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Abstract: Antimicrobial resistance (AMR) is a critical global public health threat, with food-producing 

animals recognized as important reservoirs of multidrug-resistant (MDR) bacteria. In Nigeria, 

indiscriminate antibiotic use and weak regulatory frameworks have exacerbated resistant pathogen spread. 

Goats (Capra hircus) are widely reared in Abakaliki, Ebonyi State, serving as major meat and income 

sources, yet limited data exist on the prevalence, antibiotic susceptibility profile, and multiple antibiotic 

resistance index (MARI) of Gram-negative bacteria Gram-negative bacteria colonizing their skin and nasal 

passages. Thirty samples (20 skin, 10 nasal swabs) were aseptically collected from goats in Abakaliki 

urban markets. Gram-negative bacteria were isolated using standard microbiological techniques, confirmed 

by VITEK® 2 COMPACT, and subjected to antibiotic susceptibility testing via Kirby-Bauer disc diffusion 

against 13 antibiotics. MARI was calculated for each isolate. Thirty-one Gram-negative isolates were 

recovered: Escherichia coli 12 (38.7%), Klebsiella pneumoniae 8 (25.8%), Shigella flexneri 7 (22.6%), 

and Salmonella Enteritidis 4 (12.9%). All isolates (100%) exhibited resistance to amoxicillin-clavulanic 

acid. High resistance rates were observed against ceftazidime, ceftriaxone, azithromycin, and 

levofloxacin. Shigella flexneri showed complete susceptibility to imipenem, while Salmonella Enteritidis 

was fully susceptible to levofloxacin. Mean MARI values ranged from 0.48 (K. pneumoniae) to 0.62 

(Salmonella Enteritidis), all exceeding the 0.2 high-risk threshold. All isolates were resistant to three or 

more antibiotic classes and classified as MDR. Goats in Abakaliki harbor clinically significant MDR 

Gram-negative bacteria with high antibiotic resistance indices, highlighting zoonotic transmission risks and 

the urgent need for antimicrobial stewardship and One Health surveillance in Nigeria. 
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INTRODUCTION  

he global burden of antimicrobial 

resistance (AMR) has emerged as one 

of the most pressing public health 

challenges of the twenty-first century, with 

food-producing animals increasingly 

recognized as critical reservoirs for 

multidrug-resistant (MDR) bacteria (Peter et 

al., 2022; Nwode et al., 2026a; Nwode et al., 

2026b). In Nigeria, the situation has become 

particularly alarming due to unrestricted 

access to and indiscriminate use of 

antibiotics, a lack of national AMR 

surveillance programmes, and inadequate 

antimicrobial regulation policies (Adesola et 

al., 2025; Agwu et al., 2026). These factors 

have created ideal conditions for the 

emergence and spread of resistant bacterial 

strains, especially among livestock 

populations where antibiotics are frequently 

used without veterinary oversight (Peter et 

al., 2022; Nwode et al., 2026b). 

Goats (Capra hircus) represent a significant 

livestock resource in Nigeria, particularly in 

the southeastern region, where they serve as 

a major source of meat, milk, and income for 

rural households. Abakaliki, the capital of 

Ebonyi State, hosts numerous markets where 

goats are raised, traded, and slaughtered 

under conditions that often facilitate 

bacterial transmission and zoonotic spread. 

The close proximity between goats and 

humans in these settings, coupled with 

inadequate hygiene practices, creates 

opportunities for the exchange of pathogenic 

bacteria, including those carrying resistance 

genes that compromise treatment options for 

infections in both animals and humans. 

T 
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Gram-negative bacteria, 

including Escherichia 

coli, Klebsiella species, Salmonella species, 

and Shigella species, are of particular 

concern due to their intrinsic and acquired 

resistance mechanisms (Oke et al., 2024; 

Peter et al., 2025; Nwojiji et al., 2025). 

These organisms frequently harbor mobile 

genetic elements such as plasmids and 

transposons that facilitate the horizontal 

transfer of resistance genes across bacterial 

species and between animal and human 

populations (Nwosu et al., 2023a; Kumavath 

et al., 2025). Previous research in Abakaliki 

has demonstrated that abattoirs and livestock 

environments can serve as major reservoirs 

of resistance genes, with Ejikeugwu et al. 

(2018) reporting high resistance rates 

among E. coli isolates from abattoir sources 

to cefoxitin (91.7%), ceftriaxone (83.3%), 

and imipenem (85.4%), with the detection of 

FOX-1 AmpC β-lactamase genes that confer 

resistance to broad-spectrum cephalosporins. 

This finding underscores the potential for 

livestock to act as reservoirs of clinically 

significant resistance determinants. 

Recent studies across Nigeria have 

documented the escalating threat of 

antimicrobial resistance in small ruminants. 

Joseph et al. (2025) investigated antibiotic 

resistance in bacteria isolated from Red 

Sokoto and West African Dwarf goat breeds 

in Nasarawa State and reported 

that Salmonella spp. 

(91.7%), Pseudomonas spp. (100%), 

and Klebsiella spp. (92.9%) showed 

concerning levels of susceptibility to tested 

antibiotics, with all four identified species 

exhibiting multidrug resistance and 

demonstrating potential for inter-species 

gene transfer. Similarly, Anueyiagu et al. 

(2025) reported a high prevalence of 

extended-spectrum beta-lactamase (ESBL)-

producing coliforms in ruminants with 

subclinical mastitis in Plateau State, 

where E. coli was the most prevalent isolate 

in cows (71%), with 46 isolates expressing 

the clinically important ESBL 

genes blaTEM and blaCTX-M, highlighting 

the potential zoonotic reservoir for antibiotic 

resistance in Nigeria. 

The emergence of ESBL-producing 

Enterobacteriaceae in livestock settings is 

particularly concerning because these 

organisms confer resistance to critically 

important antibiotics such as third-

generation cephalosporins and 

fluoroquinolones, which are mainstays of 

treatment for serious bacterial infections in 

humans (Nwosu et al., 2023a; Nwosu et al., 

2023b; Adesola et al., 2025). The detection 

of such resistance determinants in goats, 

which are often raised in close contact with 

humans and other animals, poses a 

significant public health risk, as these 

animals can serve as sources of resistant 

bacteria that may be transmitted through 

direct contact, slaughtering, and 

consumption of goat meat a dietary staple in 

Ebonyi State. 

Despite growing evidence of AMR in 

Nigerian livestock (Peter et al., 2022; Joseph 

et al., 2025; Nwode et al., 2026a; Nwode et 

al., 2026b), data on Gram-negative bacteria 

specifically associated with goats remain 

limited, with most studies having focused on 

poultry and cattle. The nasal cavity and skin 

of goats serve as important ecological niches 

for diverse bacterial populations, including 

potential pathogens that can be transmitted 

to humans. Therefore, this study aims to 

investigate the prevalence, antibiotic 

susceptibility profile, and multiple antibiotic 

resistance index of Gram-negative bacteria 

isolated from skin and nasal samples of 

goats bred in Abakaliki, Ebonyi State, 

Nigeria. The findings will contribute to the 

mapping of antimicrobial resistance in the 

livestock sector, provide baseline data for 

surveillance programmes, and inform 

evidence-based interventions to promote 

prudent antimicrobial use and safeguard 

public health in line with the One Health 

approach. 

 

MATERIALS AND METHODS 

Study Area: The study was conducted in 

Abakaliki urban, the capital of Ebonyi State, 

Nigeria. Abakaliki is situated within 
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latitudes 5.40°N and 6.45°N and longitudes 

7.30°E and 8.30°E (Adibe-Nwafor et al., 

2023). The area is bounded to the east by 

Izzi Local Government Area, to the west by 

Ezza North and Ezza South Local 

Government Areas, and to the south by 

Cross River and Benue States. 

Geopolitically, Abakaliki belongs to the 

southeast zone of Nigeria and lies within the 

Cross River plains. Farming constitutes the 

primary occupation of the inhabitants. 

Abakaliki urban hosts numerous meat 

markets, including Ahiaofuru, Kpirikpiri 

Ishieke Market, Gariki Ogoja Road, 

Orokeonuoha Market, Abakpa Market, 

Ekeaba Market, Nkwegu Market, Rice Mill 

Market, and others within the municipality. 

These markets served as the sampling sites 

for this study (Orji et al., 2025). 

Ethical Consideration: Ethical approval for 

this study was obtained from the Research 

and Ethical Committee of the Federal 

Ministry of Livestock Development 

(Approval No.: FMLD/REC/203/2025/R12). 

Prior to sample collection, informed consent 

was sought and obtained from the goat 

owners at Gariki Ogoja Road, Abakaliki, 

after providing clear explanations regarding 

the purpose and procedures of the study. All 

animal handling procedures were conducted 

in accordance with standard veterinary 

practices to minimize stress and discomfort 

to the animals. Samples were collected 

aseptically by trained personnel, and no 

animal was harmed or euthanized for the 

purpose of this research. 

Sample Collection: Sterile swab sticks were 

used to collect samples aseptically from the 

skin and nostrils of goats at Gariki Ogoja 

Road, Abakaliki, Ebonyi State. A total of 

thirty (30) samples were collected, 

comprising twenty (20) skin swabs and ten 

(10) nasal swabs. Each swab was moistened 

with sterile saline before sampling to 

enhance bacterial recovery. For skin 

samples, the swab was rubbed thoroughly 

over an area of approximately 5 cm² on the 

dorsal and lateral aspects of the goat's body. 

For nasal samples, the swab was inserted 

gently into each nostril and rotated to ensure 

adequate contact with the mucosal surface. 

After collection, each swab was immediately 

placed into a sterile test tube containing 5 ml 

of sterile nutrient broth and labeled 

accordingly. The samples were transported 

in an insulated ice container maintained at 

4°C to the Microbiology Laboratory for 

processing within 4 hours of collection. 

Isolation of Gram-Negative Bacteria: Upon 

arrival at the laboratory, each samples were 

uniform suspended in a sterile nutrient broth 

(Thermo Fisher Scientific, U. S. A) 

overnight. After 24 hours of incubation, a 

loopful of the nutrient broth culture was 

streaked onto MacConkey agar (Thermo 

Fisher Scientific, U. S. A), and eosin 

methylene blue (EMB) (Thermo Fisher 

Scientific, U. S. A) agar plates using the 

quadrant streaking method. For enhanced 

isolation of Salmonella and Shigella species, 

samples were also inoculated 

onto Salmonella-Shigella agar (SSA) 

(Thermo Fisher Scientific, USA) plates. All 

inoculated plates were incubated aerobically 

at 37°C for 24hours. Following incubation, 

plates were examined for characteristic 

colony morphology. On MacConkey agar 

(Thermo Fisher Scientific, U. S. A), lactose-

fermenting colonies appeared pink, while 

non-lactose-fermenting colonies appeared 

colorless. On EMB agar, E. coli colonies 

exhibited a green metallic sheen, while other 

Gram-negative bacteria appeared as dark-

centered colonies. On 

SSA, Salmonella species appeared as 

colorless colonies with black centers due to 

hydrogen sulfide production, 

while Shigella species appeared as colorless 

colonies without black centers. Discrete 

colonies exhibiting typical characteristics of 

Gram-negative bacteria were selected and 

sub-cultured onto fresh nutrient agar plates 

to obtain pure isolates. The purity of each 

isolate was confirmed by repeated streaking, 

microscopic examination and with further 

confirmatory testing using VITEK® 2 

COMPACT automated system (bioMérieux, 

France). Pure isolates were maintained on 

nutrient agar slants at 4°C for further use. 
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Antibiotic susceptibility testing: Antibiotic 

susceptibility testing was performed on all 

confirmed Gram-negative bacterial isolates 

(Escherichia coli, Klebsiella pnuemoniae, 

 Salmonella enteritidis, and Shigella  

flexneri) using the Kirby-Bauer disc 

diffusion method according to the Clinical 

and Laboratory Standards Institute (CLSI, 

2023) guidelines. Each pure bacterial isolate 

suspension was adjusted to reach the 0.5 

McFarland turbidity standard 

(approximately 1.5 × 10⁸ CFU/ml). A sterile 

cotton swab was dipped into the 

standardized suspension, and excess 

inoculum was removed before streaking 

evenly across the entire surface of Mueller-

Hinton agar (Thermo Fisher Scientific, U. S. 

A) plates in three directions (Edemekong et 

al., 2025). The inoculated plates were 

allowed to stand for 10 minutes before 

antibiotic disc application. The following 

antibiotic discs (Oxoid, UK) were used: 

ceftazidime (30 µg), ceftriaxone (30 µg), 

imipenem (10 µg), amoxicillin-clavulanic 

acid (30 µg), azithromycin (15 µg), 

levofloxacin (5 µg), Streptomycin (25 µg), 

Nalixidic (15 µg), Trimethoprim-

Sulfamethoxazole (25 µg), Tetracycline (5 

µg), Azetronam (30 µg), Piperacillin-

tazobactam (110 µg), and amikacin (30 µg). 

Using sterile forceps, the discs were placed 

onto the agar surface and gently pressed to 

ensure full contact. Plates were incubated at 

37°C for 24 hours. Following incubation, 

zones of inhibition were measured to the 

nearest millimeter using a calibrated ruler 

and interpreted according to CLSI (2020) 

breakpoints for Enterobacteriaceae. Quality 

control was performed using Escherichia 

coli ATCC 25922 and Klebsiella 

pneumoniae ATCC 700603. 

Multiple Antibiotic Resistance Index 

(MARI): The multiple antibiotic resistance 

index was calculated for each isolate using 

the formula described by Edemekong et al. 

(2022): 

MAR index =  
𝑎

𝑏
 

Where; a is the number of antibiotics to 

which the isolate was resistant, and b is the 

total number of antibiotics tested (b=13). 

Isolates with MARI values exceeding 0.2 

were considered to have originated from 

high-risk sources of antibiotic use (Nowde et 

al, 2026b; Edemekong et al., 2022). The 

average MARI for each bacterial species 

was calculated, and isolates resistant to three 

or more antibiotic classes were classified as 

multidrug-resistant (MDR) according to 

John-Onwe et al. (2023) and Agwu et al. 

(2026). 

 

RESULTS  

A total of 31 Gram-negative bacterial 

isolates were recovered from the skin and 

nasal samples of goats bred in Abakaliki, 

Ebonyi State. The isolates 

comprised Escherichia coli 12 

(38.7%) Klebsiella pnuemoniae 8(25.8%), 

Shigella flexneri 7(22.6%), and Salmonella 

Enteritidis 4(12.9%). The distribution of 

isolates by sample type is presented in Table 

1. 

Antibiotic susceptibility testing was 

performed on all 33 Gram-negative bacterial 

isolates using the Kirby-Bauer disc diffusion 

method against 13 antibiotics. The 

susceptibility patterns varied among the 

bacterial species. All isolates (100%) were 

resistant to amoxicillin-clavulanic acid. High 

resistance rates were also observed against 

ceftazidime, ceftriaxone, azithromycin, and 

levofloxacin among Shigella flexneri, E. 

coli, 

and Salmonella isolates.  Klebsiella pnuemoi

ae isolates demonstrated 100% resistance to 

amoxicillin-clavulanic acid and 75% 

resistance to ceftazidime and ceftriaxone. 

Complete susceptibility to imipenem was 

observed in Shigella isolates, 

while Salmonella Enteritidis isolates showed 

100% susceptibility to levofloxacin. The 

detailed antibiotic susceptibility profile is 

presented in Table 2. 

The multiple antibiotic resistance index was 

calculated for each isolate based on 

resistance to the 13 antibiotics tested. 

Isolates with MARI > 0.2 are considered to 

have originated from high-risk sources of 

antibiotic use. Among the isolates, Shigella 

flexneri had a mean MARI of 0.54, E. 
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coli 0.52, Klebsiella pnuemoniae 0.48, 

and Salmonella Enteritidis 0.62. All isolates 

had MARI values exceeding 0.2, indicating 

high antibiotic exposure pressure. 

Additionally, all isolates were resistant to 

three or more antibiotic classes and were 

therefore classified as multidrug-resistant 

(MDR) according to John-Onweet al. 

(2023). 

 

Table 1: Distribution of Gram-Negative Bacteria Isolated from Skin and Nasal Samples 

of Goats 
Organisms Skin (n=23) Nasal (n=8) Total (N=31) 

 No. (%) No. (%) No. (%) 
E. coli 9 (39.1) 3 (37.5) 12 (38.7) 
Klebsiella pneumoniae 5 (21.7) 3 (37.5) 8 (25.8) 
Shigella flexneri 6 (26.1) 1 (12.5) 7 (22.6) 
Salmonella Enteritidis 3 (13.0) 1 (12.5) 4 (12.9) 
Total 23 (100.0) 8 (100.0) 31 (100.0) 

 

Table 2: Antibiotic Susceptibility Profile of Gram-Negative Bacterial Isolates from Skin 

and Nasal Samples of Goats 

Antibiotic (µg) Shigella flexneri (n=7) E. coli (n=12) 
Klebsiella pneumoniae 

(n=8) 

Salmonella Enteritidis  

(n=4) 

 R (%) S (%) R (%) S (%) R (%) S (%) R (%) S (%) 
Ceftazidime (30) 5 (71.4) 2 (28.6) 1 (8.3) 11 (91.7) 6 (75.0) 2 (25.0) 3 (75.0) 1 (25.0) 

Ceftriaxone (30) 5 (71.4) 2 (28.6) 1 (8.3) 11 (91.7) 6 (75.0) 2 (25.0) 3 (75.0) 1 (25.0) 

Imipenem (10) 0 (0.0) 7 (100.0) 4 (33.3) 8 (66.7) 1 (12.5) 7 (87.5) 3 (75.0) 1 (25.0) 
Amoxicillin-clavulanic 

acid (30) 
7 (100.0) 0 (0.0) 12 (100.0) 0 (0.0) 8 (100.0) 0 (0.0) 

4 (100.0) 0 (0.0) 

Azithromycin (15) 2 (28.6) 5 (71.4) 12 (100.0) 0 (0.0) 1 (12.5) 7 (87.5) 4 (100.0) 0 (0.0) 

Levofloxacin (5) 7 (100.0) 0 (0.0) 11 (91.7) 1 (8.3) 3 (37.5) 5 (62.5) 
0 (0.0) 4 

(100.0) 

Streptomycin (25) 4 (57.1) 3 (42.9) 8 (66.7) 4 (33.3) 5 (62.5) 3 (37.5) 2 (50.0) 2 (50.0) 
Nalidixic acid (15) 6 (85.7) 1 (14.3) 9 (75.0) 3 (25.0) 5 (62.5) 3 (37.5) 3 (75.0) 1 (25.0) 

Trimethoprim-

sulfamethoxazole (25) 
5 (71.4) 2 (28.6) 10 (83.3) 2 (16.7) 6 (75.0) 2 (25.0) 

3 (75.0) 1 (25.0) 

Tetracycline (5) 6 (85.7) 1 (14.3) 11 (91.7) 1 (8.3) 7 (87.5) 1 (12.5) 3 (75.0) 1 (25.0) 

Aztreonam (30) 4 (57.1) 3 (42.9) 2 (16.7) 10 (83.3) 5 (62.5) 3 (37.5) 3 (75.0) 1 (25.0) 

Piperacillin-tazobactam 
(110) 

2 (28.6) 5 (71.4) 1 (8.3) 11 (91.7) 3 (37.5) 5 (62.5) 
2 (50.0) 2 (50.0) 

Amikacin (30) 1 (14.3) 6 (85.7) 3 (25.0) 9 (75.0) 1 (12.5) 7 (87.5) 3 (75.0) 1 (25.0) 

 

Table 3: Mean Multiple Antibiotic Resistance Index of Bacterial Isolates 
Bacterial Isolate Mean MARI 
Shigella flexneri 0.54 
E. coli 0.52 
Klebsiella pnuemoniae 0.48 
Salmonella Enteritidis 0.62 

 

DISCUSSION 

The present study isolated four Gram-

negative bacterial species from the skin and 

nasal samples of goats in Abakaliki, Nigeria, 

comprising Escherichia coli 12(38.7%),  

Klebsiella pneumoniae 8 (25.8%),  Shigella 

flexneri 7(22.6%), and Salmonella  

Enteritidis 4(12.9%). The predominance 

of E. coli among the isolates aligns with 

findings from Anueyiagu et al. (2025), who 

reported E. coli as the most prevalent isolate 

(71%) in ruminants with subclinical mastitis 

in Plateau State, Nigeria. The presence of 

these enteric bacteria on the skin and nasal 

mucosa of goats is significant, as these sites 

are not traditional reservoirs for such 

organisms, suggesting fecal contamination 

from the animals' environment or from 

handling practices. The higher isolation rate 

from skin samples (23 isolates) compared to 

nasal samples (8 isolates) indicates that the 

skin may serve as a more substantial 

reservoir for Gram-negative bacteria in 

goats, likely due to direct contact with 
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contaminated bedding, soil, or handlers. 

Abreham et al. (2019) similarly documented 

the presence of E. coli in goats and sheep, 

with 20% of fecal samples from goats 

testing positive for E. coli, further 

supporting the role of small ruminants as 

reservoirs for this bacterium. 

The detection of Salmonella Enteritidis 

(12.9%) in our study warrants comparison 

with findings from other regions. 

Manishimwe et al. (2021) highlighted 

that Salmonella spp., although an indicator 

of possible animal illness, can frequently be 

harbored by animals without outward signs 

of sickness, given its natural residence in 

their intestines and potential presence in 

their feces. This observation is particularly 

relevant to our findings, as the goats 

sampled in Abakaliki markets did not exhibit 

overt clinical signs of salmonellosis, 

yet Salmonella was isolated from their skin 

and nasal surfaces. Microorganisms present 

in feces have the potential to easily 

contaminate various parts of an animal's 

body, including its fur, as well as the 

immediate surroundings, such as pens, 

water, and soil (Manishimwe et al., 2021). 

This mechanism likely explains the presence 

of Salmonella on goat skin in our study, 

where inadequate hygiene practices in 

market settings facilitate fecal-oral and 

fecal-skin contamination cycles. 

While Salmonella infections in animals may 

present with symptoms such as diarrhea, 

lethargy, vomiting, or fever (CDC, 2022), 

the absence of these signs in the sampled 

goats underscores the challenge of 

identifying asymptomatic carriers that can 

serve as reservoirs for zoonotic transmission. 

Notably, humans can contract salmonellosis 

by handling animals, particularly through 

direct touch, and handling contaminated 

food and unintentionally transferring the 

bacterium from hands to mouths can lead 

to Salmonella infections (Manishimwe et al., 

2021). This finding directly supports the 

public health concern raised in our study, 

that goats in Abakaliki markets may serve as 

reservoirs for transmission of pathogenic 

bacteria to humans through direct contact, 

slaughtering, and meat consumption. 

Hawwas et al. (2022) in the Suez Canal 

Area, Egypt, reported 

that Salmonella occurrence in goat feces was 

7%, with S. Enteritidis being the most 

frequently identified serotype in both goats 

and human stool samples. Critically, they 

found that humans in contact with sheep and 

goats had a significantly higher prevalence 

of Salmonella infection (28%) compared to 

those with no animal contact (7.3%) (χ² = 

6.728, p< 0.05), demonstrating the zoonotic 

transmission potential of goat-

associated Salmonella. In Maiduguri, 

Nigeria, Mustapha et al. (2024) investigated 

the prevalence of Salmonellae infections in 

sheep and goats and reported a prevalence of 

14% in goats from rectal swab samples, with 

41.66% of positive isolates from goats. This 

prevalence is comparable to our finding of 

12.9% for Salmonella Enteritidis. Their 

study also highlighted an important 

epidemiological consideration the potential 

role of lizards in the transmission cycle of 

Salmonellae to small ruminants, as lizards 

were found in the vicinity of small ruminant 

houses and tested positive for Salmonellae 

(12% prevalence). This finding suggests that 

environmental reservoirs, including reptiles, 

may contribute to the persistence and 

transmission of Salmonella in goat 

production systems, a factor that warrants 

consideration in Abakaliki where goats are 

raised in open market environments. 

The detection of Shigella flexneri (22.6%) 

from goat skin and nasal samples in this 

study represents a finding of considerable 

public health importance. This aligns with 

recent genomic evidence from Motlhaping et 

al. (2025) in South Africa, who conducted 

the first whole-genome study 

of Shigella species isolated from small 

ruminants and manure in the North West 

Province. Their investigation revealed that S. 

flexneri strains from livestock environments 

could not be assigned to known sequence 

types, suggesting novel or uncharacterized 

lineages circulating in small ruminant 

populations. Li et al. (2022) similarly 
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identified the presence of Shigella spp. in 

both goats and sheep, confirming that these 

small ruminants can harbor this pathogen. 

The detection of Shigella spp. in farms raises 

concerns about the risk of shigellosis and 

gastrointestinal infections in food animals 

(Li et al., 2022). While Shigella infections 

are commonly associated with human 

illness, documented cases indicate 

occurrences in goats (Ishlak et al., 2022). 

With the potential for zoonotic transmission, 

animals can serve as reservoirs and transmit 

pathogens to humans. Shigella infections in 

humans are often linked to the ingestion of 

contaminated food or water (Nomeh et al., 

2026; Orji et al., 2025; Oke et al., 2024). 

However, documented evidence has 

revealed instances where human illnesses 

originate from exposure to Shigella-infected 

livestock or their excrement (Buskirk et al., 

2022). This emphasizes an alternative 

pathway of transmission, highlighting the 

potential risk associated with direct or 

indirect contact with Shigella-contaminated 

animals or their environmental 

surroundings. Shigella transmission to 

humans can occur through direct or indirect 

contact with animals including goats and 

sheep, emphasizing the importance for 

individuals involved in livestock-related 

activities or exposed to livestock feces to 

take precautionary measures, such as 

wearing gloves and maintaining good 

hygiene (Buskirk et al., 2022). 

The prevalence of Shigella spp. in goats 

observed in our study (22.6%) is comparable 

to findings from smallholder farms in the 

United States, where Basnet and Kilonzo-

Nthenge (2024) investigated antibiogram 

profiles of pathogenic bacteria in goat and 

sheep feces on smallholder farms in 

Tennessee and Georgia. Their study reported 

that 27% of goats tested positive 

for Shigella spp., with 

overall Shigella prevalence across both 

sheep and goats at 35.0%. The 

higher Shigella prevalence in their study 

compared to ours may reflect differences in 

sampling sites fecal samples versus skin and 

nasal swabs as Shigella is primarily an 

enteric pathogen. Nonetheless, the detection 

of Shigella on goat skin and nasal surfaces in 

our study suggests that these sites may serve 

as alternative reservoirs or indicate fecal 

contamination during handling and housing. 

The presence of Klebsiella 

pneumoniae (25.8%) in our study is 

consistent with its recognition as an 

opportunistic pathogen in both veterinary 

and human medicine (Uzoeto et al., 2025; 

Nomeh et al., 2023). The variation in isolate 

distribution between sample types; skin 

yielding predominantly E. 

coli and Shigella flexneri while nasal 

samples showed higher proportions 

of Klebsiella may reflect differences in 

ecological niches. The nasal cavity may 

select for different bacterial populations than 

skin, with Klebsiella potentially better 

adapted to mucosal surfaces. This pattern 

warrants further investigation using 

molecular typing methods to determine 

whether isolates from different sites 

represent the same clonal populations or 

distinct strains. 

Regarding the antibiotic susceptibility 

profile, all isolates (100%) demonstrated 

resistance to amoxicillin-clavulanic acid, 

with high resistance rates also observed 

against ceftazidime, ceftriaxone, 

azithromycin, and levofloxacin across the 

bacterial species. The high resistance to β-

lactam antibiotics observed in our study 

aligns with findings from Basnet and 

Kilonzo-Nthenge (2024), who reported that 

antibiotic resistance among goat isolates was 

primarily against ampicillin (79.4%), 

vancomycin (65.1%), and gentamycin 

(63.6%), with significantly lower resistance 

to tetracycline (41.6%) and imipenem 

(21.8%). In contrast, our study revealed 

higher tetracycline resistance (75-91.7%), 

reflecting geographic variation in antibiotic 

usage patterns and selection pressures 

between Nigeria and the United States, 

where stricter antibiotic stewardship policies 

are enforced. The existence of tetracycline-

resistant bacteria and resistant genes in 

animal fecal samples has also been 

confirmed by several studies (Turner et al., 
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2022; Osorio et al., 2023). Tetracycline, 

oxytetracycline, and doxycycline stand out 

as the most employed tetracyclines in 

veterinary medicine (Nwode et al., 2026b). 

The affordability and broad-spectrum nature 

of tetracyclines have contributed to their 

extensive utilization in various applications, 

which likely explains the high tetracycline 

resistance rates observed in our study 

(Nwode et al., 2026a; Nwode et al., 2026b). 

The 100% resistance to amoxicillin-

clavulanic acid across all isolates in our 

study is particularly concerning. Hawwas et 

al. (2022) reported that Salmonella isolates 

from goats in Egypt showed high 

susceptibility to ciprofloxacin and 

norfloxacin but exhibited resistance to 

ampicillin and amoxicillin, consistent with 

our findings of β-lactam resistance. 

Similarly, Mairiga et al. (2024) reported 

that Salmonella isolates from goats in 

Maiduguri were highly sensitive to 

ciprofloxacin (100%) and ofloxacin (100%), 

but resistant to ampicillin and amoxicillin. 

This pattern of β-lactam resistance appears 

consistent across Nigerian and Egyptian goat 

populations, suggesting widespread use of 

these antibiotics in livestock production 

without veterinary oversight. 

The susceptibility patterns observed in our 

study varied among bacterial species. 

Notably, Shigella flexneri isolates 

demonstrated complete susceptibility 

(100%) to imipenem but low level resistance 

to imipenem was found in other Gram-

negative bacteria in our study. However, 

instances of carbapenem resistance have 

been documented in livestock, including 

goats and sheep in Southeast Asia and 

Jordan (Khalifa et al., 2021; Obaidat et al., 

2023). In recent time, resistance to 

imipenem raises significant concerns in 

healthcare settings, limiting the efficacy of 

this vital antibiotic in treating serious 

infections (Peteret al., 2025; Uzoeto et al., 

2025; Ogba et al., 2025; Nomeh et al., 2023; 

Ogba et al., 2022). The presence of 

antimicrobial-resistant bacteria resulting 

from the administration of antibiotics such 

as imipenem to goats poses a potential food 

safety hazard. Although carbapenems are not 

licensed in livestock or veterinary fields and 

are not commonly tested in animals 

(Ramírez-Castillo et al., 2023), our study 

underscored the noteworthy aspect of 

bacterial isolates' resistance to carbapenems. 

The persistence and dissemination of 

carbapenem-resistant bacteria in the 

environment pose significant and 

interconnected risks to the health of goats, 

and the farm environment (Joseph et al., 

2023). Despite the low resistance observed 

in bacterial isolates in this study, the 

prevalence of Carbapenem-resistant 

Enterobacteriaceae (CRE) and other resistant 

Gram-negative bacteria is on the rise, posing 

a substantial threat to both human and 

animal health. Carbapenems are 

acknowledged as one of the most potent 

classes of antibiotics, typically reserved as a 

last-line treatment option for severe bacterial 

infections (Peteret al., 2025). They exhibit 

broad-spectrum activity, proving more 

effective than other β-lactams, especially 

against resistant bacteria (Aurilio et al., 

2022). 

The multiple antibiotic resistance index 

(MARI) values in our study ranged from 

0.48 for Klebsiella pneumoniae to 0.62 

for Salmonella Enteritidis, all exceeding the 

0.2 threshold established by Edemekong et 

al. (2022) and Agwu et al. (2026) as 

indicative of high-risk antibiotic exposure. 

These values reflect the cumulative effect of 

antibiotic selection pressure in the study area 

and are consistent with findings from 

Motlhaping et al. (2025), whose genomic 

analysis provided genetic insight into how 

such resistance profiles emerge. Their study 

demonstrated that Shigella species from 

small ruminants possess a core set of 

resistance determinants involving β-lactams 

(ampC1, ampC, ampH), macrolides (mphB), 

polymyxins (eptA, pmrF), and multidrug 

efflux pumps (AcrAB-TolC, Mdt, Emr, Kpn 

families), along with regulatory systems 

(marA, hns, crp, baeRS, evgAS, cpxA, gadX) 

that modulate resistance expression. The 

presence of these diverse resistance 

mechanisms in goat-associated Gram-
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negative bacteria underscores the complexity 

of addressing antimicrobial resistance in 

livestock production systems. 

All isolates in our study were resistant to 

three or more antibiotic classes and were 

therefore classified as multidrug-resistant 

(MDR) according to John-Onwe et al. 

(2023). This finding aligns with Basnet and 

Kilonzo-Nthenge (2024), who reported that 

89.6% of bacterial isolates from goat feces 

exhibited multidrug resistance, with 52% 

demonstrating resistance to at least five 

antimicrobial classes. The high prevalence 

of MDR bacteria in goat populations across 

geographically distinct regions Nigeria, the 

United States, and South Africa suggests 

that goats serve as important reservoirs for 

multidrug-resistant bacteria globally, 

highlighting the need for a coordinated One 

Health approach to surveillance and 

intervention. 

 

CONCLUSION 

This study successfully investigated the 

prevalence, antibiotic susceptibility profile, 

and multiple antibiotic resistance index of 

Gram-negative bacteria isolated from skin 

and nasal samples of goats bred in 

Abakaliki, Ebonyi State, Nigeria. Four 

clinically significant Gram-negative 

bacterial species were recovered from the 

sampled goats, with Escherichia coli being 

the most prevalent, followed by Klebsiella 

pneumoniae, Shigella flexneri, 

and Salmonella Enteritidis. The higher 

recovery of isolates from skin samples 

compared to nasal samples indicates that the 

skin serves as a more substantial reservoir 

for these organisms in the studied goat 

population. Regarding antibiotic 

susceptibility, all isolates exhibited 

resistance to amoxicillin-clavulanic acid. 

High resistance rates were also observed 

against ceftazidime, ceftriaxone, 

azithromycin, and levofloxacin, though 

susceptibility patterns varied by bacterial 

species. Notably, Shigella 

flexneri demonstrated complete 

susceptibility to imipenem, 

while Salmonella Enteritidis was fully 

susceptible to levofloxacin, indicating that 

some critically important antibiotics retain 

efficacy against specific pathogens in this 

setting. The calculated mean multiple 

antibiotic resistance index values for all 

bacterial species exceeded the high-risk 

threshold, signifying that the isolates 

originated from sources with considerable 

antibiotic exposure pressure. Consistent with 

this high-risk profile, every isolate 

demonstrated resistance to three or more 

antibiotic classes and was classified as 

multidrug-resistant. This study establishes 

that goats in Abakaliki markets harbor 

multidrug-resistant Gram-negative bacteria 

with high antibiotic resistance indices on 

their skin and nasal surfaces. These findings 

provide baseline data on the prevalence and 

resistance profiles of these organisms in this 

previously uncharacterized goat population, 

highlighting the zoonotic transmission risks 

and the urgent need for antimicrobial 

stewardship and One Health surveillance in 

Nigeria's livestock sector. 
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