prevalence 
of S. aureus observed in this study is higher than previ-
ously reported among dromedary camels in Kano, Nigeria 
(14%; [11]) and other African and Middle Eastern studies, 
including Tunisia (6.6%; [18]), Egypt (17.9%; [19]), Sau-
di Arabia (10.7%; [20]), and Ethiopia (38.5%; [21]). Such 
variation may be attributed to differences in sample size, 
husbandry systems, hygienic practices, and antibiotic use 
intensity. The high prevalence recorded here likely reflects 
limited biosecurity and close human–animal contact typi-
cal of nomadic and transhumant camel-herding systems in 
Northwestern Nigeria. Similarly, the MRSA prevalence of 
38.3% is markedly higher than earlier reports from Nigeria 
(5%; [11]), Egypt (6.8%; [19]), and Saudi Arabia (1.6%; 
[20]). This discrepancy could arise from differences in 
detection sensitivity (molecular versus phenotypic meth-
ods), the extent of antimicrobial exposure, or ecological 
and management factors influencing pathogen transmis-
sion. Frequent self-medication of camels with broad-spec-
trum antibiotics, unregulated use of veterinary drugs, and 
environmental contamination may contribute to the high 
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MRSA burden in this study area [22]. The significantly 
higher colonization rates among younger and female cam-
els may reflect immunological and physiological factors. 
Young animals are immunologically naïve and more sus-
ceptible to bacterial colonization, while females, especial-
ly lactating ones, are more frequently handled and medi-
cated, potentially increasing exposure to resistant strains 
[18, 23]. Furthermore, close animal grouping during milk-
ing or watering could facilitate nasal MRSA transmission 
through aerosols or fomites.

The high resistance rates of MRSA isolates to com-
monly used antibiotics such as tetracycline, erythromy-
cin, chloramphenicol, gentamicin, and penicillin mirror 
findings in livestock from the same region [23, 24]. These 
antimicrobials are extensively used in both veterinary and 
human medicine in Northwestern Nigeria, often without 
prescription, promoting selection pressure and horizontal 
gene transfer of resistance determinants. The detection of 
complete susceptibility to vancomycin is reassuring, as it 
remains a critical “last-resort” drug for MRSA infections 
[7]. However, its exclusive reliance could precipitate re-
sistance if misuse extends to veterinary applications. The 
Multiple Antibiotic Resistance Index (MARI) > 0.3 re-
corded in this study indicates substantial and sustained 
exposure of these bacterial populations to antimicrobial 
agents, consistent with reports from intensive livestock 
production systems [15]. The presence of multidrug resist-
ance in S. aureus can be partly attributed to the acquisition 
of mobile genetic elements such as plasmids, transposons, 
and staphylococcal cassette chromosome mec (SCCmec) 
that carry resistance genes [25]. All MRSA isolates in this 
study harbored the mecA gene, confirming the molecular 
basis for their phenotypic resistance to β-lactam antibiotics 
and supporting earlier observations that phenotypic resist-
ance strongly correlates with mecA carriage [26].

The detection of MRSA in apparently healthy camels 
highlights the potential for zoonotic transmission to pasto-
ralists, herders, traders, and abattoir workers through di-
rect contact or contaminated milk and meat. This finding 
is of particular concern in regions like Kebbi State, where 
veterinary infrastructure is limited and humans frequently 
share close environments with livestock. MRSA strains of 
livestock origin (LA-MRSA) have previously been report-
ed to colonize humans, blurring the distinction between 
hospital, community, and animal-associated strains [6]. 
From a One Health perspective, this study reinforces the 

interconnectedness of animal health, human health, and 
environmental contamination in sustaining the AMR cy-
cle. Antibiotic residues in the environment, combined with 
poor hygiene and unrestricted access to antimicrobials, 
create selective conditions for resistant bacteria to thrive. 
Implementing integrated surveillance and antimicrobial 
stewardship programs, particularly within transboundary 
livestock corridors, is essential to prevent further dissemi-
nation of MRSA and other resistant pathogens.

CONCLUSION

This study provides the first molecular evidence of 
methicillin-resistant Staphylococcus aureus (MRSA) col-
onization among apparently healthy dromedary camels in 
Nigeria, revealing a high prevalence and extensive mul-
tidrug resistance pattern. The universal detection of the 
mecA gene among isolates confirms the molecular basis 
for methicillin resistance and suggests that camels may 
serve as important reservoirs and potential disseminators 
of resistant S. aureus strains within pastoral ecosystems. 
The high multiple antibiotic resistance index observed re-
flects substantial and sustained exposure of camel-associ-
ated bacterial populations to antimicrobial agents, likely 
resulting from unregulated antibiotic use and weak veteri-
nary oversight. These findings have significant One Health 
implications, emphasizing the potential for cross-species 
transmission of MRSA between camels and humans, espe-
cially in pastoral communities where close animal contact 
and limited biosecurity are common.

The results of this study highlight the urgent need for 
continuous surveillance of MRSA in livestock popula-
tions, stricter antimicrobial stewardship, and strengthened 
collaboration between human and animal health sectors. 
Integrating molecular epidemiological approaches into 
national antimicrobial resistance monitoring frameworks 
will be vital for tracking transmission dynamics and in-
forming control strategies. By establishing a molecular 
baseline for MRSA in camels, this study contributes val-
uable insights to the growing body of knowledge on zo-
onotic antimicrobial resistance in sub-Saharan Africa and 
highlights the necessity of adopting a unified One-Health 
approach to protect both animal and public health.
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Study Limitations

The sample was restricted to two pastoral communi-
ties within a single LGA, which may not fully represent 
the broader camel population in Nigeria. Additionally, the 
absence of molecular typing methods such as spa-typing, 
SCCmec typing, or multi-locus sequence typing (MLST) 
limited the ability to infer genetic relatedness or potential 
human-animal transmission. Future studies incorporating 
genomic epidemiology and comparative host sampling 
(camels, handlers, and the environment) are warranted to 
elucidate MRSA transmission dynamics.
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ABSTRACT

Bacterial pathogens such as Escherichia coli and Salmonella spp. are 
widely reported in food-producing animals in Nigeria and contribute to an-
imal disease, food contamination, and public health risk. However, evidence 
on their prevalence and antimicrobial resistance (AMR) patterns remains 
fragmented. This study systematically reviewed and meta-analyzed studies 
published between January 2000 and March 2025 on bacterial prevalence 
and resistance profi les in food-producing animals and related products in Ni-
geria. Data on pathogen type, host species, sample source, and antimicrobial 
susceptibility were extracted. Pooled prevalence estimates were calculated 
using random-eff ects meta-analysis (REML), and heterogeneity was assessed 
using Cochran’s Q and I² statistics. Thirty-two studies met the inclusion crite-
ria. E. coli and Salmonella spp. were the most frequently reported pathogens 
and exhibited substantial multidrug resistance (resistance to ≥3 antimicro-
bial classes), particularly to tetracyclines, fl uoroquinolones, sulphonamides, 
and β-lactams. The pooled prevalence of bacterial detection was 25% (95% 
CI: 14%–41%), with high heterogeneity (I² = 96.9%). Higher prevalence was 
observed in poultry systems, and meta-regression indicated that sample size 
signifi cantly infl uenced prevalence estimates. These fi ndings highlight a sub-
stantial burden of resistant bacteria in food-animal systems and underscore 
the need for strengthened antimicrobial stewardship, improved surveillance, 
and coordinated One Health interventions in Nigeria.

Key words: antimicrobial resistance; Escherichia coli; food animals; 
meta-analysis; One Health; Salmonella; surveillance
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INTRODUCTION

Bacterial pathogens of major importance to food-ani-
mal production in Nigeria—particularly Salmonella spp., 
Escherichia coli, Campylobacter spp. and several oth-
ers—have been widely reported in poultry, cattle, swine, 
and small ruminants across diverse regions of the country 
[1–7]. These organisms contribute not only to poor animal 
health, reductions in productivity, and increased econom-
ic losses for farmers but also to substantial challenges in 
veterinary clinical management [1, 3]. Rising antibiotic 
resistance has made the treatment of these infections in-
creasingly difficult, with multiple studies documenting 
resistance to commonly used antibiotics, such as tetracy-
clines, fluoroquinolones, β-lactams, and aminoglycosides 
[2, 3, 5, 8]. Reports from several parts of Nigeria have con-
sistently described multidrug-resistant E. coli and Salmo-
nella serovars, including extended-spectrum β-lactamase 
(ESBL)-producing isolates, recovered from farm environ-
ments, slaughter facilities, and retail animal products [2, 
6, 8, 9]. These findings underscore the growing clinical 
complexity of treating bacterial infections in livestock and 
the broader concerns for animal health systems in Nigeria.

A variety of structural and systemic factors contribute 
to the emergence and persistence of antimicrobial-resist-
ant (AMR) bacteria in Nigerian food animals—antibiot-
ics are widely accessible, frequently purchased without 
prescription, and commonly used for routine prophylaxis, 
metaphylaxis, or empirical mass treatment, particularly 
within commercial livestock operations [8–9]. These prac-
tices are often accompanied by inconsistent observance of 
withdrawal periods, insufficient veterinary oversight, and 
limited laboratory infrastructure for routine antibiotic sus-
ceptibility testing [2, 9]. Such conditions not only facilitate 
the development of antibiotic resistance but also hinder the 
generation of reliable data to guide antibiotic stewardship. 
As injudicious antibiotic use increases and production sys-
tems continue to expand, the challenges of understanding 
the national AMR landscape have become more pressing.

Despite the growing body of primary research, the ex-
isting evidence remains highly fragmented, as many stud-
ies focus on specific states, isolated production systems, or 
single pathogens, and their findings vary widely in meth-
odology, sample size, and reporting standards [7]. Several 
narrative reviews have addressed aspects of AMR in Nige-
ria, but these are generally limited in analytical depth and 

have not provided formal meta-analytic estimates. Crucial-
ly, there is no comprehensive synthesis covering the entire 
21st-century evidence base that integrates prevalence and 
resistance data across bacterial pathogens, regions, animal 
species, time periods, and antibiotic classes. In a country 
with a rapidly expanding livestock sector and significant 
public health concerns around antibiotic effectiveness, this 
gap has restricted the ability of policymakers, veterinary 
authorities, and public health practitioners to identify con-
sistent national trends or to understand the magnitude and 
distribution of antibiotic-resistant bacteria [7, 8].

This systematic review and meta-analysis were under-
taken to address these limitations by collating and rigor-
ously synthesizing published evidence from 2000 to 2025. 
By bringing together data from multiple regions, animal 
hosts and animal-derived food products and applying 
standardized analytical methods, this study provides a 
comprehensive national assessment of bacterial pathogen 
prevalence and resistance patterns in Nigerian food-pro-
ducing animals and animal-derived products. Beyond pro-
ducing pooled estimates, the review evaluates the extent 
of heterogeneity across studies and explores the antibiotic 
resistance patterns of the bacteria identified. In doing so, 
it offers critical insights into the epidemiology of AMR in 
Nigeria’s livestock sector, identifies gaps in surveillance 
and reporting, and highlights areas where targeted invest-
ment and policy interventions may have the greatest im-
pact. The review represents a more detailed and methodo-
logically robust synthesis of its kind for Nigeria and con-
tributes essential evidence to guide antibiotic stewardship. 
Also, it improves surveillance frameworks and supports 
One Health–aligned strategies that safeguard the efficacy 
of antibiotics across both human and animal health.

METHODS

This systematic review and meta-analysis were con-
ducted and reported in accordance with the PRISMA 2020 
statement and followed methodological guidance for prev-
alence reviews and meta-analyses. The review protocol 
was developed using the PRISMA-P checklist [10]. The 
methods described below summarize the stepwise ap-
proach used for literature identification, study selection, 
data extraction and validation, risk-of-bias assessment, 
quantitative and qualitative synthesis, and sensitivity anal-
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yses to ensure a rigorous and transparent approach for 
prevalence reviews and meta-analyses.

Eligibility criteria
Studies were eligible if they reported primary data on 

bacterial pathogens isolated from food-producing animals 
in Nigeria (including but not limited to chickens, cattle, 
pigs, ducks, and quails) or from animal-derived products 
from these animals (including eggs, milk, and meat) and 
presented prevalence estimates or sufficient numerator/
denominator data to calculate prevalence. Eligible studies 
also included those that reported detailed antibiotic sus-
ceptibility results for isolates, using phenotypic or molec-
ular methods, because a principal aim was to synthesize 
resistance patterns. We included observational studies 
(cross-sectional surveys, surveillance reports, and cohort 
studies) and peer-reviewed articles as well as grey litera-
ture if primary data were available. We limited the search 
to publications in English between 1 January 2000 and 30 
March 2025 and excluded reviews, editorials, commentar-
ies and conference abstracts (without primary data), exper-
imental infection (challenge) studies, studies of compan-
ion or wild animals that did not include food animals, stud-
ies not conducted in Nigeria, and reports that duplicated 
data published elsewhere. Studies reporting only antibiotic 
residue concentrations without isolates or organism-level 
susceptibility data were also excluded.

Search strategy and information sources
A comprehensive search was performed on 30 March 

2025 in PubMed, Web of Science, ScienceDirect, and Afri-
can Journals Online (AJOL) and supplemented by screen-
ing the reference lists of included studies and relevant 
reviews. The PubMed search combined Medical Subject 
Headings and free-text terms and used Boolean operators; 
a representative query was: (“food animals” OR livestock 
OR poultry OR cattle OR swine OR goats OR sheep) AND 
(Nigeria) AND (“Salmonella” OR “Campylobacter” OR 
“Escherichia coli” OR “Listeria” OR “Staphylococcus”) 
AND (“antimicrobial resistance” OR “antibiotic resist-
ance” OR “AMR”) AND (prevalence OR occurrence OR 
epidemiology). The same conceptual search was adapted 
to other databases to match their syntax and filters; for 
example, MeSH terms were omitted in AJOL, and search 
fields were adjusted in Web of Science to search within 
Title/Abstract/Keywords. Where databases supported it, 

searches were limited by publication date (2000–2025) 
and language (English). Search logs were maintained, doc-
umenting the exact query used in each database and the 
number of records retrieved.

Study selection and data management
All retrieved records were exported to Microsoft Ex-

cel for Office 2019 (Microsoft Corp.) and then imported 
into a reference manager for de-duplication. After removal 
of duplicates, three reviewers (MMH, FAO, TGO) inde-
pendently screened titles and abstracts against the eligi-
bility criteria and subsequently reviewed full texts for in-
clusion. The reviewers used a pilot-tested screening form 
to ensure consistency, and discrepancies at either stage 
were resolved by discussion and, where necessary, adju-
dication by four other reviewers (AML, OML, BSA, and 
VIA). This multi-reviewer approach ensured consistency 
and minimized selection bias during study inclusion. The 
process of identification, screening, eligibility assessment, 
and inclusion was documented using a PRISMA flow di-
agram.

Data extraction and validation
Data were extracted using a standardized, pilot-tested 

abstraction form. Extracted variables included study char-
acteristics (author, year, location), animal host, sample 
type, bacterial organism(s) identified, and prevalence data. 
Animal-derived samples (e.g., milk, eggs, and meat) were 
retained where studies explicitly linked them to food-pro-
ducing animals, as these represent important points along 
the production-to-consumption continuum. Where report-
ed, antimicrobial susceptibility testing (AST) methods 
and interpretive standards were recorded; however, due 
to inconsistent reporting, these variables were not in-
cluded in quantitative synthesis. Antimicrobial resistance 
(AMR) was defined as resistance to any antimicrobial 
agent, including antibiotics and non-antibiotic agents such 
as sulphonamides. Information on resistance assessment 
approaches (phenotypic or genotypic) was noted where re-
ported in the included studies. Phenotypic resistance was 
generally determined using antimicrobial susceptibility 
testing (AST) methods, including disk diffusion and min-
imum inhibitory concentration (MIC)-based approaches, 
although reporting of these methods and associated inter-
pretive standards (e.g., CLSI or EUCAST) was inconsist-
ent. Given this variability and incomplete reporting across 
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studies, AST methodologies were not analyzed as part of 
the synthesis, so the review focused on the reported anti-
microbial resistance patterns.

Risk-of-bias assessment
The methodological quality of included studies was 

assessed using the Joanna Briggs Institute (JBI) Critical 
Appraisal Checklist for Prevalence Studies [11]. This tool 
evaluates sampling methods, population representative-
ness, measurement reliability, and completeness of report-
ing. Studies were classifi ed as having low, moderate, or 
high risk of bias, and disagreements were resolved through 
consensus.

Statistical analysis 
Quantitative analyses were conducted in R (ver-

sion 4.3.2) using the meta and metafor packages [12]. 
Study-level prevalence was calculated as the proportion 
of samples yielding the bacterial organism(s) of interest. 
The primary outcome was the bacterial pooled prevalence 
and the resistance profi les of the bacterial isolates. Pro-
portions were logit-transformed prior to pooling, and ran-
dom-eff ects meta-analysis was performed using restricted 
maximum likelihood (REML) to estimate between-study 
variance (τ²). Heterogeneity was assessed using Cochran’s 
Q and quantifi ed with the I² statistic. Subgroup analy-
ses were conducted by host species, reclassifi ed sample 
types, and geographic regions. Meta-regression was used 
to assess the infl uence of study-level variables, including 
sample size, study year, and host category, on prevalence 
estimates. Given the expected methodological and epi-
demiological variability across studies, pooled estimates 
were interpreted cautiously in the presence of substantial 
heterogeneity.

Publication bias was evaluated using funnel plots and 
Egger’s regression test. Sensitivity analyses were per-
formed to assess robustness by excluding high-risk stud-
ies and examining the infl uence of individual studies. In 
addition to quantitative synthesis, a qualitative analysis of 
AMR patterns was conducted. Resistance profi les across 
bacterial species and antimicrobial classes were summa-
rized and visualized using a heatmap generated in ggplot2, 
with antimicrobial classes and organism names standard-
ized to ensure comparability.

RESULTS

Literature search outcome
The database search identifi ed 281 records across 

PUBMED, AJOL, and Web of Science, with 10 addi-
tional studies located through grey literature and manual 
searches. After removing 85 duplicates, 206 records were 
screened by title and abstract, and 169 were excluded for 
lacking extractable data or presenting duplicated datasets. 
Of the 37 studies assessed at full text, fi ve were excluded 
due to unclear or undefi ned sampling procedures, resulting 
in thirty-two studies meeting all eligibility criteria for in-
clusion in the review and meta-analysis (Fig. 1; Table 1).

Fig. 1. PRISMA fl owchart of the selection of eligible studies

Descriptive characteristics of included studies
The 32 included studies covered food-producing an-

imals and animal-derived samples across all geopolitical 
zones of Nigeria. In total, 9,811 samples were analyzed, of 
which 1,865 tested positive for the bacterial organism(s) 
reported in the studies (19.01%; 95% CI: 18.24%–19.8%). 
Chickens were the most frequently investigated host 
species, followed by cattle, pigs, and mixed avian popu-
lations. The South-west (27.1%) and South-south (20%) 
zones contributed the largest proportion of samples.

Across bacterial groups, studies focusing on single or-
ganisms reported moderate prevalence estimates. Escher-
ichia coli was the most frequently isolated organism, with 
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Table 1. Characteristics of eligible studies reporting the prevalence of resistant bacteria in food-producing animals and animal-derived 
products in Nigeria

Year State
Geographic 

region 
Animal/sample source 

Positive 

samples

Reported 

bacterial prev-

alence (%)

No of isolates Bacteria found References 

2010 Ogun South-west Dead chickens 5 100.0 5 Salmonella spp. [32]

2010 Plateau North-central Dead-in-shell embryos, dead 

chicks, sick chicks and eggshells

45 9.0 45 Salmonella spp. [34]

2010 Oyo South-west Live chickens 70 10.9 70 Salmonella spp. [19]

2011 Osun South-west Live chickens 2 1.3 2 Arcobacter butzleri, Arcobacter cryaerophilus [40]

2014 Oyo and Borno South-west and 

North-east

Live chickens 45 7.0 45 Salmonella spp. [26]

2014 Borno North-east Dead fishes 23 11.5 23 Salmonella spp. [41]

2017 Ogun South-west Live quails 14 3.5 14 Salmonella spp. [33]

2018 Ebonyi South-east Live cattle 48 40.0 48 Escherichia coli [29]

2018 Oyo, Ondo, Ogun, 

Ekiti and Osun

South-west Live chickens and pigs 240 100.0 350 Klebsiella pneumoniae, Morganella morganii, 

Leclercia adecarboxylata and Citrobacter 

freundii

[38]

2018 Enugu South-east Live chickens and pigs 20 3.9 18 Escherichia coli, Klebsiella pneumoniae, 

Enterobacter asburiae and Providencia spp.

[39]

2019 Kwara North-central Live chickens 58 6.4 58 Salmonella spp. [31]

2020 Kwara North-central Live and dead chickens 42 11.8 58 Salmonella spp. [35]

2021 Enugu and Ebonyi South-east Live and dead chickens and cattle 55 18.3 55 Escherichia coli, Klebsiella spp. and Pseu-

domonas spp.

[17]

2021 Kwara North-central Live pigs 16 2.7 16 Salmonella spp. [18]

2021 Nasarawa North-central Cattle meat (suya samples) 40 13.3 40 Escherichia coli [27]

2021 Oyo South-west Live cattle 53 21.2 56 Escherichia coli [21]

2021 Ogun South-west Egg samples 14 14.0 14 Salmonella spp. [3]

2021 Kwara North-central Dead chickens and ready-to-eat 

gizzards

43 8.6 43 Salmonella spp. [37]

2021 Oyo South-west Milk samples from live cattle 40 23.8 40 Escherichia coli, Enterobacter amnigenus and 

Pseudomonas aeruginosa 

[42]

2022 Ogun South-west Live chickens 32 80.0 32 Escherichia coli [13]

2022 Plateau North-central Live and dead chickens and cattle 132 28.0 132 Campylobacter spp. [14]

2022 Abuja and Lagos North-central and 

South-west

Dead cattle 44 16.2 43 Escherichia coli [15]

2022 Nasarawa North-central Live chickens 120 100.0 120 Escherichia coli, Salmonella spp., Klebsiella 

spp. and Pseudomonas spp.

[16]

2022 Kwara North-central Dead chickens 73 40.3 73 Escherichia coli [23]

2022 Oyo South-west Live chickens 77 21.4 77 Salmonella spp. [1]

2022 Oyo South-west Live chickens and ducks 156 83.9 156 Escherichia coli and Salmonella spp. [30]

2023 Edo and Delta South-south Live chickens 10 20.0 10 Salmonella spp. [21]

2023 Sokoto, Kebbi and 

Zamfara

North-west Day-old chickens 32 10.7 32 Salmonella spp. [23]

2023 Kwara North-central Dead chickens 37 10.5 37 Escherichia coli [24]

2024 Plateau North-central Live chickens 178 99.4 178 Escherichia coli [20]

2025 Ebonyi South-east Dead pigs 24 32.0 24 Escherichia coli [28]

2025 Oyo South-west Live ducks and pigeons 78 22.9 30 Escherichia coli [36]
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a prevalence of 28.7% (606/2,111), while Salmonella spp. 
showed a lower prevalence of 8.9% (494/5,554). A subset 
of studies reported multiple bacterial organisms, common-
ly combinations of E. coli, Salmonella spp., Klebsiella
spp., and Pseudomonas spp. with higher reported preva-
lence values, typically based on smaller sample sizes (Sup-
plementary Table 2).

To enhance comparability, sample types were reclas-
sifi ed into four categories: live, dead, products (dead-de-
rived), and others (live-derived). Live samples accounted 
for the largest proportion (5,895 samples; 60.1%), fol-
lowed by dead samples (3,216 samples; 32.8%). Products 
derived from dead animals comprised 300 samples (3.0%), 
while other live-derived samples accounted for 400 sam-
ples (4.1%).

Meta-analysis
Random-eff ects meta-analysis of the 32 studies yielded 

a pooled prevalence of bacterial detection of 25% (95% 
CI: 14%–41%), with substantial heterogeneity observed 
across studies (Q = 999.21, p < 0.0001; I² = 96.9%; τ² = 
4.29) (Fig. 2).

Subgroup analysis showed variation in bacterial 
pooled prevalence across host species; among chickens, 
the pooled prevalence was 35% (95% CI: 13%–66%) 
based on 18 studies (n = 5,618). In cattle, the pooled prev-
alence was 22% (95% CI: 15%–31%) from fi ve studies (n 
= 1,110). Other host categories showed a wide range of 
estimates, including pigs (10%; 95% CI: 1%–65%), Jap-
anese quails (4%; 95% CI: 2%–6%), chickens and ducks 
(84%; 95% CI: 78%–89%), ducks and pigeons (23%; 95% 
CI: 19%–28%), and chickens and pigs (4%; 95% CI: 2%–
96%) (Fig. 3A and B).

Meta-regression analysis indicated that total sample 
size signifi cantly infl uenced reported prevalence estimates 
(β = −0.0051, p = 0.0012), with larger studies reporting 
lower prevalence values. Residual heterogeneity remained 
high after adjustment (τ² = 3.1; I² = 98.9%). The model 
explained 27.9% of between-study variability.

Publication bias and sensitivity analysis
Funnel plot inspection showed a broadly symmetrical 

distribution of studies around the pooled estimate (Fig. 4). 
Egger’s regression test did not indicate signifi cant small-
study eff ects (p = 0.3109). Sensitivity analyses, including 
exclusion of studies with high risk of bias or extreme esti-

mates, yielded pooled estimates comparable to the primary 
analysis.

Fig. 2. Forest plot showing the estimated pooled prevalence of bac-
terial detection/isolation among sampled food animals and related 

products

Resistance profi les of bacteria detected in studies in-
cluded in the systematic review

Across the included studies, AMR was frequently re-
ported among Escherichia coli, Salmonella spp., and oth-
er enteric bacteria isolated from food animals and related 
samples. E. coli isolates demonstrated particularly broad 
antibiotic resistance profi les, with high resistance to tet-
racyclines, sulphonamides, and β-lactams (Fig. 5), and 
many studies reported multidrug resistance (MDR) rates 
above 70% [13, 20, 28]. Extended-spectrum β-lactamase 
(ESBL)-producing and cefotaxime-resistant E. coli were 
also widely documented [15, 21, 23].

Similarly, Salmonella spp. exhibited notable resistance 
to multiple antimicrobial classes, including β-lactams, 
fl uoroquinolones, and sulphonamides, with several stud-
ies reporting multidrug-resistant phenotypes [18, 24, 30]. 
Other bacterial species, including Klebsiella spp., Pseu-
domonas spp., and Enterobacter spp., also demonstrated 
resistance to commonly used antimicrobials, particularly 
β-lactams and tetracyclines, although the magnitude of 
resistance varied across studies [17, 26, 31]. Molecular 
analyses further identifi ed key resistance determinants, in-
cluding tetA, tetB, sul1, ampC, and qnr genes, as well as 
mutations in gyrA and parC, supporting the observed phe-
notypic resistance patterns and indicating the circulation 
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Fig. 3A. Forest plot showing pooled bacterial prevalence in studies 
of isolates recovered from single-host categories (chicken, cattle, 

pigs, Japanese quails, and fi shes)

Fig. 3B. Forest plot showing pooled bacterial prevalence in studies 
involving multiple-host categories (including ducks and pigeons, 

chickens and pigs, and chickens and ducks)

of resistant bacterial lineages within food-animal produc-
tion systems [15, 21, 23, 25, 42].

DISCUSSION

The studies included in this review provide a contem-
porary synthesis of bacterial prevalence and antimicrobial 
resistance (AMR) in food-producing animals and related 
samples in Nigeria. The pooled prevalence of the bacteria 
identifi ed and resistance patterns observed are consistent 
with earlier reports from Nigeria [43–44] and other Af-

Fig. 4. Funnel plot displaying the proportion of each study against 
the standard error of each study

rican countries, including Ghana, Kenya, and Ethiopia 
[45–47], confi rming that antimicrobial-resistant bacteria in 
livestock remain a signifi cant and persistent public health 
concern across the continent.
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Comparable trends are also reported globally. In Europe 
and other high-surveillance settings, AMR in food-pro-
ducing animals continues to be driven by the emergence 
of multidrug-resistant (MDR) bacteria, defi ned as resist-
ance to three or more antimicrobial classes, and the wide-
spread occurrence of extended-spectrum β-lactamase (ES-
BL)-producing Escherichia coli. The detection of such or-
ganisms in this review highlights the continued relevance 
of food animals as reservoirs of resistance and underscores 
the potential movement of resistant bacteria and resistance 
determinants along the farm-to-fork continuum.

Geographical variation in bacterial prevalence was ev-
ident, with higher levels observed in the South-west and 
North-central regions. These areas are characterized by 
intensive livestock production, dense market networks, 
and informal slaughter systems, which may increase op-
portunities for bacterial transmission and environmental 
contamination. Similar spatial clustering has been reported 
in East African production systems with comparable inten-
sifi cation patterns [48–49].

Across host species, poultry, particularly chickens and 
ducks, demonstrated the highest burden of bacterial detec-
tion and AMR. This fi nding aligns with global evidence 
indicating that poultry systems, often associated with high 
stocking densities and frequent antimicrobial exposure, 
act as major reservoirs of resistant bacteria [50–51]. The 
predominance of E. coli and Salmonella spp. across stud-
ies is consistent with their recognized role as indicator or-
ganisms in AMR surveillance and their capacity to acquire 
and disseminate resistance determinants [52]. The detec-
tion of resistant bacteria in meat, milk, and eggs further 
refl ects contamination risks along the production chain, as 
reported in other African settings [53–54].

Host-specifi c diff erences were also observed, with 
higher prevalence in poultry compared with cattle. This 
likely refl ects diff erences in production systems and an-
timicrobial-use practices, a pattern consistently reported 
across African livestock systems [49, 55]. The high prev-
alence observed in mixed chicken–duck systems may be 
associated with increased opportunities for cross-species 

Fig. 5. Resistance patterns of microorganisms isolated from food-producing animals and animal-derived products in Nigeria (2000–2025)
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transmission, whereas lower prevalence in quail popula-
tions may reflect differences in management practices and 
stocking density [56].

Substantial between-study heterogeneity was ob-
served, indicating marked variability in prevalence esti-
mates across studies. This variability is likely influenced 
by differences in production systems, sampling strategies, 
antimicrobial use, and laboratory methodologies [57]. The 
inverse relationship between sample size and reported 
prevalence observed in meta-regression suggests a small-
study effect, whereby smaller studies, often conducted in 
localized or higher-risk settings, report higher prevalence 
estimates, while larger studies provide more conservative 
and representative estimates, and this pattern is well docu-
mented in epidemiological and AMR meta-analyses [58].

Despite the absence of significant publication bias 
based on funnel plot symmetry and Egger’s test, these 
findings should be interpreted with caution in the context 
of high heterogeneity. Furthermore, the limited explanato-
ry power of included moderators suggests that key drivers 
of AMR, such as antimicrobial usage patterns, farm-level 
biosecurity, and environmental conditions, remain insuffi-
ciently reported in primary studies [59].

The resistance profiles observed across bacterial spe-
cies in this review are consistent with regional and global 
trends. High resistance to tetracyclines, fluoroquinolones, 
sulphonamides, and β-lactams was frequently reported, 
alongside the detection of ESBL-producing E. coli and re-
sistance to third-generation cephalosporins. The presence 
of resistance determinants such as tetA, sul1, qnr, and mu-
tations in gyrA and parC reflects the circulation of resistant 
bacterial lineages within animal production systems and 
aligns with patterns described in global AMR surveillance 
studies [60–62].

Study limitations
This review has several limitations that should be con-

sidered when interpreting the findings. First, the included 
studies varied widely in design, sampling strategies, lab-
oratory methods, antimicrobial susceptibility testing ap-
proaches, and antibiotic testing panels, which contributed 
to substantial heterogeneity and limited the comparability 
of resistance estimates across settings. Differences in AST 
methodology, including the use of disk diffusion versus 
MIC-based methods, as well as variation in breakpoint 
interpretation and reporting standards such as CLSI or 

EUCAST, may have influenced the classification of sus-
ceptibility results across studies. In addition, some studies 
did not clearly report quality-control procedures, break-
points, or interpretive criteria, raising the possibility of 
misclassification or inconsistency in resistance reporting. 
Furthermore, most included studies relied on phenotypic 
susceptibility testing, while only a limited number report-
ed genotypic resistance determinants, which constrained 
direct comparison between phenotypic and molecular re-
sistance findings across studies.

Additionally, several studies reported incomplete 
metadata, such as host species, sample type, production 
system, or antibiotic exposure history, which constrained 
the depth of subgroup and meta-regression analyses. Pub-
lication bias is also likely, as studies with high antibiotic 
resistance levels may be more readily published than those 
reporting low or null findings, although statistical tests for 
asymmetry were inconclusive due to underlying hetero-
geneity. Finally, the reliance on phenotypic data in most 
included studies limited our ability to link AMR patterns 
to specific genetic determinants comprehensively, and the 
scarcity of molecular analyses restricted inferences about 
transmission pathways and the emergence of extensively 
resistant bacterial pathogens. Despite these limitations, the 
synthesis provides a robust and regionally relevant over-
view of bacterial prevalence and antibiotic resistance pat-
terns across the animal, food, and environmental interface.

CONCLUSION AND RECOMMENDATIONS

This review demonstrates that antibiotic resistance is 
widespread across animal, food, and environmental reser-
voirs, with particularly high burdens of MDR Escherichia 
coli, Salmonella spp., and other enteric pathogens among 
food animals in Nigeria. The consistency of these patterns 
across diverse hosts, sample types, and geographic set-
tings underscores the extent to which AMR has become 
entrenched within livestock production systems and along 
the broader One Health interface. The high prevalence of 
resistance to critically important antibiotic classes—includ-
ing β-lactams, fluoroquinolones, and tetracyclines—signals 
a growing threat to both animal health and public health, 
especially in regions where surveillance capacity and reg-
ulatory enforcement remain limited. The substantial heter-
ogeneity observed across the 32 studies in this work further 
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highlights the fragmented nature of AMR monitoring in Ni-
geria and the urgent need for more standardized, coordinat-
ed, and longitudinal data to capture trends over time.

Considering these findings, strengthening integrated 
AMR surveillance should be a priority, with emphasis on 
harmonized laboratory protocols, routine reporting of both 
phenotypic and genotypic data, and improved geographic 
representativeness. Policies aimed at reducing inappro-
priate antibiotic use in livestock, including restrictions on 
non-therapeutic use, improved access to veterinary over-
sight, and promotion of vaccination, biosecurity, and hy-
giene—are essential to prevent the emergence and spread 
of antibiotic-resistant bacteria. Investment in laboratory 
capacity, data management systems, and intersectoral col-
laboration will be critical to operationalizing effective One 
Health AMR control strategies. Finally, future research 
should focus on filling existing data gaps, characterizing 
antibiotic resistance genes and transmission pathways, 
and evaluating intervention effectiveness to inform evi-
dence-based policy and practice.
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 ABSTRACT

An eight-month-old female bearded dragon (Pogona vitticeps) was 
presented with chronic nodular conjunctivitis of the left lower eyelid that 
failed to respond to previous topical antibiotic and anti-infl ammatory 
therapy. Histopathological examination of an excisional biopsy revealed 
marked granulomatous infl ammation in the lamina propria and submu-
cosa. Special stains (Gram, PAS) demonstrated numerous microsporidia 
within sporophorous vacuoles, while Ziehl–Neelsen staining for acid-fast 
bacteria was negative. Based on the histopathological fi ndings and results 
of special stains, a diagnosis of microsporidial granulomatous conjuncti-
vitis was established. Postoperatively, the patient was treated with tobra-
mycin–dexamethasone eye drops in a tapering regimen for four weeks, 
resulting in local resolution of the lesion. However, the animal died two 
months after the initial ophthalmological examination. As post-mortem 
examination was not performed, systemic microsporidial infection, pre-
viously reported in bearded dragons, cannot be excluded. This case high-
lights microsporidia as a potential cause of chronic conjunctival lesions in 
bearded dragons and emphasizes histopathology with special stains as a 
key diagnostic tool.

Key words: Encephalitozoon pogonae; histopathology; ocular infec-
tions; reptiles
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 INTRODUCTION

Ocular disorders are relatively common in beard-
ed dragons (Pogona vitticeps); however, infections 
caused by microsporidia are reported only sporadi-

cally. Microsporidia are obligate intracellular eukaryotic 
parasites that, based on molecular phylogenetic studies, 
are currently classifi ed within the kingdom Fungi [1]. 
They can infect a broad range of vertebrate hosts, includ-
ing reptiles [2]. In reptiles, microsporidial infections are 
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typically associated with chronic, multisystemic granu-
lomatous inflammation and high mortality, most often due 
to granulomatous arteritis and subsequent organ failure 
[3, 4]. Ophthalmic manifestations of microsporidial infec-
tion include keratitis, conjunctivitis [5], and blepharocon-
junctivitis [6]. The present report describes a rare case of 
microsporidial granulomatous conjunctivitis in a juvenile 
bearded dragon and discusses its diagnostic and clinical 
relevance.

CASE PRESENTATION

An eight-month-old female bearded dragon (Pogona 
vitticeps) was examined for a several-week history of con-
junctival thickening of the left eye. The animal was housed 
individually in a terrarium with appropriate temperature 
gradients and ultraviolet (UV) lighting and was fed crick-
ets supplemented with calcium and vitamin D₃.

Ophthalmological examination revealed marked con-
junctival hyperaemia and chemosis, predominantly affect-
ing the lower eyelid, with no other ocular abnormalities 
detected (Fig. 1). Visual function appeared to be preserved. 
A clinical diagnosis of nodular conjunctivitis was made. 
Previous treatment with topical antibiotics (tobramycin 
eye drops) and anti-inflammatory agents failed to induce 
regression of the lesion.

An excisional biopsy of the thickened conjunctiva (6 
× 3 × 3 mm) was performed, and the tissue was submitted 
for histopathological examination. No additional laborato-
ry investigations were undertaken.

Fig. 1. Bearded dragon (Pogona vitticeps) with marked swelling of 
the conjunctiva of the left lower eyelid.

RESULTS

Histopathology
In the haematoxylin-eosin-stained sections, the con-

junctival epithelium was focally attenuated. The lamina 
propria and submucosa were expanded by multifocal to 
coalescing, dense inflammatory infiltrates composed pre-
dominantly of macrophages, with fewer small lympho-
cytes and heterophils. The inflammatory infiltrate multi-
focally formed granulomas with central necrosis (Fig. 2). 
The cytoplasm of a subset of macrophages was conspic-
uously pale and abundant, suspicious for the presence of 
intracellular microorganisms (Fig. 3). The inflammatory 
process extended to the surgical margins. No neoplastic 
tissue was identified.

Special stains: Gram stain revealed numerous micro-
sporidia within sporophorous vacuoles in the cytoplasm of 
macrophages (Fig. 4). Ziehl–Neelsen staining for acid-fast 
bacteria was negative. Microsporidial spores were lightly 
basophilic with a darker polar cap and measured approx-
imately 3–5 µm. A histopathological diagnosis of micro-
sporidial granulomatous conjunctivitis was established.

Fig. 2. Histological section of conjunctiva with multiple granulo-
mas; larger granulomas show central necrosis (arrow). Haematox-

ylin and eosin. Scale bar = 100 µm.

Fig. 3. Higher magnification showing weakly staining organisms 
within the cytoplasm of macrophages in a granuloma (arrow). 

Haematoxylin and eosin. Scale bar = 50 µm.

MANAGEMENT AND OUTCOMES

Following excisional biopsy, topical therapy with tobra-
mycin–dexamethasone eye drops (TOBRADEX 3 mg/ml + 
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1 mg/ml, Novartis Pharma GmbH) was instituted in a ta-
pering regimen over four weeks, resulting in complete local 
healing of the conjunctival lesion. Nevertheless, the animal 
died approximately two months after the initial ophthalmo-
logical examination. A necropsy was not permitted.

DISCUSSION

The findings in the present case are consistent with 
chronic granulomatous conjunctivitis caused by micro-
sporidia, a condition that is rare but documented in lizards 
[6, 7]. In bearded dragons, microsporidial infections have 
been reported not only as localized ocular disease but also 
as systemic infections affecting multiple organs [5], fre-
quently with a fatal outcome [3, 4]. In the present case, 
death occurred two months after the initial ophthalmolog-
ical examination, despite complete local resolution of the 
conjunctival lesion following surgical excision and topical 
therapy.

Because post-mortem examination was not performed, 
systemic microsporidial infection could not be confirmed, 
and the exact cause of death remains undetermined. In 
previously published cases, microsporidial keratoconjunc-
tivitis required combined surgical and antifungal therapy, 
including enucleation and systemic antifungal treatment 
(itraconazole, fenbendazole, voriconazole) [7, 8]. In an-
other report, the diagnosis of ocular microsporidiosis was 
supported by histopathology and PCR with genomic se-
quencing, leading to definitive identification of Encephal-
itozoon pogonae [6].

In the present case, the diagnosis was established by 
direct histological demonstration of microsporidia within 
sporophorous vacuoles. The morphology and intracellular 

localization of the spores are consistent with Encephali-
tozoon pogonae; however, definitive species identification 
would require PCR-based molecular typing. Differential 
diagnoses for granulomatous conjunctivitis in reptiles in-
clude atypical bacterial and fungal infections, mycobacter-
iosis, protozoal infections, and non-infectious causes such 
as foreign bodies or keratin accumulation.

CONCLUSION

Chronic inflammatory lesions of the eyelids, conjunc-
tiva, and cornea in bearded dragons may be caused by mi-
crosporidial infection and should therefore be considered 
in the differential diagnostic work-up of chronic ocular 
disease in reptiles. Conjunctival biopsy, followed by histo-
pathological examination with appropriate special stains, 
is a crucial step in establishing an aetiological diagnosis.
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ABSTRACT

Endoparasitosis in rabbits often represents a hidden problem and 
causes serious fi nancial loss to breeders as it occurs without any evident 
clinical symptoms. The subject of the present investigation was to identify 
the rate of prevalence of endoparasites, with special attention being paid 
to coccidiosis. The investigation was carried out at selected rabbit farms in 
fi ve villages in the Gelnica District in Eastern Slovakia in the period from 
September 2019 to August 2020. A total of 87 faecal samples were exam-
ined using the fl otation method and the McMaster technique. Of these, 83 
samples tested positive for intestinal parasites, representing a positivity 
rate of 95.4%. Coccidian oocysts of Eimeria spp. were present in all posi-
tive samples, and Passalurus ambiguus eggs were found in six cases (7.2%). 
The overall oocyst counts for Eimeria spp. ranged from 50 to 27,000 oo-
cysts per gram (OPG), while the egg counts of P. ambiguus ranged from 50 
to 250 eggs per gram (EPG). To determine the species composition of the 
genus Eimeria, molecular analysis of the fi rst internal transcribed spacer 
(ITS-1) region of ribosomal DNA was performed on selected samples with 
the highest concentrations of oocysts. The analysis revealed the presence 
of fi ve coccidian species: Eimeria magna, Eimeria fl avescens, Eimeria piri-
formis, Eimeria irresidua, and one unidentifi ed Eimeria sp.

Keywords: coccidiosis; coprological methods; Eimeria spp.; PCR; rabbit
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INTRODUCTION

Coccidiosis is a gastrointestinal parasitic infection that 
aff ects rabbits and hares, and it has a notably negative 
economic impact, especially in farmed rabbit populations 
(Oryctolagus cuniculus) worldwide [1, 2]. Coccidiosis 

in rabbits is caused by one or more species of unicellular 
parasites belonging to the genus Eimeria, subphylum Api-
complexa. Globally, a large number of Eimeria species have 
been described; however, most commonly, 15 species of the 
genus Eimeria are believed to be responsible for rabbit coc-
cidiosis, including: E. stiedae, E. magna, E. matsubayashi, 
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E. neoleporis, E. nagpurensis, E.  irresidua, E. flavescens, 
E.  piriformis, E.  intestinalis, E.exigua, E. roobroucki, 
E. perforans, E. vejdovskyi, E. coecicola, and E. media. The 
only exception is E. stiedae, which parasitises the bile ducts 
of the liver and is considered one of the most pathogenic 
species, while E. magna, E. irresidua, E. perforans, and E. 
media belong to the most frequently diagnosed species in 
domestic rabbits [3, 4, 5, 6, 7, 8, 9, 10, 11, 12]. 

Young rabbits, especially after weaning and between the 
ages of 6 weeks and 6 months, represent the most vulnerable 
group [13]. Another group of susceptible individuals includes 
older and immunocompromised ones, while adult rabbits are 
often asymptomatic carriers and rarely present with clinical 
symptoms of coccidiosis. No gender- and breed-dependent 
predisposition to that disease has been observed [13, 14]. 

The life cycle of that parasite is direct and compris-
es the exogenous phase (sporogony) and the endogenous 
phases (schizogony and gametogony). They are transmit-
ted through the faecal-oral route, and the severity of infec-
tion depends on the number of ingested oocysts [15]. The 
intake of sporulated oocysts, containing 8 sporozoites, is 
followed by the schizogony phase [16]. The sporozoites 
are released from sporocysts and invade the epithelial cells 
of the small intestine and appendix of rabbits. The excep-
tion is the Eimeria stiedae species, which colonises the 
cells of the liver and bile ducts. During the gametogony 
phase (sexual reproduction), a new generation of oocysts 
is produced at the parasite’s predilection sites. Upon com-
pletion of the cycle, these oocysts are excreted in the fae-
ces into the external environment. The exogenous phase 
(sporogony) takes place in the external environment and 
leads to the creation of a new generation of infectious oo-
cysts [17, 18]. Clinical symptoms of intestinal and hepatic 
coccidiosis are very similar. Generally, the clinical condi-
tion of affected rabbits is characterised by apathy, anorex-
ia, and weight loss, primarily caused by a reduced intake 
of food during the first four weeks. In untreated cases, the 
condition may progress to a chronic stage [19].

Post-mortem observations in cases of infection caused 
by E. stiedae reveal hepatomegaly accompanied by typi-
cal multifocal necrotic lesions on the hepatic parenchyma. 
The lesions are 1 – 2 mm large, of white or cream colour, 
filled with an exudate dispersed across the entire paren-
chyma [14, 17, 20]. 

Diagnosis of coccidial infection is primarily based on 
the detection of oocysts in examined faecal samples. Spe-

cies identification within the genus Eimeria is tradition-
ally performed through morphological and morphometric 
evaluation of oocysts, sporocysts, and sporozoites [21]. 
However, microscopic identification requires considerable 
expertise and is often time-consuming, particularly when 
distinguishing closely related species. For this reason, 
molecular techniques such as polymerase chain reaction 
(PCR) have increasingly been employed to improve the 
accuracy and reliability of species identification [18].

In addition to protozoa, rabbits also present with hel-
minths. Passalurus ambiguus (an oxyurid worm) is the 
most frequently detected intestinal nematode in rabbits 
and hares and the second most common intestinal parasite 
after Eimeria spp. [22]. P. ambiguus parasitises the appen-
dix and large intestine of infected individuals, completing 
a direct life cycle. Infection occurs when rabbits ingest 
these eggs from the environment, commonly through con-
taminated feed, water, or materials, or via caecotrophy, 
resulting in autoinfection. Adult females deposit sticky, 
embryonated eggs – typically oval, asymmetrical, light 
brown in colour, and featuring a polar plug – around the 
perineal region [14, 17, 23, 24, 25]. In most cases, rabbits 
infected with P. ambiguus are asymptomatic, even when 
the intensity of infection is high. However, in young and 
weakened rabbits, the risk of clinical symptoms is higher. 
Those may include intensive itching around the rectum, 
digestive disorders, diarrhoea, weight loss, and even rectal 
prolapse [17, 26, 27].

The aim of the present study was to determine the prev-
alence and species composition of endoparasites in hobby 
and meat rabbits in selected localities of Eastern Slovakia, 
with particular emphasis on coccidial infections caused by 
Eimeria spp., using coprological and molecular diagnostic 
methods, in order to contribute to a better understanding of 
the epidemiological situation of these infections in rabbit 
breeding. In addition, this study provides the first PCR-
based molecular confirmation of Eimeria species infecting 
rabbits in Slovakia.

MATERIAL AND METHODS

Sample collection
The investigation was carried out from September 

2019 to August 2020. A total of 87 faecal samples were 
analysed, including 76 samples collected from individu-
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al rabbits and 11 pooled samples obtained from groups of 
breeding females with young. The study focused on se-
lected farms in the town of Gelnica (n = 43), followed by 
the villages of Mníšek nad Hnilcom (n = 19), Prakovce 
(n = 15), Jaklovce (n = 5), and Kojšov (n = 5), all locat-
ed within a 20-kilometer radius in the Gelnica District of 
Eastern Slovakia. The majority of the samples originated 
from hobby rabbits, particularly those involved in rabbit 
hopping, a popular regional activity, and from rabbits 
raised for meat production. A detailed overview of the dis-
tribution of rabbits by location and category is presented 
in Table 1. The examined faecal samples were mostly col-
lected from the Czech Spotted Rabbit (n = 18/87), New 
Zealand White Rabbit (n = 13/87), and Rhön Rabbit (n = 
18/87) breeds. All hobby and meat rabbits included in the 
study were in the range of 6 months to 3 years.

Coprological examination
After collection, the faecal samples were stored at re-

frigerator temperature (4 °C) and subsequently transported 
to the laboratory for coprological examination. The sam-
ples were examined using a qualitative flotation method to 
confirm the presence of protozoan oocysts and helminth 
eggs. To assess the intensity of infection, the quantitative 
McMaster technique was applied according to the method 
described by Taylor (2007) [14].

Molecular identification of Eimeria spp.
The examined faecal samples with the highest con-

centrations of Eimeria spp. oocysts (ranging from 10,000 
to 27,000 OPG) were subjected to molecular analysis in 
order to identify the Eimeria species infecting rabbits in 
the studied region. The total genomic DNA extraction was 
carried out using a ZR Faecal DNA MiniPrep™ commer-
cial kit (ZymoResearch, USA) following the manufactur-
er’s instructions and subsequently stored in a freezer at -20 

°C and later used for the PCR analysis. DNA samples were 
used for amplification of the internal transcribed spacer 1 
(ITS-1) region of ribosomal DNA according to the pro-
cedure published by Oliveira (2011) [18] using universal 
primers for the Eimeria species: forward ITS1-F (GG-
GAAGTTGCGTAAATAGA) and reverse ITS1-R (CTG-
CGTCCTTCATCGAT) with resulting length fragments of 
about 400 bp. The total PCR reaction mixture, with a vol-
ume of 50 µl, consisted of 25 µL of OneTaq® 2X Master 
Mix with Standard Buffer (New England Biolabs), 21 μL 
of nuclease-free water, 1 μL of each of the two primers 
(Sigma, GB), and 2 µL of DNA template. The amplifica-
tion program consisted of the initial denaturation step at 94 
°C lasting for 2 min, with 30 cycles repeated at 94 °C  for 
1 min, at 58 °C for 1 min, at 72 °C for 1 min, and a final 
extension phase at 72 °C for 7 min [18] in a programmable 
Mastercycler Nexus X2 (Eppendorf, Germany).

The amplified PCR products were visualized by elec-
trophoresis on a 1% agarose gel and observed under a UV 
transilluminator. All positive products were sent to the 
commercial laboratory Microsynth Seqlab (Vienna, Aus-
tria) for purification and bidirectional sequencing using the 
same primers as in the PCR. Sequencing was performed 
using the Sanger method. The obtained sequences were 
edited using MEGA X software [28] and assembled using 
GeneTool Lite 1.0 (BioTools Inc., USA). The resulting se-
quences were compared with reference sequences in the 
GenBank database (NCBI) using the BLAST algorithm.

RESULTS

Coprological analysis
Flotation analysis revealed the overall presence of 

Eimeria spp. oocysts in 83 out of 87 (95.4%) (Table 2).

Table 1. Distribution of rabbits by category and location

Location Hobby rabbits Meat rabbits Breeding females with young Total

Gelnica 24 16 3 43

Mníšek nad Hnilcom 5 9 5 19

Prakovce 15 - - 15

Jaklovce - 3 2 5

Kojšov - 4 1 5

Total 44 32 11 87
Note: Dash (–) indicates that no animals of the given category were reported in the respective location
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Eggs of P. ambiguus were confirmed in 6 samples 
(7.2%) originating from both hobby and meat rabbits of 
three breeds (Czech Spotted Rabbit, New Zealand White 
Rabbit, and Rhön Rabbit) kept in Gelnica, Mníšek nad 
Hnilcom, and Prakovce. In contrast, no P. ambiguus eggs 
were detected in any of the individual or pooled samples 
collected from breeding females with young in Jaklovce 
and Kojšov.

The McMaster quantitative technique was employed to 
determine the intensity of infection caused by Eimeria spp. 
oocysts (OPG – oocysts per gram of faeces) and to detect 
the presence of P. ambiguus eggs (EPG – eggs per gram). 
Across all examined samples, the intensity of coccidian 
infection ranged from 50 to 27,000 OPG (Table 3).

Molecular analysis of Eimeria spp.
Molecular analysis of the ITS-1 ribosomal DNA region 

was performed on 15 samples with a high concentration 
of oocysts in rabbit faeces in order to detect the presence 
of Eimeria spp. and determine their species composition. 
Sequencing and subsequent sequence editing yielded 
eight high-quality sequences, which showed 96.45-100% 
identity to Eimeria species in the GenBank database. The 
sequences obtained in this study were deposited in Gen-
Bank under accession numbers PZ160625–PZ160632. In 
these eight isolates, five Eimeria species were identified: 
E. piriformis, E. magna, E. irresidua, E. flavescens, and 
one unidentified Eimeria sp. (Table 4). The first sample 
(E1) was collected from breeding females with young of 
the Czech Spotted Rabbit breed from Gelnica, which ex-

hibited a high intensity of infection caused by Eimeria spp. 
oocysts (16,400 OPG). Two isolates from this sample were 
identified: E1a as E. piriformis and E1b as E. magna. The 
second positive sample (E2) originated from a female of 
the diminutive Lionhead breed from Gelnica. Sample 3 
(E3) was collected from a diminutive male Hermelin rab-
bit from Gelnica. In both cases (E2 and E3), Eimeria sp. 
were detected; however, species-level identification was 
not achieved due to low sequence similarity (96.45% and 
96.63%) with reference sequences available in the Gen-
Bank database. The fourth sample (E4) originated from 
a male Rhön Rabbit from Prakovce, which was used for 
breeding and kept under extensive rearing conditions. The 
fifth sample (E5) was collected from a female Czech Spot-
ted Rabbit from Mníšek nad Hnilcom, housed together 
with her kits, and showing the highest intensity of coccid-
ian infection (27,000 OPG). The E6 sample was obtained 
from a male Hermelin rabbit from Gelnica and the E7 sam-
ple from a pregnant female Czech Spotted rabbit from the 
Mníšek nad Hnilcom area (Table 4).

DISCUSSION

Coccidiosis in rabbits is a major parasitic disease that 
significantly increases breeding costs. In the present study, 
87 faecal samples from rabbits were examined microscop-
ically using the flotation method. The samples showed a 
high positivity rate of 95.4% for Eimeria spp. oocysts. 
This is notably higher compared to a 2015 study that in-

Table 2. Positivity for Eimeria spp. in the Gelnica District

Location
Positive Hobby Rabbits / 

Total Examined
Positive Meat Rabbits / 

Total Examined
Positive Breeding Females 
with Young / Total Exam-

ined

Overall positivity (%)

Gelnica 23/24 14/16 3/3 93.0

Mníšek nad Hnilcom 5/5 8/9 5/5 94.7

Prakovce 15/15 - - 100

Jaklovce - 3/3 2/2 100

Kojšov - 4/4 1/1 100

Table 3. Intensity of infection with Eimeria spp. and Passalurus ambiguus in examined rabbit breeds

Rabbit breed Locality Eimeria spp.
(OPG range)

Passalurus ambiguus 
       (EPG range)

Czech Spotted Rabbit Gelnica, Mníšek nad Hnilcom 250 – 16,400
(max. 27,000 in pooled sample)

50 – 150

New Zealand Rabbit Jaklovce, Kojšov 50 – 4,500 not detected

Rhön Rabbit Prakovce 50 – 4,400 200 – 250
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vestigated endoparasite prevalence in rabbits from 23 
breeder farms in Eastern Slovakia, which reported a 72.5% 
infection rate with Eimeria spp. [29].

In Romania, 236 rabbit faecal samples were examined, 
revealing a 77.56% infection rate with Eimeria spp. [12]. 
In wild European brown hares from Austria and the Czech 
Republic, Chroust et al. (2012) reported very high preva-
lence in young animals (97.9% in Austria and 95.5% in the 
Czech Republic), while adults showed lower rates (60.0% 
and 64.6%, respectively) [30]. In Poland, a survey of 14 
small rabbit farms identified ten Eimeria species, with 
prevalence ranging from 8.0% to 98.5% depending on the 
species, and the highest mean oocyst count reached 21,100 
OPG in mid-May [31]. 

Research conducted in Romania showed that domestic 
rabbits exhibited a prevalence of Eimeria spp. infection of 
52.3% [32]. In three Algerian regions, Maziz-Bettahar et 
al. (2018) reported a post-weaning coccidian prevalence of 
90%. Across the examined farms, two to six Eimeria spe-
cies were detected per location, with eight species identi-
fied in total. The most prevalent were E. magna (42.5%), 
E. media (17.6%), and E. irresidua (14.9%). High oocyst 
excretion was significantly associated with limited anti-
coccidial use (25.0% of farms) and poor hygienic condi-

tions (65.0% of farms) [33]. In the Sichuan Province of 
southwestern China, an investigation based on 110 sam-
ples collected from 11 farms reported an overall Eimeria 
prevalence of 56.4%, with the highest infection rate oc-
curring in weaned rabbits (74.0%). These results indicate 
that kits and recently weaned rabbits constitute the most 
vulnerable age category, representing the period of great-
est susceptibility to eimeriosis [34].

Using a specifically designed pair of primers for ITS-
1 region amplification and applying the PCR analysis 
proposed by Oliveira, eight samples from rabbits reared 
in the Czech Republic and France were examined, reveal-
ing the highest presence of oocysts of E. magna, E. fla-
vescens, E. piriformis, E. perforans, and E. irresidua. 
The scientific study conducted by Oliveira (2011) [18] 
was used as the basis for subsequent published studies. 
In China, Brazil and Mexico, the species that were most 
frequently detected included E. flavescens (61.82%), 
E.  magna (42.5%), E. intestinalis (11.3%), and E.  per-
forans (35.2%) [1, 35, 36]. 

In Germany, E. media, E. magna, and E. perforans 
were the most commonly detected species, whereas E. exi-
gua was observed relatively infrequently [37]. These find-
ings demonstrate the widespread occurrence of Eimeria 

Table 4. Identification of Eimeria spp. based on ITS-1 rDNA and GenBank accession numbers

Sample code Eimeria spp.
GenBank

accession no.
Highest identity with GenBank

Percent identity Accession number

E1a E. piriformis PZ160625 100%
HM768889.1
host: Rabbit 

Czech Republic [18]

E1b E. magna PZ160626 98.60%
MK590197.1
host: Rabbit

China

E2 Eimeria sp. PZ160627 Eimeria perforans 96.45%
HM768888.1
host: Rabbit 
France [18]

E3 Eimeria sp. PZ160628 Eimeria perforans 96,63%
HM768888.1
host: Rabbit 
France [18]

E4 E. irresidua PZ160629 100%
HM768885.1 
host: Rabbit 

Czech Republic [18]

E5 E. irresidua PZ160630 100%
HM768885.1
host: Rabbit

Czech Republic [18]

E6 E. magna PZ160631 98.60%
MK590197.1
host: Rabbit

China

E7 E. flavescens PZ160632 99.18%
MN535227.1
host: Rabbit 

Mexico
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infections in European rabbit and hare populations and 
underscore the importance of ongoing monitoring and 
control measures. Although numerous studies have identi-
fied Eimeria spp. in domestic rabbits solely on the basis of 
oocyst morphology [8, 21, 38], accurate species differenti-
ation remains challenging due to the considerable morpho-
logical overlap among the many Eimeria species capable 
of infecting rabbits [39].

Infections caused by P. ambiguus may affect the pro-
duction performance, especially in young and weaned 
kits. The intensity of infection may also vary depending 
on the season and the age of the rabbits [22]. Among all 
examined samples collected in the Gelnica District, the 
prevalence of Passalurus eggs was 7.2%, with egg counts 
ranging from 50 to 200 EPG. This represents a 3.0% low-
er prevalence compared to a 2015 study conducted in 
Eastern Slovakia, which reported a prevalence of 10.2% 
[29]. In a study from Poland, Szkucik et al. (2014) detect-
ed P. ambiguus eggs with a prevalence of 5.83% [40]. In 
Southern Italy, infection intensity was high, with 82.3% 
of examined rabbits testing positive using the FLOTAC 
technique [41]. The most recent study from Ukraine 
reported morbidity rates of passalurosis ranging from 
37.70% to 41.67% in domestic rabbits, with the highest 
infection intensity (82.76%) observed in animals aged 
1–2 years [42]. A study conducted in south-western Ro-
mania reported a 4.4% prevalence of P. ambiguus eggs 
in domestic rabbits, based on coproscopic examination 
of 111 individuals [32]. In contrast, research performed 
in Hungary on rabbit farms revealed a different pattern, 
showing a significantly lower infection rate in the grow-
ing stage (5–11 weeks old); the highest infection rate was 
detected in samples collected from young rabbits during 
the lactation period [43]. 

It is important to highlight that the post-weaning period 
represents the highest risk phase for digestive diseases in 
rabbits, where endoparasitism and bacterial infections are 
among the most common health issues [44]. 

CONCLUSION

The present study aimed to investigate the occurrence 
of intestinal parasites in rabbits from selected rabbit farms 
in the Gelnica District, focusing on hobby and meat rabbits 
raised on these farms. A total of 87 faecal samples were 

collected from individual rabbits as well as from groups 
of breeding females with their young. Coprological exam-
ination revealed a high overall prevalence of oocysts of 
Eimeria spp. (95.4%), despite the absence of overt clini-
cal signs in most animals. The intensity of infection var-
ied across breeds and locations, with the highest oocyst 
counts observed in breeding females and their kits. Eggs 
of the P. ambiguus were also detected, although at a lower 
prevalence (7.2%), mainly in hobby and meat rabbits from 
specific breeds and sites. Molecular analysis using PCR 
allowed species-level identification of Eimeria spp., pro-
viding new insights into the genetic diversity of these par-
asites in Slovakian rabbit populations. This represents the 
first molecular characterization of Eimeria spp. in rabbits 
in Slovakia. Given the high prevalence and potential im-
pact on rabbit health and breeder economy, routine para-
sitological monitoring and early intervention strategies are 
strongly recommended. Regular screening for intestinal 
parasites, particularly Eimeria spp. and P. ambiguus can 
help mitigate financial losses and improve animal welfare 
in both hobby and commercial rabbit production systems. 
Effective prevention of coccidiosis in commercial rabbit 
production requires strict hygiene management, including 
regular removal of faeces, sanitation of cages and equip-
ment, and environmental conditions. In addition, regular 
parasitological monitoring and the appropriate use of an-
ticoccidial drugs can help reduce the spread of infection, 
minimize economic losses, and improve animal welfare.
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ABSTRACT

Swine Infl uenza A virus (SIV-A) is a signifi cant zoonotic pathogen with 
the potential to cause pandemics. In Ukraine, surveillance is crucial due to 
the risk of interspecies transmission between pigs and humans. SIV-A cir-
culates within swine populations and undergoes frequent genetic changes, 
increasing its variability and pathogenicity. In this study, we monitored 
the presence of SIV-A on 92 pig farms in the Lviv and Kyiv regions dur-
ing the period 2021–2024. Serological testing was performed using the 
IDEXX Infl uenza A Virus Ab Test Kit, revealing 24 seropositive farms, 
with a decreasing trend observed over the years. Additionally, 422 pigs 
from seropositive farms were tested for SIV-A using real-time RT-PCR, 
and the virus was detected in 59 individuals. These results suggest that 
while epizootic control measures were largely eff ective, the virus contin-
ues to circulate among susceptible animals. Continuous surveillance and 
timely intervention remain essential for detecting emerging subtypes and 
preventing potential outbreaks.
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INTRODUCTION

Swine fl u, or porcine infl uenza, is a respiratory viral 
infection caused by the swine infl uenza A virus (SIV-A) 
that predominantly aff ects pigs. This infection is important 
both for humans and for animals.

SIV-A was fi rst isolated in 1930; since then, it has be-
come endemic in pigs worldwide. The major challenge 

of the disease is the big number of diff erent subtypes and 
genotypes of the virus circulating among pigs worldwide 
[1]. The other scientists [2–5] emphasize the potential 
pandemic risk of circulating SIV-A. Mon et al. [6] found 
that the genetic diversity of SIV-A possesses zoonotic and 
reverse zoonotic potentials. Even though only a few hun-
dred confi rmed human cases caused by SIV-A have been 
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reported, Abdelwhab et al. [7] claim that a high vigilance 
is needed to prevent the next pandemic caused by animal 
influenza viruses.

The study done by Meng et al. [8] demonstrates that 
SIV-A may become pathogenic and transmissible by ac-
quiring key mutations in acidic polymerase. The authors 
especially emphasize the possible pathogenicity develop-
ment in different species of animals.

Surveillance of occupational exposure among persons 
working with pigs showed that up to 20.5% of humans 
may become seropositive, indicating the acquired human 
infectivity of SIV-A [9]. The authors further claim that 
such high infectivity enhances the possibility for viruses 
to acquire humans’ pathogenicity and raises concerns for 
the possible pandemic effect. 

The lack of attention to swine influenza makes it possi-
ble for the animals at exhibitions and fairs to be the spread-
ing source of the virus. There were identified deficiencies 
of routine event biosecurity that may have important pub-
lic and animal health consequences [10, 11]. Furthermore, 
the complexity of viral detection and control in exhibition 
swine indicates that the viruses are likely to continually ree-
merge, presenting threats to human and animal health [12].

The global monitoring of swine influenza SIV-A is im-
portant for human and animal health and represents a vital 
'One Health' challenge for human and veterinary medicine 
[13, 14]. Yet, the collective knowledge regarding the oc-
currence of influenza among swine is still incomplete. It is 
mainly due to lack and inconsistency of surveillance data 
on SIV-A prevalence among the world’s swine populations 
[15]. Monitoring the viral pathogens is important for disease 
control and is critical from a preventive standpoint [16].

With this, the main aim of our article was to estimate 
the viral RNA and seropositivity prevalence of SIV-A on 
industrial pig farms in Ukraine.

MATERIALS AND METHODS

The study period encompasses four years (2021–2024). 
The pig’s samples (nasal swabs and serum) came from 92 
farms from the Lviv and Kyiv regions, with a total of 422 
animals examined.

For the antibody detection, the IDEXX Influenza A Vi-
rus Ab Test Kit (IDEXX, USA), a blocking ELISA test that 
recognizes serum antibodies to any influenza A subtype of 

swine influenza virus, was used. The test was performed 
according to the manufacturer´s instructions.

For virus detection, total RNA was extracted from sam-
ples using the MagMAX Core Nucleic Acid Purification 
Kit (ThermoFisher Scientific, Applied Biosystems, USA) 
according to the manufacturer’s instructions. The presence 
of the Influenza A virus was detected using the Kylt® In-
fluenza A Real-Time RT-PCR Kit (Kylt®, AniCon Labor 
GmbH, Germany). The assay was performed following 
the protocol provided by the manufacturer. Reactions were 
run on a QuantStudio™ 5 Real-Time PCR System (Ther-
mo Fisher Scientific, USA). Each reaction included an in-
ternal control provided with the Kylt® kit to validate RNA 
extraction and PCR performance. 

RESULTS

In 2021, serological positivity for SIV-A was detected 
in 41.2% (7 seropositive farms from 17 industrial tested 
farms). In 2022 and 2023, the rate decreased from 26.1% 
(6/23) to 21.8% (7/32). In 2024, seropositivity reached 
20.0% in 20 farms. Trend line of serological testing of 
farms among years is shown in Figure 1.

Results of virus detection are shown in Table 1. In 
2021, 103 clinical samples from seven farms were analyz-
ed, with 16.5% testing positive for SIV-A. In subsequent 
years, the prevalence of viral RNA detection in clinical 
samples remained high: 15.9% in 2022, 13.7% in 2023, 
and 10.2% in 2024. On average, 14% of tested samples 
from affected farms were positive for viral RNA, demon-
strating ongoing circulation and persistence of the virus.

DISCUSSION

Analysis of data from 92 industrial pig farms over the 
study period confirmed a decreasing trend in the occur-
rence of the influenza A virus, indicating an intensification 
of epizootic activity during the monitoring years. Never-
theless, given that the infection rate ranged from 20% to 
41.2%, our findings indicate sustained transmission of the 
virus among susceptible individuals. The persistent detec-
tion of viral RNA (10.2–16%) among seropositive animals 
underscores the heightened epizootic risk and facilitates 
rapid reinfection cycles within affected farms. 
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Influenza viruses remain important pathogens affecting 
human and animal health. They have relatively low path-
ogenicity for swine, but in conjunction with other patho-
gens, the outcome can be unfavorable or even mortal [17]. 
It is also known that SIV-A circulates in swine populations 
worldwide, and has the ability for reverse zoonosis from 
humans to swine, and for interspecies transmission [8, 13, 
14]. It was also clearly shown the rising historical drug 
resistance level of SIV-A around the world that is mediated 
by the evolution of adamantanes-resistant mutations [18]. 
The authors also emphasize the importance of properly 
monitoring the adamantanes' susceptibility of SIV-A and 
the necessity to draw attention to the evolution of drug-re-
sistant H1N1 influenza variants. 

Swine influenza is considered one of the most impor-
tant pathogens of swine respiratory disease in Europe. This 
infection is primarily caused by H1N1, H1N2, and H3N2 
influenza A viruses that have remained endemic in Europe-
an pig populations for many years. Significant differences 
in the circulation of these strains occur in different regions 
across Europe [19].

The result of our study presents an analysis of the 
serological prevalence and epizootic trends of swine in-
fluenza A virus among industrial pig farms in Ukraine 
from 2021 to 2024. The data indicate a progressive de-
crease in seropositivity rates, highlighting the worsen-
ing epizootic situation and the risk of viral reassortment 
with potential zoonotic implications. Since the 2009 in-
fluenza pandemic caused by the A(H1N1) virus, swine 
populations have been recognized as important reser-
voirs for diverse influenza A virus lineages and reassort-
ment events [20, 21]. In Ukraine, although systematic 
large-scale surveillance has been limited [22], available 
reports from national veterinary monitoring systems 
and WOAH notifications indicate sporadic detection 
of swine influenza A virus in the post-pandemic period 
prior to 2021. Regional studies and serological surveys 
conducted in different parts of the country also suggest 
the circulation of influenza A virus among pig popula-
tions (unpublished data), though data remain fragment-
ed and geographically heterogeneous. These limitations 
underscore the importance of longitudinal studies, such 

Fig. 1. Dynamics of detection of antibodies to the influenza A virus on industrial pig farms of Ukraine

Table 1. Detection of influenza A virus in animals from seropositive pig farms in Ukraine 

Year Number of samples tested Number of positive samples Prevalence
of Influenza A virus (%)

2021 103 17 16.5

2022 63 10 15.9

2023 168 23 13.7

2024 88 9 10.2

Total 422 59 14.0
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as the present work, for assessing temporal trends in 
seroprevalence and epizootic dynamics.

In Germany, present enzootic swine influenza viruses 
include several co-circulating, antigenically different vi-
ruses of each of the H1N1 and H1N2 subtypes [23]. The 
data obtained by Trombetta et al. [24] suggest that swine 
influenza viruses might have circulated in Italy as early as 
2004, at least in the swine population. According to the 
authors, this finding highlights the importance of continu-
ing monitoring the influenza viruses’ spread in animals and 
humans for more detailed surveillance. Van Reeth et al. 
[25] suggested that SIV-A are enzootic in swine-producing 
regions of Western European countries, while in Central 
Europe SIV-A activity is low.

Bakre et al. [26] analyzed the diversity of SIV-A in na-
sal washes and oral fluids from commercial swine farms 
in the USA using influenza M qRT-PCR and hemaggluti-
nin and neuraminidase subtyping. It was found a predom-
inance of H1 HAs and N2 NAs in the samples examined. 
There were also identified HAs of the H1 alpha cluster 
of human novel pandemic origin. The authors claim that 
SIV-A surveillance can aid the understanding of viral 
transmission dynamics and help clarify the diversity of its 
human-swine interaction.

SIV-A subtypes in Brazilian commercial pig herds were 
studied from the year 2012 to 2019. A higher occurrence of 
H1N1 was observed from the year 2012 to 2015, H3N2 in 
2017, and H1hu in the years 2017 to 2019. Serological data 
suggested a cyclical character of infection occurrence be-
tween the H3N2 and H1N1 virus subtypes over time [27]. 
The authors conclude that monitoring SIV-A circulation 
provides the relevant information for field veterinarians to 
apply proper and timely control measures on the sites. 

The results obtained by López-Robles et al. [28] 
demonstrated a high circulation of strains similar to North 
American linage among commercial farms in Mexico. 
The influenza virus H1 circulating in northwestern Mex-
ico showed 97–100% identity among them, 89% identi-
ty with other North American strains, 88% – with strains 
from central Mexico, and 85% with the pandemic A/
H1N1p2009 virus. 

The results of another study [29] demonstrated circu-
lation of SIV-A throughout Guatemala. The authors deter-
mined the virus’s identity on commercial farms, animal 
health status, and age as potential risk factors associated 
with swine influenza virus infection and exposure. Detec-

tion of human-origin viruses in pigs leads to suggestions 
about a human role in the molecular epidemiology of virus 
influenza in swine.

Prevalence and distribution results obtained by Li et al. 
[30] helped to recognize the risk factors of swine influenza 
infection on commercial farms in China. The open access 
of wild birds to piggeries, the presence of wild or domestic 
poultry on a pig farm and no proper biosecurity measures 
applied to workers working on the farms were found to in-
crease the probability of swine virus influenza in commer-
cial pigs. The surveillance data also allowed Zhao et al. 
[31] to find out that the occurrences of coinfections from 
two or more subtypes foster their capacity to produce new 
viruses. The authors emphasized the need for continuous 
surveillance and analysis of influenza viruses. 

A pilot study on influenza A viruses’ prevalence in 
South Africa suggests that they are likely highly prevalent 
in the country’s swine farms [32]. The authors concluded 
that South Africa would benefit from periodic surveillance 
for influenza viruses in swine farms. It was also noted the 
importance of education and seasonal influenza vaccine 
programs for the workers on swine farms.

Epidemiological features of swine influenza circula-
tion in farm populations anticipate the continuous serolog-
ical and systematic molecular surveillance to monitor the 
status of swine influenza virus circulating in swine popu-
lations worldwide [33–35]. 

The above-stated monitoring data on the prevalence 
of swine influenza A viruses are extremely useful for fa-
miliarizing ourselves with their spread, which makes it 
possible to better understand the epizootology of these 
infections and their ability to increase their pathogenicity 
and prevalence. This data makes it possible to approach 
the development of appropriate diagnostic and preventive 
measures.

CONCLUSIONS

The long-term persistence of swine influenza virus A 
in industrial pig farms of Ukraine poses a serious risk of 
viral reassortment and increased virulence, with potential 
zoonotic consequences. This situation is exacerbated by 
the lack of systematic vaccination and the uncontrolled 
movement of animals and humans, particularly in conflict 
zones. Strengthened biosecurity measures, enhanced sur-
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veillance, and targeted vaccination programs are urgently 
needed to mitigate the threat of widespread outbreaks and 
potential transmission to humans. The monitoring of the 
prevalence of swine influenza viruses is useful not only 
for familiarizing oneself with their geographical distribu-
tion but also for providing a deeper understanding of the 
particularity of their epidemiology, spreading ability, and 
pathogenicity. It can improve the development and imple-
mentation of relevant preventive and control measures for 
the persistence of SIV-A in industrial pig farms.
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ABSTRACT

Glucagon-like peptide-1 (GLP-1) is a hormone with multiple biological 
eff ects that plays a key role in glucose metabolism, digestion, and energy 
homeostasis. In pigs, GLP-1 serves as an important metabolic regulator 
with relevance for both production effi  ciency and translational research. 
This review summarizes current knowledge on GLP-1 physiology in pigs, 
including synthesis, secretion, metabolism, and biological actions. Par-
ticular emphasis is placed on the role of GLP-1 in insulin secretion, diges-
tive function, including gastric mucosal protection and ulcer prevention, 
appetite regulation, and lipid metabolism. Understanding GLP-1 mecha-
nisms in pigs has practical implications for optimizing feeding strategies 
in swine production and provides insights relevant to human metabolic 
disease research.
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INTRODUCTION

Glucagon-like peptide-1 (GLP-1) is a 30-amino acid 
incretin hormone originating in intestinal enteroendocrine 
L-cells where proglucagon undergoes tissue-specifi c enzy-
matic processing [1]. It is an incretin hormone that enhanc-
es glucose-dependent insulin secretion following nutrient 
intake. Since its discovery in the 1980s, GLP-1 has be-
come the focus of intensive research due to its therapeutic 
potential for treating type 2 diabetes and obesity in humans 
together with other emerging therapeutic areas [2, 3].

Although most GLP-1 research has been conducted in 
humans and laboratory rodents, pigs also represent a val-
uable model for studying GLP-1 physiology. Due to their 

comparable anatomical and physiological features to hu-
mans, pigs provide relevant biomedical models for met-
abolic disease research [4]. Additionally, understanding 
GLP-1’s role in pig metabolism has practical signifi cance 
for improving feed effi  ciency and growth performance in 
commercial pig production [5]. Research on GLP-1 in var-
ious animal models, including pigs, has greatly contribut-
ed to the development of GLP-1-based therapeutics now 
widely used in clinical practice, especially for treating type 
2 diabetes and obesity [2, 6].

In pigs, proglucagon is processed to GLP-1 and other 
bioactive peptides through prohormone convertase (PC) 1/3 
in intestinal L-cells [1]. The bioactive forms include GLP-
1(7-36) amide and GLP-1(7-37), with the amidated form pre-
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dominating in pigs as in humans [7]. Eissele et al. [8] demon-
strated a distribution of L-cells (GLP-1-releasing cells) along 
the gastrointestinal tract, with the highest accumulation in the 
distal part of the small intestine and colon (Figure 1). Like 
other mammals, pigs exhibit rapid GLP-1 degradation by di-
peptidyl peptidase-4 (DPP-4), resulting in a plasma half-life 
of approximately 1–2 minutes [9, 10, 11].

LITERATURE SEARCH STRATEGY

Relevant scientific literature was identified through 
systematic searches of the PubMed, Web of Science, Scop-
us, and Google Scholar databases. The search strategy em-
ployed combinations of the following keywords and their 
variants: GLP-1, glucagon-like peptide-1, pigs, porcine, 
incretin, glucose metabolism, insulin secretion, digestive 
function, gastric emptying, gastric ulcers, gastroprotec-
tion, gut hormones, and intestinal microbiota.

Publications published primarily between 1990 and 
2025 were considered, with emphasis placed on peer-re-
viewed original research articles and review papers written 
in English. Additional relevant references were identified 
through manual screening of the reference lists of selected 
articles. Studies focusing on GLP-1 physiology, secretion, 
metabolism, and biological effects in pigs were prioritized, 
while key comparative studies in humans and other ani-
mal models were included where they provided important 
mechanistic or translational insights. Only publications di-
rectly relevant to metabolic, digestive, or gastrointestinal 
aspects of GLP-1 were included in the final synthesis.

GLP-1 SECRETION AND REGULATION

Nutrient and Neural Regulation
Nutrient intake, particularly carbohydrates and lipids, 

has been shown to stimulate GLP-1 secretion in pigs [12]. 

Fig. 1. Schematic representation of GLP-1 biological multi-organ effects mediated through the GLP-1 receptor (GLP-1R). GLP-1 regulates 
multiple physiological processes, including insulin secretion from pancreatic β-cells, appetite control in the brain, gastric emptying and 

GI motility, hepatic lipid metabolism, and adipose tissue energy consumption. Adapted from Alturki et al. (2025) [46] (CC BY 4.0 license)
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Perfused porcine ileum studies demonstrate dose-depend-
ent GLP-1 release in response to glucose [13]. Long-chain 
fatty acids are especially potent secretagogues, acting 
through G-protein-coupled receptors (GPCRs) on L-cells 
[14]. Also, fermentable dietary fibers promote GLP-1 se-
cretion through short-chain fatty acid production by gut 
microbiota [14, 15].

Glucagon-like peptide-1 secretion in pigs is also mod-
ulated by neural mechanisms. Sympathetic innervation 
inhibits secretion via α-adrenergic receptors, while β-adr-
energic receptor activation and cholinergic stimulation 
enhance GLP-1 release [16]. However, vagal nerve stimu-
lation shows minimal effect in anesthetized pigs, suggest-
ing intrinsic cholinergic nerves play a more important role 
than extrinsic vagal pathways [16]. These findings indicate 
complex local and systemic regulation of GLP-1 secretion.

Glucagon-like peptide-1 secretion exhibits both nu-
trient-stimulated and basal autonomous patterns. While 
acute secretory responses to nutrients represent the prima-
ry regulatory mechanism, recent evidence indicates that in 

humans, GLP-1 also follows an intrinsic circadian rhythm. 
L-cells have been demonstrated to possess autonomous 
molecular clocks regulated by identified core circadian 
genes (BMAL1 and CLOCK) modulating time-dependent 
GLP-1 secretion patterns independently of immediate nu-
trient stimuli [17]. The basal autonomous pattern as de-
scribed in humans may be disrupted by various factors, 
including high-fat diets, irregular sleep patterns, and gut 
microbiota dysbiosis, potentially contributing to metabol-
ic dysfunction [17]. Characterizing these temporal secre-
tion patterns should be considered when developing guide 
evidence-based feeding strategies in pig production and 
providing comparative insights into circadian metabolic 
regulation across mammals.

Metabolism and Clearance
Glucagon-like peptide-1 metabolism in pigs exhibits 

tissue-specific patterns. Studies in anesthetized pigs re-
veal substantial renal extraction of endogenous GLP-1 
(approximately 33%), indicating the kidneys play a ma-

Fig. 2. Molecular mechanism of GLP-1 receptor signalling in pancreatic β-cells. Adapted from Sheikh (2013) [34] (CC by 2.0 license).
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jor role in GLP-1 clearance, as confirmed by subsequent 
studies in the same model [9, 18]. The liver and lungs 
also contribute to elimination through N-terminal cleav-
age by DPP-4 [9, 10]. Peripheral tissues including skele-
tal muscle show significant GLP-1 extraction, suggesting 
widespread hormone metabolism [9]. This rapid degrada-
tion necessitates continuous secretion to maintain physi-
ological effects [1].

GLUCOSE METABOLISM AND INSULIN SE-
CRETION

The Incretin Effect
The incretin effect has attracted growing interest since 

the identification of GLP-1 as a physiological incretin in 
humans by Kreymann et al. [19]. In pigs, glucagon-like 
peptide-1 contributes significantly to the incretin effect, 
whereby oral glucose results in greater insulin secretion 
than intravenous glucose at equivalent blood glucose lev-
els [20]. This effect is comparable in magnitude to the 
one observed in humans, supporting the pig’s validity as 
a translational model [4, 21]. Both GLP-1 and glucose-de-
pendent insulinotropic polypeptide (GIP) cooperate to in-
crease insulin secretion [20].

The glucagon-like peptide-1 receptor on pancreatic 
β-cells activates adenylyl cyclase via Gs proteins, increas-
ing intracellular cAMP and activating protein kinase A 
(PKA) [2, 22]. This signalling pathway is shared across 
mammals (Figure 2). Importantly, the insulinotropic ac-
tion of GLP-1 is glucose-dependent, stimulating insulin 
secretion only at elevated glucose levels and thereby min-
imizing the risk of hypoglycemia [20]. This safety feature 
differentiates GLP-1 from conventional insulin secreta-
gogues [23].

β-Cell Effects
Beyond acute insulin secretion, GLP-1 exerts long-

term trophic effects on pancreatic β-cells. Studies using 
porcine islets demonstrate that GLP-1 promotes β-cell 
proliferation, inhibits apoptosis, and increases insulin gene 
expression [24]. These protective effects involve PKA and 
EPAC (exchange protein directly activated by cAMP) 
pathways. Such trophic actions may be particularly rele-
vant during metabolic challenges and developmental tran-
sitions in pigs, such as weaning [12, 25]. The capacity to 

maintain β-cell mass and function suggests GLP-1 plays a 
role beyond immediate glucose regulation.

DIGESTIVE FUNCTION

Gastric Emptying and Motility
Glucagon-like peptide-1 significantly slows gastric 

emptying in pigs [26]. This effect contributes to postpran-
dial glucose control by moderating nutrient delivery to the 
small intestine, thereby influencing the rate of glucose ab-
sorption. The mechanism involves both direct effects on 
gastric smooth muscle as well as indirect neural pathways 
[27, 28]. Delayed gastric emptying also enhances satie-
ty and reduces food intake. Additionally, GLP-1 inhibits 
gastric acid secretion, complementing its effects on gastric 
emptying [26].

Glucagon-like peptide-1 also influences intestinal func-
tion beyond the stomach. It modulates intestinal motility 
and may affect pancreatic enzyme secretion, though these 
effects vary with physiological conditions [29]. Recent ev-
idence suggests GLP-1 supports intestinal barrier integrity 
and reduces intestinal permeability [2, 4]. This is particular-
ly relevant during weaning stress and dietary transitions in 
commercial pig production, where maintaining gut health is 
crucial for animal welfare and performance [30].

Nutrient Absorption
Emerging evidence indicates GLP-1 may influence in-

testinal nutrient absorption, though the specific mechanisms 
in pigs remain incompletely understood. Results from post-
natal preterm pig studies indicate that intestinal maturation 
is associated with changes in hexose absorptive capacity and 
brush-border enzyme activities, processes in which gut hor-
mone signalling from intestinal L-cells plays an important 
role in postnatal intestinal development [12]. Furthermore, 
GLP-1’s effects on intestinal blood flow may indirectly sup-
port nutrient uptake [25]. These actions have important im-
plications for feed efficiency in swine production, though 
practical applications require further investigation.

Gastric Ulcers
Gastric ulcers are a frequent finding in pigs, especially 

in those raised in large-scale farms, significantly affecting 
productivity. Development of gastric ulcers in pigs has 
been extensively studied. Key contributing factors include 
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infectious agents (Helicobacter suis), feeding strategies, 
environmental factors inducing stress, and non-steroidal 
anti-inflammatory drugs (NSAIDs) administration [31].

Despite commonly reported gastrointestinal adverse ef-
fects associated with GLP-1 receptor agonist therapy in pa-
tients with type 2 diabetes, several beneficial actions beyond 
glycaemic control have been documented [32, 33, 34].

Glucagon-like peptide-1 may exert gastroprotective 
properties via several mechanisms, including delayed gas-
tric emptying [35], inhibition of gastric acid secretion [36, 
37], enhanced mucosal barrier function [38, 39], and an-
ti-inflammatory effects [32, 33], as demonstrated in mul-
tiple species, including humans and pigs. Understanding 
the relationship between GLP-1 and gastric ulcers may be 
of particular relevance in swine production, where gastric 
ulceration is highly prevalent [31].

APPETITE REGULATION AND FOOD INTAKE

Glucagon-like peptide-1 functions as a satiety signal 
in pigs, reducing voluntary feed intake when administered 
exogenously [40]. This effect involves peripheral mecha-
nisms like delayed gastric emptying and central mecha-
nisms mediated through GLP-1 receptors in the hypothal-
amus and brainstem [25, 28]. GLP-1 receptors are present 
in brain regions that control food intake and energy home-
ostasis, including the nucleus tractus solitarius and area 
postrema [25, 28].

From a production perspective, modulating the GLP-
1 system could theoretically optimize feed efficiency by 
improving the growth-to-feed ratio. Dietary strategies 
promoting endogenous GLP-1 secretion, such as ferment-
able fiber supplementation, may influence food intake and 
metabolic efficiency [14, 15]. The gut microbiota plays a 
key role, producing short-chain fatty acids that stimulate 
GLP-1 release [14, 15].

LIPID METABOLISM

Glucagon-like peptide-1 influences lipid metabolism 
through multiple pathways. In porcine models of metabol-
ic syndrome [4], GLP-1 receptor activation associates with 
reduced hepatic lipid accumulation and improved hepatic 
lipid metabolism (including increased fatty acid oxidation 

and decreased lipogenesis), consistent with effects ob-
served across diverse mammalian models [41]. These ef-
fects may result from direct hepatocyte actions or indirect 
mechanisms involving insulin secretion and food intake 
changes [41]. 

Glucagon-like peptide-1 may also affect adipose tissue 
metabolism by modulating lipolysis and lipogenesis [42]. 
However, results across studies show some inconsistency, 
possibly reflecting differences in experimental protocols, 
pig breeds, or metabolic states. Understanding GLP-1’s 
role in lipid metabolism is important for optimizing meat 
quality and metabolic health in pig production, as well as 
for developing pig models of lipid disorders relevant to 
human health [4].

DEVELOPMENTAL AND GENETIC ASPECTS

Glucagon-like peptide-1 physiology changes through-
out pig development. Studies examining blood plasma 
and intestinal GLP-1 concentrations during suckling and 
post-weaning reveal significant developmental changes 
[43]. Neonatal and weaned piglets exhibit different GLP-
1 secretory patterns and receptor sensitivity compared to 
adult pigs [43]. These changes reflect enteroendocrine sys-
tem maturation and adaptation to dietary transitions that 
occur across key production stages in pigs.

Genetic variability in the GLP-1 system exists among 
pig breeds. Evidence from human and animal studies sug-
gests that differences in body composition and metabolic 
status may influence incretin responses and GLP-1 sensi-
tivity [27, 44]. Understanding this genetic variation could 
inform breeding strategies aimed at improving metabolic 
efficiency and production traits. The interaction between 
genotype and nutrition in modulating the GLP-1 system 
represents an important area for future investigation, po-
tentially enabling precision feeding strategies tailored to 
genetic background.

TRANSLATIONAL SIGNIFICANCE AND FU-
TURE PERSPECTIVES

Pigs serve as excellent translational models for GLP-1 
research due to anatomical, physiological, and metabolic 
similarities to humans [4]. Porcine GLP-1 research has 
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contributed to understanding incretin physiology and de-
veloping GLP-1-based therapeutics for type 2 diabetes and 
obesity [2]. In past years, GLP-1-based therapy and DPP-4 
inhibitors have become a standard clinical treatment, and 
porcine models have played important roles in their devel-
opment [45, 3]. Conversely, insights from human clinical 
studies can inform strategies to optimize metabolic health 
and production efficiency in swine [5, 10].

Future research directions include investigating inter-
actions between GLP-1 and other gut hormones, exploring 
the gut microbiota’s role in GLP-1 modulation, and de-
veloping dietary strategies to enhance endogenous GLP-
1 secretion [2, 14, 15]. Understanding how early-life nu-
trition influences GLP-1 system development could have 
implications for programming metabolic health [12, 22]. 
Additionally, exploring GLP-1 modulation for improv-
ing feed efficiency and reducing environmental impacts 
of pig production represents an important sustainability 
consideration. The potential for GLP-1-based approaches 
to enhance both animal welfare and production efficiency 
warrants continued investigation.

CONCLUSION

Glucagon-like peptide-1 is a hormone with diverse bi-
ological actions, playing a key role in glucose metabolism, 
digestive function, and appetite regulation in pigs. The 
physiological importance of GLP-1 in pigs largely paral-
lels its role in other mammals, including humans, support-
ing the pig’s utility as both an agricultural species and a 
translational model for metabolic diseases. Understanding 
GLP-1 mechanisms has practical implications for optimiz-
ing nutrition and management in pig farming. Continued 
research on GLP-1 physiology in pigs promises to gain 
insights relevant to both animal production and biomedical 
research, contributing to improved production efficiency 
and understanding of metabolic regulation across species.
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ABSTRACT 

The aim of this study was to evaluate the eff ects of parity, days in milk 
(DIM), and season on somatic cell count (SCC) in milk of Holstein dairy 
cows. The study was conducted on a single dairy farm in eastern Slova-
kia on 600 cows with an average annual milk yield of 10,317 ± 653 kg, 
fed a total mixed ration. Cows were grouped according to parity, DIM, 
and season. Milk composition (protein, fat, lactose) was determined using 
near-infrared spectrophotometry (MilkoScan FT+), and SCC was meas-
ured using Fossomatic FC and Bentley FCM. Parity signifi cantly aff ected 
SCC, with the lowest values observed in primiparous cows and a signif-
icant increase (P < 0.001) with advancing lactation number; the highest 
somatic cell count was recorded in the 4th and higher lactations. The eff ect 
of days in milk showed increased somatic cell count during early (0–30 
days) and peak lactation (31–100 days), followed by the lowest values (P < 
0.05). As lactation progressed and milk yield declined, somatic cell count 
increased, reaching maximum levels after 305 days. Seasonal variation 
was also signifi cant, with the highest somatic cell count observed in sum-
mer (P < 0.001) and the lowest in winter months.

Keywords: cow milk; days in milk; mastitis; parity; season

INTRODUCTION

The somatic cell count (SCC) in milk is one of the most 
important indicators of hygienic quality and mammary 
gland health in dairy cows. Somatic cells (SC) are a natural 
component of cow’s milk and consist mainly of leukocytes 
(white blood cells) and epithelial cells originating from the 
lining of the mammary gland. Their primary function is to 
provide immune protection against microbial infections in 

the udder. An increased SCC is generally associated with 
infl ammatory processes in the mammary gland, particular-
ly mastitis, which is one of the most common and econom-
ically signifi cant diseases in dairy cows [1, 2]. 

According to Regulation (EC) No. 853/2004, Euro-
pean food legislation has established limit values for the 
average somatic cell count (SCC) in raw cow’s milk of 
400,000 cells.ml-1 in European Union countries [3]. In 
the United States, the maximum permissible SCC limit 
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for raw milk is 750,000 cells.ml-1 [4]. Milk from healthy 
cows typically contains a low SCC (< 200,000 cells.ml-1), 
whereas elevated values indicate an immune response as-
sociated with inflammation or the presence of subclinical 
mastitis [5].

In practice, the SCC is widely used as an important tool 
for monitoring herd health status, enabling early detection 
of subclinical mastitis, and evaluating the effectiveness 
of management measures in dairy herds. In addition to its 
relevance to animal health, SCC has a substantial impact 
on the technological properties of milk. Elevated somatic 
cell counts adversely affect milk composition, particularly 
protein, fat, and lactose contents, impair milk processing 
characteristics, and may reduce both the yield and quality 
of dairy products, especially cheese [6, 7].

Factors influencing the SCC in the milk of dairy cows 
include the stage of lactation, parity, season, time of milk 
sampling, milk yield, body condition, herd management, 
genetics, and the health status of the mammary gland [8].

Parity, days in milk (DIM), and season are major bio-
logical and environmental determinants of SCC variabil-
ity. Parity reflects cumulative exposure to pathogens and 
physiological aging of the mammary gland, DIM repre-
sents changes associated with different stages of lactation 
and metabolic status, and season reflects environmental 
influences such as temperature stress. These factors are 
among the most frequently reported determinants of SCC 
in dairy production systems.

The aim of this study was to evaluate the effects of par-
ity, days in milk, and season on the SCC in the milk of 
dairy cows. We hypothesized that parity, DIM, and season 
significantly influence SCC, with higher SCC expected in 
cows of higher parity, at the end of lactation, and during 
the summer season due to environmental and physiologi-
cal stress.

MATERIALS AND METHODS

Data collection
The study was conducted  on a single dairy farm in the 

east of Slovakia, which is situated at 48°34′ north latitude 
and 20°53′ east latitude, an analysis of Holstein dairy cows 
(n = 600), whose annual milk production was 10,317 ± 653 
kg and which were fed a total mixed ration (TMR) formed 
from corn, clover, and grass silage supplemented with a 

concentrate component based on corn, wheat, barley, oats, 
soybean, and rapeseed extracted meal. 

Dairy cows were fed uniformly in groups of primip-
arous and multiparous cows at the beginning of lactation 
and in the 2nd and 3rd lactation phases. The cows were fed 
separately in the 1st lactation phase (31 – 100 DIM). The 
influence of parity, DIM, and season on the SCC in milk 
was evaluated as average, with milk samples divided into 
the following groups according to:
•	 lactation order: primiparous cows (number of lacta-

tions = 1), multiparous cows (number of lactations 2, 
3, and 4+)

•	 days in milk (DIM): 0 – 30, 31 – 100, 101 – 200, 201 
– 305, > 305

•	 seasons: spring (March – May), summer (June – Au-
gust), autumn (September – November), winter (De-
cember – February)
The cows were maintained in free-stall housing. The 

dairy cow beds were designed as mattress areas covered 
with a thin layer of straw. The beds were regularly groomed 
and supplemented with bedding as needed, with occasion-
al liming used to reduce microbial growth and odors. The 
dairy cows were fed a total mixed ration (TMR) ad libitum, 
provided in the feed trough. The TMR was formed month-
ly, depending on the nutrient requirements according to the 
milk yield and capacity of dry matter intake (DMI). The 
average daily DMI was 21.75 ± 2.27 kg and did not dif-
fer significantly between groups. The samples of the TMR 
were taken from the feed manager on the control day and 
were analysed for dry matter (DM), which consisted of 
crude protein (CP), fat, acid, and neutral detergent fibre 
(ADF, NDF), and starch analysed by conventional meth-
ods [9]. The DM was determined by weight upon drying 
the sample at 105 °C under the prescribed conditions. The 
CP content was determined by the Kjeldahl method using 
a 2300 Kjeltec Analyser Unit (Foss Tecator AB, Hoganas, 
Sweden). The fat was determined by the device Det-Gras 
(JP SELECTA, Spain). The ADF and NDF were deter-
mined using a Dosi-Fibre Analyser (JP SELECTA, Spain), 
and the content of starch was determined by polarimetry. 
The net energy of lactation (NEL) and non-fibre carbohy-
drates (NFC) were calculated using regression equations 
according to the National Research Council [10].

The cows were milked twice a day at 06:00 a.m. and 
04:00 p.m. in a parallel milking parlour (BouMatic, Swe-
den), and individual milk samples were analysed once per 



77

month. On the farm, a basic milking hygiene program was 
implemented. After milking, teats and udder were treated 
with a disinfectant solution, typically iodine-based. The 
samples were cooled to 4 °C and immediately transport-
ed to the Central Analytical Laboratory of Milk with ac-
creditation under the registration number 096/5878/2015/2 
in collaboration with The Breeding Services of Slovakia, 
using the breeding information system. A total of approx-
imately 4,000 milk samples were included in the analysis.

Milk samples were analysed for milk protein, fat, and 
lactose by a near-infrared spectrophotometric assay using 
MilkoScan FT+ (Foss Electric, Hillerød, Denmark) ac-
cording to STN 57 0536 [11], and SCC was analysed us-
ing a Fossomatic FC (Foss Electric, Hillerød, Denmark) 
and Bentley FCM (Bentley Instruments Inc., Chaska, 
USA) according to STN EN ISO 13366-2 [12].

Statistical analysis
The results were processed using the statistical program 

GraphPad Prism 5.0 (GraphPad Software, San Diego, CA, 
USA) and expressed as mean (x), standard deviation (SD), 
minimum and maximum values. To evaluate differences in 
SCC depending on parity, DIM, and season, we used one-
way analysis of variance (ANOVA) and Tukey’s test with 
a 95% confidence interval for multiple comparisons of 
means. Only animals that remained in the milk recording 
system throughout the entire lactation were selected for 
the final statistical dataset, ensuring consistency of obser-

vations across the study period. A total of 600 unique dairy 
cows were included in the analysis, each contributing on 
average 7 test-day measurements. Since individual cows 
contributed observations to multiple DIM categories and 
seasonal groups, a linear mixed-effects model with cow ID 
as a random effect was employed to appropriately account 
for the dependence of repeated measurements.

RESULTS 

The average nutrient concentration in TMR and pro-
duction indicators for the farm are shown in Table 1. 

The SCC, depending on the parity, is shown in Ta-
ble 2. The lowest SCC was confirmed in the 1st lactation 
(110.96 ± 52.33 x 103.ml-1), which increased significantly 
(P < 0.001) with increasing lactation number (in the 2nd 

lactation, 213.56 x 103.ml-1 and in the 3rd lactation, 313.22 
x 103.ml-1), while the highest SCC was found in dairy cows 
in the 4th and higher lactations (417.95 ± 97.85 x 103.ml-1). 

The SCC, depending on DIM, is shown in Fig. 1. 
The detected SCC fluctuated significantly with increas-
ing lactation. In 0 – 30 DIM, an increased SCC (210.01 
x 103.ml-1) was detected, which subsequently decreased 
with increasing milk production and days in milk; when 
at the peak of lactation (1st phase of lactation), it reached 
the lowest values ​​(140.94 x 103.ml-1). With a gradual de-
crease in milk production from the peak of lactation, SCC 

Table 1. Analysed nutrient content of TMR and milk composition

Nutrients in TMR (% DM) x SD Minimum Maximum

DM (%) 44.12 3.54 34.7 51.4

CP (g.kg-1 DM) 153.7 11.0 105.0 174.0

NEL (MJ.kg-1 DM)                    6.44 0.2 5.7 6.7

NDF (g.kg-1 DM)                  373.1 40.0 280.0 450.0

ADF (g.kg-1 DM)              229.9 28.0 187.0 342.0

Starch (g.kg-1 DM) 229.3 50.0 103.0 301.0

NFC (g.kg-1 DM)                   358.0 37.0 206.0 409.0

Fat (g.kg-1 DM)                  41.8 5.0 31.0 60.0

Milk production and composition

Milk yield (kg.d-1) 34.00 10.0 10.00 79.13

Fat (%) 3.72 0.7 1.17 8.17

Protein (%) 3.28 0.4 1.40 5.70

Lactose (%) 4.86 0.2 2.43 5.40

SCC (103.ml-1) 266.94 82.53 2.00 485.22
DM – dry matter; CP – crude protein; NEL – net energy of lactation; NDF – neutral detergent fibre; ADF – acid detergent fibre; NFC – non-fibre carbohy-
drates; TMR – total mixed ration; d – day; SCC – somatic cell count



78

increased, reaching the highest values ​​(464.43 x 103.ml-1) 
after the 305th DIM.

Means with different superscripts are statistically significant (P < 0.05)

Fig 1.  SCC in milk (103.ml-1) depending on DIM

The SCC, depending on the season, is shown in Fig. 2. 
The highest SCC was confirmed in the summer (387.29 x 
103.ml-1) and the lowest in the winter (218.88 x 103.ml-1) 
months, with confirmed statistical significance (P < 0.05). 

Means with different superscripts are significantly significant (P < 0.05)

Fig. 2. SCC in milk (103.ml-1) depending on season

DISCUSSION

Fluctuations in production parameters in milk indicate 
different composition and nutrient content of TMR for in-

dividual groups of dairy cows due to different genetic po-
tential of the herd, order, and lactation phase of dairy cows. 
Nutrition, particularly the composition and balance of the 
TMR, plays an important role in modulating immune func-
tion and SCC levels. Adequate energy and protein supply 
supports immune competence, while imbalances (negative 
energy balance, insufficient fibre, or excess rapidly fer-
mentable carbohydrates) may predispose cows to metabol-
ic stress and increased susceptibility to mastitis, which is 
reflected in elevated SCC. Although the TMR in this study 
met recommended nutrient requirements, variations in nu-
trient intake across lactation phases may have contributed 
to fluctuations in SCC.

Evaluation of SCC depending on the parity, we con-
firmed the lowest SCC in the 1st lactation, which increased 
significantly with increasing lactation number as a result 
of shorter exposure to pathogens and less wear and tear 
of the mammary gland tissue. The mammary gland of 
primiparous cows is less damaged by previous inflamma-
tory processes and therefore responds more effectively to 
infectious stimuli [13]. Older dairy cows in higher lac-
tation (4th and ↑) have a statistically significantly higher 
average SCC as a result of a more frequent occurrence of 
subclinical and chronic mastitis, cumulative damage to the 
mammary gland, and, due to age, a reduced effectiveness 
of the immune response [14]. In addition, older cows are 
often under production stress, and their physiological tis-
sue regeneration capabilities are weakened. According to 
Olde Riekerink et al. (2008), SCC in multiparous cows can 
be 1.5 to 2 times higher compared to primiparous cows. 
These differences are important not only for herd man-
agement but also for decisions on selection and culling of 
animals [15].

By evaluating SCC depending on the DIM, we con-
firmed that immediately after calving, SCC increases due 
to physiological adaptation, metabolic stress after calving 
as a result of negative energy balance, and a weakened im-
mune system [16]. SCC stabilizes and reaches its lowest 
values ​​at the peak of lactation, with SCC often < 200 x 103.

Table 2. SCC (103.ml-1) in milk depending on parity

Parity x SD Minimum Maximum

1st lactation 110.96a 52.33 3.00 150.85

2nd lactation 213.56b 78.59 2.00 270.52

3rd lactation 313.22c 95.78 2.00 420.89

4th and ↑ lactation 417.95d 97.85 2.00 659.87
Means with different superscripts are significantly different (P < 0.001)
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ml-1 in healthy cows as an indicator of good health [17]. 
As lactation progresses (> 101 DIM), SCC increases as 
a result of decreased milk production, cell accumulation, 
increased permeability of the mammary gland epithelium, 
and a higher susceptibility to subclinical mastitis [18]. In 
> 305 DIM, values of SCC ​​can exceed 300 – 600 x 103.
ml-1 even in clinically healthy dairy cows [7]. According to 
Sordillo et al. (2002), the increase in SCC in the late phase 
of lactation is associated with poorer tissue regeneration 
and repeated inflammation of the mammary gland [19].

Evaluation of SCC in milk across different seasons 
revealed the highest values during summer, likely as a 
consequence of heat stress. High summer temperatures 
negatively affect the physiological functions of the ani-
mals, alter mammary gland cells at the molecular level, 
cells responsible for the synthesis of milk components, and 
increase the activity of certain microorganisms associated 
with mammary gland infections. These changes reduce the 
mammary gland’s defense capacity and promote bacte-
rial colonization [20, 21, 22]. When evaluating individual 
factors affecting SCC, we found that approximately 15% 
of cows exceeded the recommended limit of 400,000 cells.
ml-1.

CONCLUSIONS

Evaluation of SC in dairy cow milk serves as an im-
portant indicator of mammary gland health, particularly 
in subclinical forms of mastitis that do not present visi-
ble symptoms. Elevated SCC indicates inflammation and 
negatively affects milk quality, reducing its technological 
value, yield, and hygienic safety. Regular monitoring of 
SCC helps to minimize economic losses in milk produc-
tion, optimize herd management, and ensure compliance 
with legislative milk quality standards. The results of our 
study confirmed that SCC in dairy cow milk is significant-
ly influenced by parity, DIM, and season. These findings 
highlight the importance of targeted herd management that 
takes into account the physiological state of the animals, 
age, lactation, and climatic conditions to reduce the inci-
dence of mastitis and maintain high hygienic quality of 
milk.
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ABSTRACT

Temperature fl uctuations can act as stressors aff ecting embryonic de-
velopment and cellular homeostasis. This study examined the eff ects of 
preincubation at 22°C (P22) or 30°C (P30) on quail embryos under in 
ovo and ex ovo conditions, focusing on the expression of the antioxidant 
enzyme superoxide dismutase (SOD1) in selected tissues. Under in ovo
incubation, SOD1 expression was signifi cantly upregulated in both liver 
and heart at P22 and P30, with the highest expression observed in the 
liver at P30. In contrast, under ex ovo conditions, SOD1 expression was 
signifi cantly reduced in the liver at P22 but partially restored at P30. In 
the heart, it was not signifi cantly increased at P22 but slightly decreased at 
P30. These fi ndings demonstrate tissue- and condition-specifi c regulation 
of SOD1 and suggest that in ovo preincubation supports robust antioxi-
dant defence, whereas ex ovo culture imposes complex stress responses.
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INTRODUCTION

Various factors, such as egg storage period, age, breed, 
preincubation conditions, lighting, nutritional status, and 
mating practices, are known to infl uence fertility in birds 
[1]. In addition, the process of embryonic development, 
hatching, and survival of quail (Coturnix japonica) can be 
infl uenced by multiple environmental and management 
conditions, including the egg storage conditions, egg ro-
tation, and relative humidity. It has been determined that 

temperature has a signifi cant infl uence on these processes. 
These environmental and management factors can act as 
stressors, leading to an increased production of reactive 
oxygen species (ROS) within the developing embryos [2].

To cope with such oxidative challenges, living organ-
isms have evolved specifi c antioxidant mechanisms. These 
natural antioxidant systems are essential for survival in 
oxygen-rich environments, protecting cells from damage 
caused by ROS. The fi rst line of defence involves prevent-
ing free radical formation by removing their precursors or 
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deactivating catalytic metal ions, primarily through met-
al-binding proteins. The second line of defence consists of 
antioxidant enzymes such as superoxide dismutase (SOD), 
glutathione peroxidase (GPX), and catalase (CAT), which 
detoxify ROS once they are formed. SOD, which converts 
superoxide radicals, is considered a crucial component of 
this first defence level, as superoxide represents the primary 
free radical generated in cells [3]. SOD catalyses the dis-
proportionation of the superoxide anion (O2

•⁻), converting it 
through the reaction 2O2

•⁻ + 2H⁺ → H2O2 + O2. This process 
contributes to the reduction of oxidative stress in cells [4]. 

The antioxidant protection of avian embryos is subject 
to change over time and between individual tissues during 
development. The sensitivity of tissues to damage caused 
by ROS is dependent on the composition of their lipids, re-
sulting in differences between tissues. In avian species, the 
predominant source of antioxidants consists of substances 
of maternal origin, which are stored in the yolk. During 
embryonic development, yolk antioxidants are gradually 
transported into the embryo, where they are distributed un-
evenly among different tissues [5]. 

Embryonic development in birds is highly sensitive 
to incubation temperature, particularly during early de-
velopmental stages. Exposure to continuous or intermit-
tent deviations from optimal incubation temperature has 
been shown to impair hatchability and alter physiological 
and hormonal responses [6]. Experimental manipulation 
during incubation has been used to influence the antiox-
idant capacity of avian embryos. In ovo administration 
of antioxidant trace elements, such as nano-selenium or 
nano-zinc oxide, has been shown to enhance antioxidant 
enzyme activity and reduce oxidative stress under chal-
lenging incubation conditions. These findings highlight 
the importance of controlled experimental approaches for 
studying embryonic development and redox balance [7].

Most studies utilise the windowing technique (in ovo) 
to observe developmental changes after chemical expo-
sure, as it facilitates long-term experimentation with mini-
mal abnormalities and permits natural hatching [8, 9]. The 
ex ovo method, a widely applied technique in the fields 
of embryology, genetic manipulation, toxicology [8], and 
cancer research [10, 11], provides excellent visualisation 
and unrestricted access to the chorioallantoic membrane 
(CAM, [12]), thereby enabling direct monitoring of the ef-
fects of pathogens or drugs on embryonic vasculature [9]. 
However, the success of ex ovo culture is contingent upon 

meticulous regulation of oxygen, moisture, and calcium 
levels to mitigate the risks of dehydration and infection, 
which, in the absence of such regulation, can result in ele-
vated mortality rates [13].

In summary, this study focuses on gene expression of 
SOD1 as a key component of the antioxidant defence sys-
tem in quail embryos incubated under different preincuba-
tion temperatures and incubation methods. By comparing 
in ovo and ex ovo conditions, this work aims to clarify 
how incubation environment and thermal preconditioning 
influence antioxidant defence during early embryonic de-
velopment and to contribute to the optimization of ex ovo 
cultivation strategies.

MATERIALS AND METHODS

Preincubation and Incubation
Fertilized quail eggs (Coturnix coturnix japonica, n = 

144) were purchased from the quail farm (Mala Ida, Ko-
sice, Slovakia), no older than three days after laying. The 
eggs were disinfected with 70% ethanol and divided into 
two groups: in ovo incubation (65 eggs) and ex ovo incu-
bation (79 eggs).

In both the in ovo and ex ovo incubation groups, the 
fertilized eggs were divided into three groups according 
to the incubation conditions (Table 1). During the 12-hour 
preincubation period, control embryos were stored under 
standard cold storage conditions at 14 °C in a tempera-
ture-controlled wine cooler. Subsequently, this first group 
of embryos (22 in ovo; 27 ex ovo) was incubated under 
standard conditions at 38.2 °C and 60% relative humidity. 
The second group (21 in ovo; 29 ex ovo) was preincubat-
ed at controlled room temperature (approximately 22 °C; 
P22), and the third group (22 in ovo; 23 ex ovo) was pre-
incubated at 30 °C (P30). The embryos were maintained 
in a closed, climate-controlled, low-disturbance environ-
ment during the preincubation period, minimizing poten-
tial temperature fluctuations. Preincubation in the P22 
and P30 groups lasted 12 hours, after which all eggs were 
transferred to standard incubation conditions. For the ex 
ovo method, eggs were stored vertically during the pre-
incubation period and placed horizontally during incuba-
tion. After 56 hours, the contents of the eggs, including the 
embryo, were carefully transferred under sterile conditions 
into a 6-well culture plate. Ex ovo incubation required 
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Fig. 2. Ex ovo method

Fig. 1. In ovo method

higher relative humidity (70–80%), which was applied af-
ter transferring embryos to culture plates.

Embryos from both methods were incubated until 
embryonic day 9 (ED9), when sampling was performed. 
All incubation was carried out in an automatic incubator 

(COVINA ET 49, Italy). For the in ovo method, eggs were 
opened at the blunt end on ED9, and embryos were re-
moved. Ex ovo embryos were collected from the culture 
plates in the same manner. After weighing, samples of the 
heart and liver were stored at −80 °C for RNA extraction.
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Figure 1 and Figure 2 show methodological procedures 
for in ovo and ex ovo incubation.

Table 1. Number of eggs in experimental groups (in ovo and ex 
ovo) at the start of the study

in ovo ex ovo

Standard incubation 22 27

Preincubation at 22°C 21 29

Preincubation at 30°C 22 23

Gene Expression Analysis
Total RNA was isolated from liver and heart using 

the QIAshredder and RNeasy Mini Kit (Qiagen, Hilden, 
Germany) according to the manufacturer’s instructions. 
RNA purity and concentration were assessed with a Nan-
oDrop Lite Spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA).

Gene expression was analysed using a two-step RT-qP-
CR protocol. First, cDNA was synthesized from 1 µg of total 
RNA in a 20 µL reaction using the High-Capacity cDNA Re-
verse Transcription Kit (Applied Biosystems™, Waltham, 
MA, USA) according to the manufacturer’s instructions. In 
the second step, qPCR was performed using SYBR Green 
Master Mix (Applied Biosystems™, Waltham, MA, USA) 
and specific primers for SOD1. Each 10 µL reaction con-
tained 300 nM of each primer. Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) served as the endogenous con-
trol, and relative expression was calculated using the 2-ΔΔCT 
method [14]. Amplification conditions were 95 °C for 10 
min followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 
min. All samples were run in triplicate and melt curve anal-
ysis confirmed specificity. Gene expression levels were nor-
malized to the control group without preincubation. Melting 
temperatures ranged from 77.22–78 °C for SOD1.

Statistical Analysis
Statistical analysis was performed with the GraphPad 

Prism program (version 9.3, USA) using a two-way ANO-
VA test with Tukey’s post hoc test. The value of statistical 
significance was considered as p ˂  0.0001. Data were eval-
uated as mean ± standard deviation (SD).

RESULTS

Gene Expression Analysis of In Ovo and Ex Ovo In-
cubation

Liver
The expression of SOD1 in the liver was found to be 

significantly affected by both preincubation temperature 
and culture system. In ovo, SOD1 expression increased 
markedly with rising preincubation temperature, showing 
a significant upregulation (p ˂ 0.0001) at P22 compared 
with the control temperature, and reaching the highest ex-
pression level (p ˂ 0.0001) at P30.

In contrast, under ex ovo conditions, P22 led to a sig-
nificant decrease (p ˂ 0.0001) in SOD1 expression in com-
parison with the control group. The P30 demonstrated an 
increase compared to the control group and P22 group; 
however, this increase was not statistically significant 
(Figure 3).

Heart
During the observation of SOD1 expression in the 

heart, a significant upregulation (p < 0.0001) was observed 
in both groups with preincubation (P22 or P30) in in ovo 
conditions.

The ex ovo conditions demonstrated a range of out-
comes. P22 demonstrated a non-significant upregulation 
in comparison with the control group. P30 demonstrated 
a marginal yet non-statistically significant reduction in 
SOD1 expression when compared to the control group 
(Figure 3).

To summarize, the in ovo incubation approach resulted 
in a significant upregulation (p < 0.0001) of SOD1 expres-
sion in all studied tissues (liver and heart) under both pre-
incubation conditions (P22 and P30). The highest levels of 
SOD1 expression were observed in the liver, followed by 
the heart, particularly when preincubation was conducted 
at 30°C. This upregulation of SOD1 may reflect an adap-
tive increase in antioxidant defence capacity rather than 
directly indicating elevated oxidative stress levels.

In contrast, the ex ovo method exhibited differential 
effects contingent on tissue and temperature. In the liver, 
P22 resulted in a significant downregulation of SOD1 (p 
< 0.0001) in comparison with the control group. In the 
heart, P30 led to a marginal yet non-significant reduction 
in SOD1 expression. The observed patterns may indicate 
that excessive stress under ex ovo conditions is associated 
with impaired antioxidant responses. The overall expres-
sion trends are summarised in Table 2.
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Fig. 3. Gene expression of SOD1 in in ovo and ex ovo groups with 
preincubation (**** indicates statistical significance at p < 0.0001)

Table 2. Gene expression of SOD1 in in ovo and ex ovo groups with 
preincubation

SOD1

P22a P30b

liver in ovo +c +c

ex ovo -d +nse

heart in ovo +c +c

ex ovo +nse -nsf

P22a – Preincubation at 22°C; P30b – Preincubation at 30°C; +c – Sig-
nificant upregulation (p < 0.0001); -d – Significant downregulation (p 
< 0.0001); +nse – Nonsignificant upregulation; -nsf – Nonsignificant 
downregulation

DISCUSSION

The level of oxidative stress in embryos may be influ-
enced by multiple factors, including the interval between 
laying and storage, the duration of storage, fluctuations in 
incubation conditions, and the length of the hatch window 
[15]. During embryogenesis, antioxidants derived from 
the yolk are distributed unevenly among the developing 
tissues. Previous studies have demonstrated tissue-specific 
differences in lipid oxidation and antioxidant enzyme ac-
tivity. The brain has been reported to exhibit the highest 
concentrations of malondialdehyde (MDA), a marker of 
lipid peroxidation, followed by the liver, kidney, and thigh. 
Antioxidant enzymes such as SOD and CAT have been de-
tected across multiple tissues, including the brain, liver, 
kidney, and muscle, with their activity varying in a tis-
sue-dependent manner. Among these tissues, SOD activity 
is tissue-dependent, with the highest levels observed in the 
heart, followed by muscle, yolk sac membrane, kidney, 

lung, and liver [16]. However, these findings are based on 
enzyme activity measurements and may not directly corre-
spond to gene expression levels.

Our results demonstrated condition-dependent regula-
tion of SOD1 expression, with tissue-specific differences 
observed only under ex ovo incubation conditions. In the 
context of in ovo incubation, a significant upregulation 
of SOD1 was observed in both the liver and heart at both 
preincubation temperatures (P22 and P30). The highest 
expression levels were detected in the liver, followed by 
the heart, particularly at P30. A moderate yet significant 
increase in SOD1 was observed at P22 in both organs, sug-
gesting that embryos can mount an adaptive antioxidant 
response to mild oxidative stress within the stable in ovo 
environment.

In contrast, ex ovo conditions elicited more variable 
tissue-specific responses. The liver showed a significant 
decrease in SOD1 expression after P22, while P30 led to a 
partial restoration of expression, although not to a signifi-
cant extent. Conversely, the heart exhibited a divergent re-
sponse: SOD1 expression was non-significantly increased 
at P22, suggesting a degree of adaptability. However, a 
slight, also non-significant decrease in SOD1 expression 
was observed after preincubation at P30. These findings 
suggest that both ex ovo culture conditions and preincuba-
tion temperature may contribute to the observed tissue-spe-
cific differences in SOD1 expression, likely through com-
bined effects on the embryonic microenvironment.

Several physiological limitations of ex ovo incubation, 
such as the absence of the protective eggshell, increased 
risk of dehydration, nutrient loss, and impaired calcium 
availability, may elevate cellular stress and contribute to 
the reduced antioxidant response [13]. Optimization of 
humidity, airflow, calcium supplementation, and egg han-
dling has been proposed to improve embryonic viability 
under ex ovo conditions [11, 13].

Consistent with our observations, Amevor et al. report-
ed that extended egg storage periods (7 and 14 days) re-
sulted in increased oxidative stress, reflected by elevated 
MDA levels and decreased antioxidant indicators, includ-
ing total SOD (T-SOD), in the liver, heart, and breast mus-
cle [1]. Furthermore, incubation temperature is a critical 
factor influencing embryonic development, as low temper-
atures slow development and increase mortality, whereas 
temperatures within the physiological range accelerate de-
velopment and improve hatching success [17].
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CONCLUSION

Several environmental factors, including temperature 
fluctuations and modified oxygen supply, can alter avian 
embryonic development. One of the key cellular responses 
to such changes is the regulation of genes related to antiox-
idants, particularly SOD1. This gene encodes an enzyme 
that plays a key role in the body’s initial defence against 
ROS.

Our results indicate that in ovo incubation supports a 
controlled upregulation of SOD1 gene expression, reflect-
ing a regulated antioxidant response under physiologically 
stable conditions. In contrast, ex ovo incubation exposes 
embryos to altered environmental conditions, which is as-
sociated with reduced SOD1 gene expression, suggesting 
differences in the regulation of antioxidant defence-related 
genes. In addition, preincubation temperature may have 
contributed to the observed variation in expression pat-
terns, particularly under ex ovo conditions.

As this was a pilot study, analysis of other markers of 
oxidative damage or enzyme activity was not performed. 
Therefore, the observed changes in SOD1 expression should 
be interpreted as an indication of antioxidant capacity.
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