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The discovery of penicillin and other antibiotics has revolutionized modern medicine. However, overreliance on
antibiotics has led to a global antimicrobial resistance (AMR) crisis, jeopardizing progress made over the past
decades. Antimicrobial resistance poses a critical public health challenge, affecting humans, animals, and the
environment. The AMR challenge is particularly dire in Nigeria owing to the extensive antibiotic use across
various sectors and ineffective antimicrobial stewardship programs. This narrative review summarizes the
literature from January 2018 to December 2023, focusing on the current trends in AMR in Nigeria, including
knowledge of antimicrobial usage, prescription patterns, and adherence to guidelines for humans, animals, and
their shared environments. High antibiotic resistance patterns were detected in isolates recovered from
healthcare settings, food supply chains, companion animals, wildlife, and the environment. Factors exacerbating
the AMR crisis in Nigeria include poor regulation of antimicrobial agents, improper empirical prescriptions,
inadequate infection prevention practices, arbitrary and prophylactic use of antibiotics in food-producing ani-
mals, environmental contamination, and insufficient surveillance programs. To effectively mitigate this crisis, it
is essential to adopt the One Health approach, which prioritizes collaborative efforts among stakeholders,
including governmental agencies, healthcare institutions, veterinary experts, farmers, and the scientific com-
munity, to address the convergence of human, animal, and environmental health. These efforts will promote
transdisciplinary surveillance approaches and the establishment of policies aimed at ameliorating the impact of
AMR on the Nigerian economy, the well-being of its population, and diverse ecosystems.

1. Introduction worldwide, attributed to multiple antibiotic-resistant bacterial in-

fections. Should these trends persist, annual deaths from untreatable

The discovery of penicillin by Sir Alexander Fleming in 1928 revo-
lutionized modern medicine, heralding the era of antibiotics and
significantly enhancing our ability to combat bacterial infections [1].
Fleming reported that the misuse of antibiotics could lead to the emer-
gence and spread of antibiotic-resistant bacterial species within a decade
[2]. By the 1950s, antimicrobial resistance (AMR) emerged as a global
challenge, jeopardizing much of the progress made in the past decades
[3]. AMR occurs when microorganisms evolve mechanisms to resist or
evade the effects of antimicrobial agents, making infections more diffi-
cult to treat [4]. The increase in antibiotic-resistant bacteria (ARB)
complicates disease management, leading to increased morbidity, pro-
longed hospital stays, increased healthcare costs, and reduced life ex-
pectancy, particularly in low-and middle-income countries (LMICs) [5].

In 2019, AMR was linked to approximately 1.27 million deaths
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ARB infections could reach up to 10 million by 2050 [6,7]. Western sub-
Saharan Africa bore the greatest burden of AMR in 2019, with approx-
imately 27.3 deaths per 100,000 people directly attributed to AMR and a
staggering 114.8 deaths per 100,000 people linked to AMR complica-
tions [6]. Nigeria faces developmental and resource (mis)allocation
challenges that have dovetailed into widespread poverty and poor
growth indices, as reflected in its limited access to potable water, poor
hygiene and sanitation, and minimal infection control measures [8]. Of
Nigeria’s population of over 203 million people, 71 million lack access
to clean water, while 130 million do not have basic sanitation [9].
Although water scarcity is a widespread challenge in Nigeria, the rural
population faces the greatest impact [10]. Currently, only 61 % of
Nigerians have access to safe water: 41 % within a 30-min round trip
from their homes, 31 % directly on their premises, and just 7 % with
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pipe-borne water inside their households [11]. However, as of 2019, the
mortality rate linked to unsafe water, poor hygiene, and inadequate
sanitation exceeded 70 % per 100,000 people in various regions of Af-
rica, including Lesotho, Somalia, Chad, Nigeria, Sierra Leone, and Niger,
significantly higher than the global average of 18 % [12].

The Nigerian AMR crisis has been linked to extensive antibiotic use
and misuse across various sectors, including healthcare, veterinary
medicine, food production, and environmental contamination [13-16].
One of the challenges in addressing the AMR crisis in LMICs is the lack of
accurate information regarding the scope of the problem, particularly in
areas with limited surveillance and sparse data. This makes it difficult to
grasp the extent of the challenge and develop effective strategies to
combat it. Further, limited access to advanced medical care and diag-
nostic tools hinders accurate diagnosis and treatment [6]. This un-
derscores the need for a One Health approach to address the AMR
challenge across human, animal, and environmental health sectors [17].
This narrative review summarizes the current patterns of AMR across
healthcare, food supply chain, and environmental sectors, focusing on
the need for a One Health approach in tackling the challenge across
various sectors in Nigeria.

2. Methods

This narrative review was based on a comprehensive search of major
databases, including PubMed, ScienceDirect, Google Scholar,
ResearchGate, and African Journals Online for peer-reviewed research
articles as well as web reports on antimicrobial resistance in Nigeria
published between January 1, 2018, and December 31, 2023. The choice
of the time frame (2018-2023) for reviewing the AMR crisis in Nigeria
was based on the fact that Nigeria’s National Action Plan on AMR was
launched in 2017 in response to the WHO Global Action Plan (2015).
Studies from 2018 onward reflect its impact, highlighting progress or
gaps. Given the rapid evolution of AMR due to changing prescribing
practices and bacterial adaptation, selecting studies from 2018 to 2023
ensures the inclusion of the most recent data. Additionally, the past five
years have seen an increased adoption of molecular techniques (e.g.,
whole-genome sequencing and PCR-based resistance detection) in
Nigerian AMR studies, enhancing data quality and comparability. We
conducted this study following the guidelines recommended by Gregory
and Denniss [18] that prescribed PRISMA for systematic review, but not
a narrative review. The search utilized the Boolean operators “AND” and
“OR” with keywords including “antibiotic resistance OR antimicrobial
resistance”, “antibiotic stewardship” AND “One Health System” in
combination with terms “healthcare system,” “agriculture” “veterinary
medicine,” “environment,” “companion animals,” and “wildlife.” Spe-
cific bacterial species (that is, “Escherichia coli,” OR “Staphylococcus
aureus,” OR “Klebsiella pneumoniae,” OR “Acinetobacter baumannii,” OR
“Pseudomonas aeruginosa,” OR “Enterobacter,” OR “Enterococcus spe-
cies”) were included in the search terms.

Qualitative and quantitative data from observational studies pub-
lished in English were included, whereas review articles and encyclo-
pedic content were excluded. Also excluded from the review are articles
published by journals listed in Beall’s list of predatory journals [19]. The
African Journals Online (AJOL) was selected as the primary source for
identifying relevant studies because of its extensive collection of peer-
reviewed African research, including a wide range of Nigerian jour-
nals covering medical, microbiological, and public health disciplines.
AJOL provides access to regionally published studies that may not be
widely indexed in global databases, ensuring a comprehensive and
contextually relevant literature search.

The results of the searches were first screened by titles before
considering the abstract and reviewing the whole manuscript. As for
relevant articles, we extracted data, including the authors’ names, year
of publication, article title, microbial isolation source, and detected
antimicrobial resistance phenotypes and genotypes into Microsoft Excel
2018. Duplicate entries were removed before proceeding with the
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remaining articles.
3. Results and discussion
3.1. Antimicrobial resistance in healthcare delivery settings

Several studies conducted in Nigeria between January 2018 and
December 2023 reported a high prevalence of WHO-listed ‘priority
bacteria’ in clinical samples from secondary and tertiary healthcare fa-
cilities. Between 2019 and 2021, 5606 isolates were subjected to anti-
microbial susceptibility testing as part of the national human health
sentinel surveillance system. During this period, the prevalence of
carbapenem-resistant Enterobacteriaceae ranged from 20 to 30 %, while
extended-spectrum B-lactamase (ESBL) producers accounted for 60 to
80 % of cases. Amikacin-resistant Enterobacteriaceae remained at 20 % or
lower throughout the time frame. Methicillin-resistant Staphylococcus
aureus (MRSA) exceeded 80 %, and Streptococcus pneumoniae accounted
for 90 % of the resistance. Fluoroquinolone resistance in Salmonella was
notably high (70-90 %), whereas cephalosporin resistance was reported
to be 20-30 %. This trend is particularly concerning, as these multidrug-
resistant (MDR) bacteria not only exhibit resistance to multiple antibi-
otics but also harbor mobile genetic elements (MGEs) that mediate the
transfer of resistance traits to other bacterial species. These elements,
including plasmids and integrons, facilitate the horizontal transfer of
antibiotic resistance genes (ARGs), further exacerbating the challenge of
antimicrobial resistance [20-22].

Gram-negative bacteria were the most dominant isolates recovered
from the clinical samples, often harboring genes encoding ESBLs and
New Delhi metallo-p-lactamases (NDM), such as blargm, blacrx-m, blaspvy,
blapxa, and blaypy. Conversely, the Gram-positive isolates carried the
vanA and mecA genes, conferring resistance to glycopeptides and peni-
cillin, respectively (Table 1). Alabi et al. [23] reported that MDR
S. aureus was the predominant bacterium isolated from highly touched
surfaces in selected hospitals in Northwest Nigeria. A study conducted in
Kebbi State, Northwest Nigeria, reported a 14.6 % methicillin-resistant
S. aureus (MRSA) colonization rate among veterinarians, highlighting
the high risk of livestock-acquired methicillin-resistant S. aureus (LA-
MRSA) infection due to close contact with livestock. These MRSA iso-
lates exhibited resistance to various classes of antibiotics, with approx-
imately 60 % harboring mecA [24]. These trends have raised concerns
about the public health risks of MDR infections, particularly among
immunocompromised individuals.

3.2. Challenges in controlling AMR in healthcare settings

Nigerian healthcare systems face several challenges in controlling
AMR. The most notable driver is the lack of regulatory oversight on the
sale of antibiotics, which are readily available without prescription [41].
In addition, poor antimicrobial stewardship programs [42,43], irratio-
nal antibiotic prescriptions [31,44], inadequate infection prevention
and control (IPC) practices [23], low public awareness of the AMR crisis
[45], insufficient clinical waste disposal management, and environ-
mental contamination [8,22]. Surveys revealed that approximately 59.9
% of patent medicine vendors and up to 97 % of pharmacists in Nigeria
dispense antibiotics without a prescription [46,47]. Furthermore, anti-
biotics from the Watch category are frequently prescribed, with third-
generation cephalosporins and fluoroquinolones accounting for
approximately 66 % of antibiotics administered after consultation. In
contrast, antibiotics from the ‘access group’, such as amoxicillin, are
more commonly prescribed for outpatients [48].

Joy-Okwor and colleagues [49] assessed infection prevention and
control (IPC) preparedness across 461 Nigerian healthcare facilities,
comprising 350 (75.9 %) private and 111 (24.1 %) public institutions.
Public facilities demonstrated greater IPC preparedness, with 69.7 %
having an IPC focal point and 59.6 % having an IPC work plan,
compared to 32.3 % and 26.8 % in private facilities, respectively.
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Table 1
Antibiotic Resistance Patterns and Resistance Genes in Clinical Isolates
Sources Isolates Resistance ARGs References
Patterns

Urine, Intra- E. coli AMP, SXT, blacrx.m. Seni et al.,
abdominal, CIP, CTM 15 2018 [25]
and blood
samples

Urine, high S. aureus AMP, GEN, mecA Angel et al.,
vaginal LEV, CIP, 2019 [26]
swabs, ear ERY, OXA,
and wound RIF, CLD,
swabs SXT, S

Stool Enterococcus sp. PEN, CIP, vanA Shettima

GEN, S, et al., 2019
TET, NIT, [27]
LIN
Nasal swab Methicillin- OXA, TET, mecA Gaddafi
resistant S. aureus GEN, VAN, et al., 2020
PEN, ERY, [24]
NEO, SXT
Stool E. coli AMP, AMC, No ARG David et al.,
FOX, CIP, reported 2020 [28]
LEV
Urine E. coli, Klebsiella CDZ, CRX, No ARG Kayode
sp., Morganella sp., GEN, CFR, reported et al., 2020
Providencia sp., ERY, OFX, [29]
Proteus sp., AMC
Yersinia sp.,
Serratia sp.
Urine Proteus sp. AMX, NIT, No ARG Okwume
Klebsiella sp., CFX, CXM reported et al., 2021
E. coli, [30]
Enterobacter sp.,
Citrobacter sp.,
Providencia sp.,
S. aureus,
Enterococcus sp.,
Corynebacterium
sp., P. aeruginosa,
and Salmonella sp.

Urine, sputum, P. aeruginosa CIP, LEV, No ARG Manga et al.,
blood, swabs, CDZ, GEN, reported 2021 [31]
aspirates, CAR
biopsies,
seminal fluids
and
cerebrospinal
fluids

Urine, blood, K. pneumoniae, K. CBM, PNC, blanpr-1, Afolayan
non-blood, quasipneumoniae TET, SUL, blanpr.s, et al., 2021
throat, ocular, TMP, BLA blacrx.m. [21]
stool and 15
rectal swabs blasyy,

dfrA14,
tetD,
qnrs,
0qxAB
Blood E. coli CEF, SUL, QTA, Afolayan
SXT, AMP, parC, et al., 2022
CIP, AMG parE, aac [22]
(6)-1b-
cr5,
blarem.1,
blargy-
40,
blargy.
84
blargy.
135,
blaoxa-2,
blaygp 1,
blacmy-42
Urine, high CBM, CPS, blargy, Chukwu
vaginal swab, E. coli, Klebsiella QNL, AMG, blaygs, et al., 2022
wound swab, sp. MRD mecA, [32]

Table 1 (continued)
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Sources Isolates Resistance ARGs References
Patterns
stool, semen, blasyy,
sputum, blacrx.
endocervical
swab, ear
swab urethral
swab, throat
swab, and
abdominal
abscess
AMP, ERY,
TET, DOX,
VAN, CLD,
MOX, *SHL-
Infected R, FOX,
surgical CFR, NIT,
incisions, S. aureus, P. AMP/
urine, skin aeruginosa, K. SULBA,
burns, and kristinae, P. SXT, CIP, No ARG Alabi et al.,
wound pus mirabilis OXA reported 2023 [23]
AMC, AMX, blargy,
Stool, urine, CTM, CXM, blasyy,
catheter tips, FOX, CFR, blacrx-m
wound swabs, CDZ, CIP, aac-lb-6- Egwu et al.,
and ear swabs  E. coli TET, SXT cr 2023 [33]
blacrx-m-
15
blaoxa-1,
blapxa-
320,
blapxa-
534
blapxa-
1815
SXT, MPM,  blanpar1,
CEFOL, blargy.
TZB, COL, 1A
TGC, FOS, blargm-1p,
CDZ, AVB, aph(3")-
E. coli, C. freundii, CEFEP, Ib, catB3,
K. pneumoniae, E. CFR, CDZ, aac(3)-
cloacae subsp. AKN, GEN, IIa, sul2,
Cloacae, S. ARM, AMP, tet(A,), Medugu
Blood, urine, ureilytica, K. SBT, PIP, aac(6)- et al., 2023
wound swabs quasipneumoniae TZB, CTM. Ib-cr [34]
CTX-M-
1, CTX- Edwards
Stool and rectal Not M-9, et al., 2023
swab Enterobacteriaceae reported blaypym [35]
optrA,
POXtA, Ngbede
E. faecalis, FF, TZD, cfr, rplD, et al., 2023
Fecal samples E. faecium VAN plC, rplvV [36]
CFR, NAL,
Slaughtered CTM, EFL, aadE-1,
cattle, CIP, S, aphA-
poultry, and GEN, ERY, 3-1, tetO,
at-risk AZM, CPC, cmeB, Njoga et al.,
humans Campylobacter sp. TET blayya.61 2023 [37]
Urine, blood,
sputum,
urethral
swab, wound
swabs, skin,
ear swabs,
high vaginal
swabs, AMC, ERY,
endocervical QD, CLD,
swabs, throat TGC, TET,
swabs, eye RIF, FOX, Akpudo
swabs, and VAN, CIP, No ARG et al., 2023
stool samples S. aureus GEN reported [38]
blargm,
Clinical K. pneumoniae, P. blasgy, Daam et al.,
specimens aeruginosa AMC, CDZ blacrx-m 2023 [39]

(continued on next page)
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Table 1 (continued)

Sources Isolates Resistance ARGs References
Patterns
GEN, PEN,
Urine samples, VAN, CIP, Abdulrahim
nasal and NFX, FOX, vanA, et al., 2023
wound swabs S. aureus CFR mecA [40]

KEYS: CBM- Carbapenems; PNC- Phenicols; TMP-Trimethoprim; CPS- cephalo-
sporins; AMG- aminoglycosides; CPC- chloramphenicol; TET- tetracycline; MRD-
macrolides; FQL- Fluoroquinolones; QNL- Quinolone; AMP-Ampicillin, AMC-
Amoxicillin-clavulanic acid; AMX-Amoxicillin; OFX- Ofloxacin; CDZ-
Ceftazidime; CIP-Ciprofloxacin; GEN-Gentamicin; NIT-Nitrofurantoin; RIF-
Rifampicin; CFR-Ceftriaxone; SXT-Sulphamethoxazole/trimethoprim; TET-
Tetracycline; FF-florfenicol; S-streptomycin; CPC-chloramphenicol; NEO-
Neomycin; CXM-Cefuroxime; CEF- ceftiofur; PIP-Piperacillin; LEV-Levofloxacin;
CEFAZ- Cefazolin; FOX-Cefoxitin; CEFEP- Cefepime; MER-Meropenem; TBR-
Tobramycin; IMI-imipenem; CPD-Cefpodoxime; CTM-Cefotaxime; OXA-
Oxacillin; LIN-Linezolid; CAR-Carbenicillin; ERY-Erythromycin; CLD-Clinda-
mycin; CFX-Cefixime; DOX-Doxycycline; TGC-Tigecycline; QD-Quinupristin-
Dalfopristin; ERT-Ertapenem; CPZ-Cefoperazone; SBT-Sulbactam; NFX-Nor-
floxacin; MOX- Moxifloxacin; *SHL-R- Streptomycin High Level (synergy); PEN-
Penicillin G; AKN- Amikacin; FF-Florfenicol; TZD-Tedizolid; AZM-Azithromycin;
EFL-enrofloxacin; OQX - Oxyimino-cephalosporins; PNC -Phenicols, ARM-
Aztreonam; TZB-Tazobactam; CEFOL- Cefolozane; AVB- Avibactam; ARGs
-Antibiotic Resistance Genes.

However, both sectors lacked trained staff and essential equipment [49].
Evidence in the literature also points to a gap in the utilization of
advanced diagnostic technologies, such as next-generation sequencing
(NGS), for the surveillance, characterization, and subtyping of clinically
relevant isolates [21,22,34,36]. Although genomics and bioinformatics
are crucial for improving public health delivery in Nigeria, expertise
shortages, the high cost of whole-genome sequencing, and the lack of
available resources limit the use of this technology in the region. To
enhance public health responses to AMR and guide evidence-based
treatment policies, affordable, user-friendly tools and interfaces to
simplify genomic and bioinformatics technologies for non-experts are
needed [50,51].

3.3. Antimicrobial resistance in the environment, companion animals,
and wildlife

The interplay between humans, animals, and the environment in
driving AMR is a complex and interconnected process, as evidenced by
studies conducted across Nigeria. These studies collectively highlight
how the interactions among these three components facilitate the spread
of ARB and resistance genes, posing significant risks to public health and
food safety. For instance, Nyandjou et al. [52] isolated Salmonella sp.
exhibiting resistance to multiple antibiotics in waste dumps in North-
west Nigeria, while Adesoji et al. [53] reported the recovery of MDR
P. aeruginosa in household sewage, highlighting the risk of water source
contamination. These findings illustrate how environmental contami-
nation, driven by improper waste disposal and inadequate sanitation,
serves as a critical pathway for the dissemination of ARB into water
sources used for irrigation, aquaculture, and recreational activities.
Adesoji and Call [16] further emphasized this issue by detecting MDR
bacteria, including Pseudomonas sp. and Proteus sp. carrying floR, in
treated water distribution systems in Southwest Nigeria. This persis-
tence of resistance genes even after water treatment highlights the
resilience of ARB in the environment and their potential to enter the
food supply chain.

Animals, both domestic and wildlife, also play a pivotal role in this
dynamic as reservoirs of ARB. Falodun et al. [54] identified ESBL-
producing E. coli in fecal samples from healthy dogs in Ibadan,
demonstrating that companion animals can harbor and spread ARB.
Similarly, Obodoechi et al. [55] isolated MDR, ESBL-producing E. coli
from frugivorous and insectivorous bats in Southeast Nigeria, revealing
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that wildlife also contributes to the maintenance and dissemination of
ARGs. Kabantiyok et al. [56] expanded on this by reporting ARB in barn
owls in North-Central Nigeria, where zoonotic bacterial pathogens,
including Leptospira species, antibiotic-resistant Corynebacterium amy-
colatum, and E. coli were recovered (Table 2). These findings underscore
the role of animals in bridging the gap between environmental
contamination and human exposure, as ARB from animals can enter the
food chain through direct contact, consumption of contaminated animal
products, or environmental contamination.

Human practices further exacerbate this cycle by driving the selec-
tion and spread of ARB. The extensive use of antibiotics in aquaculture
and veterinary practices, such as the misuse of florfenicol, contributes to
the emergence of resistant strains, as evidenced by the high minimum
inhibitory concentrations (MICs) to florfenicol observed in bacterial
isolates recovered from water distribution systems [16]. Additionally,
inadequate waste management and poor sanitation practices allow ARB
and resistance genes to persist in the environment, creating a continuous
loop of contamination. The interconnectedness of humans, animals, and
the environment creates a multifaceted challenge in addressing AMR
within the food supply chain, as contaminated water sources, soil, and
animals directly impact food safety. This complex interplay underscores
the need for a holistic, One Health approach to tackle AMR. Without
addressing the contributions of all three components, efforts to mitigate
AMR in the Nigerian food supply chain will remain incomplete, leaving
public health and food safety at continued risk.

3.4. Antimicrobial resistance in the food supply chain

Antimicrobial resistance presents significant challenges in Nigeria’s
food supply chain because of extensive antimicrobial use (AMU) prac-
tices in food-producing animals. In the poultry industry, a knowledge
gap among farmers regarding proper AMU has led to the unregulated
prophylactic use of antibiotics. This non-adherence to veterinary
guidelines has increased the risk of ARB in food-producing animals and
public health. Chah et al. [57] reported that all poultry farmers in Enugu
State, Southeast Nigeria use antibiotics for growth promotion, disease
prevention, and treatment. The mean knowledge index of antibiotic use
(KABU) was 0.54, indicating moderate knowledge among farmers,
whereas the mean knowledge index of antibiotic resistance (KABR) was
0.65, with 70.5 % of farmers demonstrating good knowledge. However,
83 % of the respondents practiced inappropriate antibiotic use, high-
lighting the need for training to improve poultry farmers’ AMR knowl-
edge and practices.

Furthermore, Alhaji et al. [13] investigated the practices and per-
ceptions of 151 fish farmers regarding AMU and its implications for AMR
and residual antibiotics in freshwater fish farms in North-Central
Nigeria. The authors assessed the risk status of AMU and AMR using a
traffic light model and detected antibiotic residues in fish organs and
pond water samples. This study revealed that widespread antibiotic
misuse and residue spread through the consumption of residual antibi-
otics in fish and contact with wastewater released from fish farms into
the environment. Similarly, Smith et al. [58] surveyed antibiotic pre-
scription habits among Nigerian veterinarians and their potential
contribution to AMR. Most veterinarians acknowledge the over pre-
scription and overuse of antibiotics, and a significant portion do not
perform culture or antibiotic susceptibility testing (AST) before antibi-
otics are prescribed. The authors recommend laboratory reliance on
antibiotic prescriptions [57]. Consequently, a high prevalence of MDR
bacterial strains such as MRSA, MDR Campylobacter sp., extensively
resistant E. coli, linezolid-resistant enterococci, and MDR non-typhoidal
Salmonella serovars has been reported in poultry, underscoring the
high risk of zoonotic transmission of ARB in the food supply chain and
farm environment.

Aworh et al. [59] reported zoonotic transmission of ESBL-producing
E. coli among beef cattle, abattoir workers, and abattoir environments in
Abuja and Lagos, Nigeria, and the circulation of the blacrx.pm.55 gene
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Table 2
Antimicrobial Resistance Patterns and Antibiotic Resistance Genes in the Environment, Companion Animals, and Wildlife.
Sources Isolates Resistance Patterns ARGs References
AMP, AMC, OFX, SXT, CEF, Nyandjou et al.,
Waste dumps Salmonella sp. TET, CIP No ARG reported 2019 [52]
CDZ, CRX, GEN, CPR, OFX, Adesoji et al.,
Residential sewage P. aeruginosa AUG, NIT, AMP No ARG reported 2023 [53]
Drinking water distribution Pseudomonas sp., Serratia sp., Proteus sp., Acinetobacter sp., FF, TET, S, GEN, KAN, CPC, Adesoji and
systems P. rettgeri CEF, SXT, AMC, floR Call, 2020 [16]
S. aureus, P. aeruginosa, E. gallinarum, O. anthropi, S. thoraltensis,
C. violaceum, S. paucimobilis, E. cloacea subsp. dissolvens, S. AMP, PIP, LEV, CIP, CFX,
Highly touched surfaces in selected ~ haemolyticus, Pantoea sp., E. cloacea, S. vitulinus, E. faecalis, P. CEFAZ, GEN, NIT, FOX, Alabi et al.,
hospital wards stuartii CEFEP, CDZ, MRP, SXT, TBR ~ No ARG reported 2023 [23]
TET, SXT, AMP, CIP, CFX, blasyy, blargy, Falodun et al.,
Dog fecal samples (Pets) E. coli CDZ AMC, IPM, CPD blacrx.m 2022 [54]
Liver, spleen, and intestines of fruit blacrx.m.15 blarey,
(Eidolon helvum) and insect- AMP, AMC, CTX, CDZ, SXT, aac(3)-1I, tetA, tetB, Obodoechi
eating (Nycteris hispida) bats E. coli TET, S, GEN int1(Integron) et al., 2021 [55]

Blood samples, Oropharyngeal and
cloacal swabs from Barn Owls
(Tyto alba)

L. enterohaemorrhagica. L. grippotyphosa, L. mini (zoonotic
bacterial pathogens), C. amycolatum, M. sciuri, and E. coli

QNL, TET, CPS, SUL, PEN,
BLA

Kabantiyok

No ARG reported et al., 2023 [56]

KEYS: QNL- Quinolone; CPS- cephalosporins; SUL-sulphonamides; BLA- p-Lactam; PEN- Penicillins; AMP-Ampicillin, AMC- Amoxicillin-clavulanic acid, OFX-
Ofloxacin, CDZ, Ceftazidime; CRX, Cefuroxime; CPR, Ciprofloxacin; GEN, Gentamicin; NIT, Nitrofurantoin; CIP-Ciprofloxacin; CFX-Ceftriaxone; SXT-
Sulfamethoxazole/trimethoprim; TET-Tetracycline; FF-florfenicol; S-streptomycin; CPC-chloramphenicol; N-Nalidixic acid; CEF- ceftiofur; PIP-Piperacillin; LEV-
Levofloxacin; CEFAZ- Cefazolin; FOX-Cefoxitin, CEFEP- Cefepime; MRP: Meropenem; TBR-Tobramycin; IPM-imipenem; CPD- cefpodoxime; CTX-Cefotaxime; CLX-
cloxacillin; KAN-Kanamycin; AUG-Augmentin; NIT-Nitrofurantoin; ARGs -Antibiotic Resistance Genes.

among abattoir workers and beef cattle via MGEs. In a similar study
following the One Health approach, Olorunleke et al. [14] collected
fecal and cecal samples from slaughtered cattle, abattoir environments,
and abattoir workers in southeastern Nigeria. The authors also sampled
livestock from farms, animal markets, environmental samples, and hand
swabs from humans in contact with the animals. The findings revealed a
widespread prevalence of extended-spectrum cephalosporin-resistant

Table 3

E. coli in livestock and humans, with a high prevalence of blacrx.j genes,
particularly blacrx-pm-15. Notably, a plasmid harboring blacrx.a-15
recovered from livestock showed high sequence identity with a plasmid
recovered from river water in India [60], suggesting the global
dissemination of this ESBL plasmid. In contrast, Ajuzieogu et al. [61]
examined the bacteriological quality of ready-to-eat African salads in
Enugu, Nigeria, and the antibiogram patterns of the associated bacteria.

Antimicrobial Resistance Patterns and Antibiotic Resistance Genes in Poultry, Aquaculture, and Food Supply Chains.

Sources

Isolates

Resistance Patterns

ARGs

References

Fish and water samples

Beef cattle, abattoir
environments, and abattoir
workers

Livestock on farms, abattoirs, and
animal markets, and in-contact
humans

Ready-to-eat African salad

Freshly dressed chicken, Frozen/
imported chicken, Processors,

Consumers, Knives and Tables
Poultry droppings

Poultry meat samples

Broiler caecal samples

Poultry

Antibiotic residue in fish organs and
water samples

E. coli

E. coli

Salmonella sp., S. aureus, Klebsiella sp., E.
coli, V. mimicus, V. fluvialis, V. cholerae,
V. parahaemolyticus and V. hollisae
Methicillin-resistant S. aureus

Salmonella sp.

Salmonella sp.

E. coli

Salmonella sp.

CIP, EFL, COL, ERY,
AMP, NEO, PEN, TET, S,
SUL

TET, FPA, PEN, QNL,
AMG, PNC, MRD, NTF,
CBM, CPS

CBM, 3rd generation
CPS, AMG, TET, FPA,
PEN, MBM, BLL ONL,
FQL

BLI, BLA

BLA, FQL, AMG, TET,
FPA, MRD,

AMP, GEN, KAN, CTX,
CIP, SUL, TET, CPC,
TMP, NAL, MEM

AMP, PIP, AZM, ERY,
TET, CPC, TMP, SUL,
CIP, KAN, S, CDZ, CFZ
FQL, FOS, SXT, AMP and
CPS, AMG, CPC, TET,
MRD

CIP, GEN, NAL, SXT, TET

No ARGs reported

blargm.1, blapxa-1, blacrx-m-14 blacrx-m.1s blacrxm-
55 sull, sul2, sul3, dfrAl, dfrA7, dfrA12, dfrA14,
dfrA17, aadAl, aadA2, aadA5, aac(3)-Ila, aac(6)-
Iaa, aac(6)- Ib3, aac(6)-Ib-cr, aph(3)-Ia, aph(3)-Ib,
aph(3)-1d, aph(6)-1d

blacrx m.15 blacrx-mss, blacrx-me4 blarem 1
blaoxa-1, blaacr-2s, blasuy.2s, blacrx-m-es, StrA, strB,
qnrS1, tet(A)-v2, tet(A), tet(D), tet-AB, sul2, dfrA14

No ARGs reported

mecA, dfrG, tet(38), blaZ, fosB, aacA-aphD, MSR(A),
aphA3, mph(C), dfrS1, sat4 tet(K), SCCmec type IVa,
V, Ve

blaTEM, tet(R), aac(3)-1I, aph (3")-I, aph (6)-Ic sull,
sul2, sul3, tet (A), tet (M), qnrS1, gnrB19

sull, sul2, strA, floR, blacrx

blarem. 106, blarem.126., blacrx-m-14, blacrx.m-ss
fosA3, qnrS1, qnrB19 tet(M), aph(3)-Ib, mef(B),
qacE, sull, sul2, sul3, catAl, qack, sitABCD
pmrA, gyrA, parC, qnr, tem, catAl, cmlA1, floR,
dfrA5-14, sul2, aac (3)-le, tetA

Alhaji et al.,
2021 [13]

Aworh et al.,
2022 [59]

Olorunleke
etal., 2022 [14]

Ajuzieogu et al.,
2022 [61]

Ogundipe et al.,
2020 [62]

Jibril et al.,
2021a [63]

Igbinosa et al.,
2022 [64]

Al-Mustapha
etal., 2022 [65]

Fagbamila
etal., 2023 [66]

KEYS: FOS- fosfomycin; CPS- cephalosporins; AMG- aminoglycosides; CPC- chloramphenicol; TET- tetracycline; MRD- macrolides; FQL- Fluoroquinolones; BLA-
B-Lactam; FPA- Folate pathway antagonist; BLI- f-Lactam inhibitor; QNL- Quinolone; PEN- Penicillins; CDZ-Ceftazidime; CFZ- Cefazolin; EFL-enrofloxacin; NEO-
neomycin; CIP-ciprofloxacin; COL-colistin; ERY-erythromycin; S-streptomycin; SUL-sulphonamides; AMP-ampicillin, GEN-gentamicin; KAN-kanamycin; CTX-
cefotaxime; SUL-sulphonamides; CPC-chloramphenicol; TMP-trimethoprim; NAL-nalidixic acid; MEM-meropenem; PIP-Piperacillin; AZM-Azithromycin; MBM-
Monobactam; CBM- Carbapenems; PNC- Phenicols; NTF- Nitrofurans; ARGs -Antibiotic Resistance Genes.
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This study revealed high bacterial counts and the presence of various
pathogenic bacteria, including p-lactam-resistant Vibrio sp., Salmonella
sp., and E. coli. They recommended improved hygiene, regular cleaning,
and disinfection of food-contact surfaces (Table 3).

Antimicrobial resistance (AMR) in Nigeria’s food supply chain is a
complex issue driven by systemic failures, including inadequate regu-
latory oversight, economic constraints, and a gap between knowledge
and practice. Despite moderate awareness of antibiotic resistance among
some farmers, irresponsible practices persist. Antibiotics are often used
for growth promotion or prophylactically without proper diagnosis or
adherence to dosage guidelines, highlighting the need for targeted ed-
ucation and training programs that promote alternatives and better farm
management practices. Economic barriers further exacerbate the issue,
as farmers and veterinarians frequently rely on antibiotics as a low-cost
solution due to limited access to diagnostic testing and financial re-
sources. Thus, addressing AMR in the food supply chain requires sys-
temic changes, including the implementation and enforcement of
stricter regulations, investment in affordable diagnostic tools, and
financial incentives for antimicrobial stewardship programs to enhance
food security.

3.5. Nigeria’s AMR crisis: a need for one health transdisciplinary
response

Although Gram-negative bacterial infections are globally dominant
[67], Nigeria’s healthcare delivery systems, food supply chains, com-
panion animals, wildlife, and environments are threatened by the spread
of MDR Gram-negative bacteria. Antimicrobial resistance poses a sig-
nificant threat to global public health [68], with Nigeria being no
exception. In Nigeria, AMR challenges are driven largely by weak reg-
ulatory frameworks and inadequate enforcement mechanisms [69].
Despite existing policies, the over-the-counter sale of antibiotics without
prescriptions remains widespread, contributing to their misuse in both
human and veterinary medicine. Additionally, the unregulated use of
antibiotics in livestock, often as growth promoters or feed additives,
further exacerbates the problem, leading to the emergence of resistant
bacterial strains that can spread through the food chain [70].

Regulatory agencies such as the National Agency for Food and Drug
Administration and Control (NAFDAC) face significant challenges in
monitoring and enforcing compliance. The proliferation of substandard
and counterfeit antibiotics further complicates efforts to contain resis-
tance, highlighting the urgent need for more stringent regulatory over-
sight [71]. While NAFDAC has a legal mandate, the penalties for non-
compliance, as well as the regulation of the importation and distribu-
tion of counterfeit antibiotics, are sometimes seen as insufficient or not
strictly applied, reducing their deterrent effect. On the other hand, many
farmers in Nigeria lack awareness of the risks associated with the misuse
of antibiotics in aquaculture and livestock [13,57,70]. Collaborating
with agricultural extension services and veterinary professionals to
disseminate best practices and farmer education programs is essential to
promote responsible antibiotic use and alternative practices, such as
improved animal husbandry, vaccination, and biosecurity measures.

In June 2017, Nigeria underwent its Joint External Evaluation (JEE)
to assess its core capacities under the International Health Regulations
(IHR). While strengths were noted in the One Health framework, sig-
nificant gaps remain, particularly in surveillance and outbreak response.
The evaluation also highlighted the absence of a well-coordinated,
institutionalized long-term strategy for One Health as a critical area
requiring attention. Further complicating these challenges is the limited
government funding allocated to the sector, inadequate routine sharing
of laboratory information or specimens related to zoonotic diseases
among relevant agencies, and weak intersectoral collaboration in sur-
veillance activities. Additionally, Rapid Response Teams (RRTs) in rural
and Local Government Areas (LGAs) are underperforming, further hin-
dering effective disease control and response efforts [72].

Thus, proactive stakeholder engagement and the formulation of a
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cohesive national framework aimed at strengthening antimicrobial
stewardship programs (ASPs) are urgently needed. Such efforts would
enhance a comprehensive, transdisciplinary One Health surveillance
system capable of addressing the multifaceted challenges of AMR while
mitigating its adverse effects on Nigerian society.

3.6. Interconnectedness and multi-sectoral collaboration: the one health
perspective

The One Health framework underscores the intricate interconnec-
tedness of human, animal, and environmental health, particularly in the
context of antimicrobial resistance (AMR). The overuse of antibiotics in
livestock, for instance, not only impacts animal health but also con-
tributes to the emergence and spread of ARB, which can be transmitted
to humans through the food supply chain [73,74]. Furthermore, envi-
ronmental contamination with residual antibiotics exacerbates this
problem by promoting the proliferation of antibiotic-resistant strains,
posing significant health risks to humans, wildlife, and ecosystems
[75-78]. These complex interactions highlight the interconnected
drivers of AMR, necessitating a unified approach to address the issue
holistically [79,80]. A cornerstone of the One Health approach is its
emphasis on multisectoral collaboration, which is essential for effec-
tively managing AMR [81]. Tackling AMR requires coordinated efforts
across diverse sectors, including human healthcare, veterinary medi-
cine, agriculture, and environmental science. By integrating public
health initiatives, veterinary practices, agricultural policies, and envi-
ronmental management strategies, stakeholders can develop cohesive
and comprehensive interventions to combat AMR [82]. This collabora-
tive approach ensures that all potential sources of AMR are addressed,
from clinical settings and livestock production to environmental reser-
voirs, and safeguards the health of humans, animals, and ecosystems.

3.7. Addressing antimicrobial usage

Antibiotics are often prescribed indiscriminately in Nigerian
healthcare settings, and their use is imprudently prevalent in food-
producing animals for growth promotion and disease prevention, lead-
ing to unchecked misuse of antibiotics because of a lack of regulatory
oversight and ASPs [31,41,57,83]. The pharmaceutical sector faces
significant challenges in regulation due to the vast number of products,
practitioners, and premises (both registered and unregistered) that
require oversight. Issues such as the prevalence of fake and counterfeit
drugs, a disorganized distribution system, insufficient infrastructure,
limited enforcement capabilities, and a lack of collaboration with other
law enforcement agencies further complicate matters. Additionally,
regulators struggle with inadequate human resources, insufficient
funding, heavy dependence on imported pharmaceuticals, and sub-
standard facilities for quality control, all of which hinder effective
regulation and control of the sector [48]. Additional challenges in
managing AMR include the absence of dedicated antimicrobial stew-
ardship (AMS) teams in many hospitals across the country, as well as
insufficient training and support for AMS initiatives from hospital
management [84]. The One Health approach recognizes responsible
antibiotic stewardship as a core principle [17], which involves a thor-
ough and tailored strategy for managing antimicrobial use, considering
not only the amount used but also how, why, and by whom they are
used. This approach considers the diverse perspectives and practices of
various stakeholders, including healthcare providers, patients, and
others, as well as the specific circumstances that influence the decision
to prescribe antimicrobial agents [85]. However, public awareness of
ASPs in Nigeria remains alarmingly low, as evident by the routine and
often inappropriate use of antibiotics. The One Health approach can
target these practices by promoting the responsible use of antibiotics
across various sectors.
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3.8. Surveillance and monitoring

Effective surveillance and monitoring are essential for understanding
and controlling AMR [86-88]. Many initial obstacles encountered in
establishing a national AMR surveillance system in Nigeria have been
resolved by integrating national reference laboratory (NRL) functions
backed by genomics [51]. Nonetheless, challenges persist and continue
to arise when applying this approach in the Nigerian context. The NRLs
face significant challenges, including understaffing and difficulty
retaining skilled professionals in clinical laboratory science, sequencing,
and bioinformatics [51]. Compounding these issues, Nigeria’s primary
healthcare systems remain weak, and there is a notable absence of
antimicrobial stewardship programs in both public and private health-
care sectors. Additionally, the lack of coordination, comprehensive data,
and national reports on antibiotic consumption across human and ani-
mal health sectors continues to hinder progress. Despite these chal-
lenges, the Federal Government of Nigeria has taken steps to address
AMR, such as launching the National Action Plan for Antimicrobial
Resistance in 2017 [48]. However, there is a critical need for integrated,
cross-sectoral monitoring and surveillance systems that enable the
comprehensive collection and analysis of AMR data across human, an-
imal, and environmental sectors in rural and urban areas across States
and LGAs [48].

The One Health approach enhances these efforts by integrating
human, animal, and environmental data. Implementing a unified na-
tional surveillance system can facilitate real-time monitoring of AMR
patterns and inform targeted interventions. Data-driven decision-mak-
ing, supported by robust surveillance frameworks, allows for timely
responses to address this public health threat [89,90].

3.9. Education and awareness

Education and awareness are pivotal components of the One Health
System [91]. During the 2020 World AMR Awareness Week, a diverse
panel of experts from various sectors came together to address critical
issues surrounding antibiotic use in Nigeria. The panel included repre-
sentatives from national government agencies, research institutions,
academia, and the World Health Organization, all operating within the
Nigerian One Health framework. They identified widespread lack of
awareness and a weak regulatory framework as key drivers of inap-
propriate antibiotic use across the country, further compounded by both
technical and socio-economic challenges [92].

Raising awareness of the public health dangers of AMR and pro-
moting the responsible use of antimicrobial agents is crucial for all
stakeholders. In Nigeria, this includes educating healthcare providers
about proper prescription practices, informing farmers about the risks of
antibiotic overuse in livestock, and engaging the public in understand-
ing the importance of adherence to prescribed drugs [13,31,58].
Educational campaigns and training programs can empower individuals
and communities to make informed decisions on antibiotic use.

3.10. Environmental considerations

Environmental contamination is often a neglected yet critical driver
of AMR in Nigeria. Antibiotics can enter the environment through waste
from healthcare facilities, agricultural runoff, improper clinical and
farm waste disposal practices, poor sanitation, and the release of un-
metabolized antibiotics or their residues into the environment through
animal manure. On the other hand, releasing pharmaceutical industrial
effluents into the environment has exacerbated this crisis [93]. These
factors are closely linked and significantly contribute to the spread of
AMR in the environment. These environmental pathways can spread
ARB in the water, soil, and air [94]. The One Health approach advocates
for environmental safety and management practices that minimize the
release of antibiotics and their residues into the environment, thereby
reducing selective pressure.
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3.11. Cultural sensitivity

A recent study revealed significant gaps in antimicrobial pre-
scriptions among Nigerian tertiary hospital physicians, with 68 % of
respondents prescribing antibiotics on the WHO reserved list [95].
Another prevalent cultural practice that significantly contributes to the
AMR challenges in Nigeria is self-medication, where individuals use
antibiotics without a prescription or medical supervision, leading to the
overuse of antibiotics [96]. The One Health approach emphasizes the
need for culturally sensitive solutions that consider local practices and
beliefs. Nigeria can mitigate these cultural drivers of AMR by addressing
the root causes of inappropriate prescriptions and self-medication and
by promoting alternative health-seeking behaviors.

4. Conclusion

This study revealed high resistance to p-lactam antibiotics in both
clinical and food-related bacterial isolates, with MecA, AmpC B-lacta-
mases, and ESBLs being the predominant resistance mechanisms.
However, there is a paucity of data on the virulence determinants in
these isolates across various sectors. To address the growing threat of
AMR in Nigeria, it is imperative to strengthen antimicrobial stewardship
programs across the healthcare and veterinary sectors, including live-
stock production and aquaculture. A unified national strategy, aligned
with global initiatives and supported by robust surveillance systems, is
essential to mitigate AMR risks in healthcare delivery and food supply
chains. Sustained efforts are needed to enhance research and data
collection on antibiotic usage, resistance patterns, and virulence factors
in food-producing animals, particularly in rural areas, to enable real-
time monitoring of AMR patterns and guide targeted interventions.
Cross-sector collaboration is critical to reducing extensive antibiotic use
in humans and animals, promoting effective alternative treatment op-
tions, improving farm hygiene, and strengthening surveillance systems.
Embracing a One Health approach will foster transdisciplinary research
and partnerships across human, veterinary, and environmental health
sectors, address the root causes of AMR, safeguard public health, and
protect Nigeria’s ecosystems.
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