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Salmonellosis is a global pathogenic bacterial 
zoonosis with significant public, animal and en-
vironmental health effects (Ao et al. 2015; WHO 
2015). The Salmonella serovars are broadly divided 

into typhoidal Salmonella and non-typhoidal (NT) 
Salmonella serovars (Gal-Mor et al. 2014; Sanni 
et al. 2022). Both typhoidal and NT Salmonella 
can cause foodborne diseases, diarrhoea and as-
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complicate antimicrobial resistance in the human food chain with subsequent health and economic implications.
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sociated complications (Batz et al. 2012; Gal-Mor 
et al. 2014; Ao et al. 2015). In Nigeria, poultry-
associated NT salmonellosis (NTS) is widespread 
and is spread by pathogens including Salmonella 
enterica subspecies enterica serovars Enteritidis 
and Typhimurium primarily, as well as other se-
rovars such as Newport, Abadina, Schwarzengrund, 
Takoradi, Telelkebir, Kentucky, Poona, Isangi, 
Heidelberg, Saintpaul, Nigeria, Virchow, Laroche 
and Javiana among others (Feasey et  al. 2012; 
Fagbamila et  al. 2017; WHO 2018; Jibril et  al. 
2020). The farm-level prevalence of NTS in poultry 
may range from 39.7% to 48.3% (Fagbamila et al. 
2017; Jibril et al. 2020). In various African coun-
tries, the prevalence of Salmonella in poultry has 
ranged from 12.1% to 100% (Ramtahal et al. 2022). 
These pathogens colonise poultry hosts and may 
carry asymptomatic infection, with consequent 
transmission to humans through the food chain 
or by contamination, especially the S. enterica se-
rotypes Enteritidis and Typhimurium (Feasey et al. 
2012; WHO 2018). For instance, the NT S. enterica 
infection has been confirmed as the pathogen with 
the largest burden of diarrhoeal disease and inva-
sive infections globally (Kirk et al. 2015). In the 
United States, Salmonella remained the top-ranked 
foodborne pathogen, having the greatest economic 
and health effects among foodborne illnesses (Batz 
et al. 2011). In the European Union, NT Salmonella 
is the third leading cause of foodborne illness and 
accounts for most foodborne-associated deaths 
(WHO 2017).

In Africa, bacterial gastroenteritis has been 
identified as the most common disease, and there 
is a high burden of  salmonellosis (Feasey et al. 
2012; Kirk et al. 2015; Smith et al. 2016). According 
to a review, the overall prevalence of Salmonella-
associated gastroenteritis in humans in Nigeria was 
16.3%, and for Salmonella-associated bacteraemia, 
it was 1.9% (Akinyemi et al. 2021); furthermore, 
more than 53  Salmonella serotypes have been 
isolated from humans in Nigeria (Akinyemi et al. 
2021). This prevalence in humans may have been 
underestimated, as health-seeking behaviour for 
non-rapidly fatal illnesses in formal health facilities 
is a last option only after self-treatment has failed 
(Uzochukwu and Onwujekwe 2004; Omolase et al. 
2007; Wegbom et al. 2021).

Moreover, because the environment plays a huge 
role in the introduction and transmission of sal-
monellosis, critical evaluation of  Salmonella 

pathogens is  important in  poultry environ-
ments (Chinivasagam et al. 2009; Pal et al. 2022; 
Ramtahal et al. 2022). In this work, we collected 
poultry faeces and dust from poultry environments 
in North-Central Nigeria (NCN) and evaluated 
their potential to carry NTS, as well as their drug-
resistant patterns.

MATERIAL AND METHODS

Study area

We conducted the study in NCN (Figure 1). With 
a human population of approximately 20 million, 
the region has a land mass of 242 425 km2. The 
region had an estimated indigenous and exotic 
poultry population of 44 789 854 in 2020, which 
was approximately 20% of the poultry population 
in Nigeria (Sanni et al. 2022). To estimate expo-
sure and outcome variables of Salmonella at the 
farm and state levels, we used cross-sectional sam-
pling in layers and broilers from various farms in six 
(n = 6) states of NCN. Poultry farms in Nigeria raise 
birds using deep litter, battery cages, or a combina-
tion of both, depending on farm size, production 
type, and bird age (Adene and Oguntade 2008).

Faecal and dust sample collection

Faecal and dust samples were secured randomly 
from numerous spots in poultry pens into aseptic 
sample containers. Six hundred (N = 600) faecal 
and dust samples [300 (or 299) faecal samples, 
300 (or 297) dust samples and 4 mixed samples] 
representing approximately 50 faecal and 50 dust 
samples from each state. The sample contain-
ers were labelled accordingly and transported 
on ice packs to the molecular biology laboratory 
of  the Department of Veterinary Public Health 
and Preventive Medicine, Usmanu Danfodiyo 
University, Sokoto for microbiological analysis and 
susceptibility testing.

Salmonella isolation and identification

Culture evaluation of samples for the presence 
of Salmonella was performed in accordance with 
ISO 6579-1 (ISO 2022).
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Figure 1

Concisely, one gram (1 g) each of the faecal sam-
ple and the dust sample was weighed and intro-
duced into 9 ml of buffered peptone water (Oxoid 
Ltd., Basingstoke, UK) for wide-reaching pre-en-
richment of samples at 37 °C for 18 h to 24 hours. 
Subsequently, selective pre-enrichment was per-
formed by transferring an aliquot of 0.1 ml of the 
suspension from the overnight culture mixture into 
10 ml of Rappaport-Vassiliadis (RV) broth (Oxoid 
Ltd., Basingstoke, UK) overnight at 41.5 °C. Lastly, 
selective plating was performed from the RV mix 
in a parallel streaking on xylose lysine deoxycholate 
(XLD) agar (Oxoid Ltd., Basingstoke, UK) and sub-
sequently onto Brilliance Salmonella Agar (BSA) 
(Oxoid Ltd., Basingstoke, UK) at 37 °C, and the 
plates were incubated overnight. The plates were 
thereafter examined for the presence of colonies 
with the black centre and pinkish background 
typical for Salmonella on XLD and BSA (Oxoid 
Ltd., Basingstoke, UK). For each sample unit, 
we collected one isolate from a pure culture and 
spiked it  into selected samples for maintenance 
and quality control. We used Salmonella ATCC 
14028 as the quality control strain.

Biochemical testing of presumptive Salmonella 
isolates was performed using commercially avail-
able OxoidTM media: Simmons Citrate Agar (Oxoid 
CM0155), Sulphide Indole Motility (SIM) Medium 
(Oxoid CM0435), and Nutrient Agar (Oxoid 
CM0003) (Oxoid Ltd., Basingstoke, UK). A loopful 
of colonies was stabbed into Simmons Citrate Agar 
and SIM Medium and incubated at 37 °C overnight. 
Isolates showing positive citrate utilisation, hydro-
gen sulphide (H2S) production, and motility but 
a negative indole reaction were categorised as pre-
sumptive Salmonella. We then subcultured these 
isolates onto Nutrient Agar and incubated them 
at 37 °C overnight.

PCR-based Salmonella identification

For further confirmation of Salmonella, we sub-
jected isolates positive on  the biochemical test 
to PCR identification using the invA-based method 
(Waghamare et al. 2018). Briefly, one to two bacte-
rial colonies were suspended in 100 μl of molecu-
lar grade water (Gibco, Life Technologies, Grand 

Figure 1. Rough spatial distribution of commercial poultry farms in Nigeria (2022)
The green square roughly represents the region where samples were collected from poultry farms
Source: Sonaiya et al. (2022)
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Island, New York, USA) and subjected to boiling 
at 100 °C for 10 minutes. The mixture was centri-
fuged (Model 5910 R; Eppendorf AG, Hamburg, 
Germany) at 12 000 rpm (approximately 20 000 × g) 
for 2 minutes. The PCR mixture was prepared with 
Thermo ScientificTM PCR Master Mix (2X) (Cat. 
No. K0172; Thermo Fisher Scientific, Abingdon, 
Oxfordshire, UK) containing buffers, dNTPs, Taq 
DNA polymerase, reaction buffer and magne-
sium chloride. For the detection of Salmonella, 
PCR was performed in a 25-μl final volume con-
taining 0.2 μM each of the invA forward primer 
(5'-GTGAAATTATCGCCACGTTCGGGCA-3') 
and the invA reverse primer (5'-TCATCGCA-
CCGTCAAAGGAACC-3'). Both primers were 
used from 100 μM stock solutions. Amplification 
was performed using a thermal cycler (T100; Bio-
Rad, Hercules, California, USA) at 95 °C for 5 min, 
94 °C for 30 s, 63 °C for 30 s and 72 °C for 2 min for 
35 cycles. We used a final cycle at 72 °C for 5 min 
(Rahn et al. 1992). We used imaging (GelDoc Go 
Imaging System; Bio-Rad, Hercules, California, 
USA) to visualise amplicons (PCR products), which 
were resolved by electrophoresis on a 1.5% (w/v) 
agarose gel prepared using UltraPureTM Agarose 
(InvitrogenTM; Thermo Fisher Scientific, Waltham, 
MA, USA) in 1× TAE buffer. Isolates that showed 
a band size of 284 bp were considered Salmonella ac-
cording to a 100-bp standard DNA ladder (TransGen 
Biotech, Beijing, P.R. China). We used the Salmonella 
ATCC 14028 reference strain as a positive control 
and water without DNA as  a  negative control.

Susceptibility testing of isolates

Because of budgetary constraints, we tested ran-
domly selected isolates (stratified by state, farm 
type and sample matrix) from the culture-positive 
samples for antimicrobial susceptibility testing. 
We used the Kirby–Bauer disk diffusion method, 
as it is practical for routine surveillance in resource-
limited settings and follows Clinical and Laboratory 
Standards Institute (CLSI) guidelines (CLSI 2020). 
However, we acknowledge that quantitative meth-
ods (e.g., broth microdilution) provide minimum 
inhibitory concentration values and greater preci-
sion; future studies should address this.

We subjected S. enterica isolates confirmed with 
PCR to a panel of 11 commonly used antimicrobials: 
ampicillin (10 μg), gentamicin (10 μg), ciproflox-

axin (5 μg), chloramphenicol (30 μg), cefotaxime 
(30 μg), ceftazidime (10 μg), kanamycin (30 μg), sul-
phonamides (300 μg), trimethoprim (5 μg), tetracy-
cline (30 μg) and nalidixic acid (30 μg) (Oxoid Ltd., 
Basingstoke, UK). The tested antimicrobials covered 
seven classes: aminoglycosides (kanamycin and gen-
tamicin), quinolones (nalidixic acid and ciprofloxa-
cin), cephems (cephalosporins I–IV, ceftazidime and 
cefotaxime), penicillins (ampicillin), tetracyclines 
(tetracycline), phenicols (chloramphenicol)  and 
the folate pathway antagonists (sulphonamides 
and trimethoprim). We used the Kirby–Bauer disk 
diffusion method in  accordance with the CLSI 
(2020). Specifically, to interpret the zone diameter 
breakpoints for most antimicrobials, we used CLSI 
M100 clinical breakpoints (CLSI 2020), and we con-
sulted the CLSI M100 supplement (CLSI 2022) for 
confirmation of cephalosporin breakpoints, which 
did not alter the classification. We entered inhibi-
tion zones into WHONET v5.6 configured with 
the tested antimicrobials. We categorised isolates 
as susceptible, intermediate or resistant according 
to CLSI clinical breakpoints and CLSI guidelines for 
disk diffusion (CLSI 2022). We categorised strains 
that showed resistance to at least one drug in at least 
three different antimicrobial classes as multidrug-
resistant (MDR), extensively drug-resistant (XDR) 
or  pandrug-resistant (PDR) bacteria according 
to the method used by Magiorakos et al. (2012).

Data analysis

On the basis of S. enterica confirmed using cul-
ture and biochemical tests, we calculated the exact 
measure of association by using 2 × 2 table statistics 
in OpenEpi v3.03a (Dean et al. 2013). We calculated 
the odds-based estimates and confidence limits ac-
cording to the method of Martin and Austin (1991).

Ethical considerations

We notified poultry farmers of the need to col-
lect poultry faecal samples and drag swabs of dust 
from their premises, and we obtained oral consent. 
The protocol for the work was part of the proto-
col and ethical approval of  the Research Ethics 
Committee of the Faculty of Veterinary Science, 
University of Pretoria, with ethical Approval No. 
REC 142-22 (July 2023). We also got additional ap-
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proval from the Federal University of Technology, 
Minna Ethical Review Committee with Approval 
No. 000030 (May 2022). The work was endorsed 
through a notification to the Veterinary Teaching 
Hospital of Usmanu Danfodiyo University, Sokoto. 
After we obtained the approvals, we collected fae-
cal and dust samples from broiler and layer flocks 
of various ages.

RESULTS

Description of environmental samples

We collected a  total of  600  samples : 102 
(17.0%) each from Kogi and Nasarawa states, 100 
(16.7%) each from Benue and Kwara and 98 (16.3%) 
each from Niger State and the Abuja Federal Capital 
Territory (Table 1). Almost half (49.8%) of the sam-
ples originated from faeces, and 49.5% were dust 
samples from the poultry environments, with 0.7% 
as mixed or unclassified samples (Table 1). We col-

lected these samples from birds housed in battery 
cages and high-rise buildings (36.3%), deep litter 
(63.2%) and unspecified types of houses (0.5%). 
According to bird type, 358 of the samples were from 
broilers (59.7%), 228 (38.0%) were from laying birds, 
and 10 (1.7%) were from noilers (a dual-purpose 
chicken breed, for both eggs and meat, developed 
for the Nigerian poultry sector) (Table 1). The re-
maining four flocks (0.7%) were not specified. Flock 
sizes (n = 15–50 000) and ages (one week to three 
years) varied widely; the median flock size and age 
were 195 and 8 weeks, respectively. Using classi-
cal bacteriological culture and biochemical tests, 
we found that 112 of 600 (18.7%) samples were posi-
tive, including 61 from dust samples and 51 from 
faecal samples. We confirmed the positive samples 
by using the invA-based PCR method [Electronic 
Supplementary Material (ESM) Figure S1].

The disaggregated category level prevalence 
ranged from 14.7% for Kogi and Nasarawa states 
to 29.6% for Niger State (Table 1). The prevalence 
in the faeces (17.1%) was less than that in the dust 

Table 1. Prevalence and odds of Salmonella culture positivity in poultry environmental samples by state, sample type, 
farm management system, flock size, bird type, and age in North-Central Nigeria

Samples (n) Categories (n) Positive, n (%) Negative, n (%) Odds ratio CMLE ORs P-value (two-tailed)

Sample state 
of origin (600)

Abuja (FCT) (98) 16 (16.3) 82 (83.7) 1.13 0.52, 2.47 0.76
Benue (100) 19 (19.0) 81 (81.0) 1.36 0.64, 2.90 0.42
Kwara (100) 18 (18.0) 82 (82.0) 1.27 0.60, 2.73 0.53
Kogi (102) 15 (14.7) 87 (85.3) 1.0 Ref. n.a.

Nasarawa (102) 15 (14.7) 87 (85.3) 1.0 0.45, 2.20 1.00
Niger (98) 29 (29.6) 69 (70.4) 2.42 1.21, 4.99 0.01

Sample type (596)
faeces (299) 51 (17.1) 248 (82.9) 1.0 Ref. n.a.
dust (297) 61 (20.5) 236 (79.5) 1.26 0.83, 1.90 0.28

Farm management 
type (596)

battery cages (218) 33 (15.1) 185 (84.9) 1.48 0.95, 2.33 0.08
deep litter (378) 79 (20.9) 299 (79.1) 1.0 Ref. n.a.

Flock size (580)
≤1 000 birds (410) 83 (20.2) 327 (79.8) 1.23 0.78, 1.99 0.38
>1 000 birds (170) 29 (17.1) 141 (82.9) 1.0 Ref. n.a.

Bird type or 
purpose (596)

broilers/noilers1 (368) 77 (20.9) 291 (79.1) 1.46 0.94, 2.28 0.09
layers (228) 35 (15.4) 193 (84.6) 1.0 Ref. n.a.

Age of birds (594)
≤one year (516) 104 (20.2) 412 (79.8) 2.21 1.07, 5.06 0.03
>one year (78) 8 (10.3) 70 (89.7) 1.0 Ref. n.a.

Bold values are significant
1Noiler is a dual-purpose chicken breed (for both eggs and meat) developed by Amo Farm Sieberer Hatchery Ltd. (AFSH) 
in Nigeria
CMLE ORs = conditional maximum likelihood estimate of odds ratios; FCT = Federal Capital Territory; n.a. = not appli-
cable; Ref. = reference
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Figure 2

(20.5%). A higher prevalence was obtained from 
the deep litter system (20.9%) than from the battery 
cages (15.1%) (Table 1). Farms with ≤1 000 birds had 
a higher prevalence (20.2%) than did farms with 
>1 000 birds (17.1%), and poultry stock aged one 
year or younger had a higher prevalence (20.2%) 
than did those older than one year (10.3%) (Table 1).

Association of environmental samples 
with odds of culture positivity

Among the states sampled, Niger State had 
2.4-fold odds of NT Salmonella culture positiv-
ity compared with the other states, and poultry 

birds younger than one year had twofold odds 
of  NT  Salmonella culture positivity compared 
with birds older than one year. All other param-
eters were comparable with the references in the 
analysis (Table 1).

Antimicrobial resistance pattern

Of the 42 isolates tested with PCR and for an-
timicrobial susceptibility, only two (KWD_5 and 
KOD_106; 4.8%) showed no resistance to any anti-
microbial, whereas 95.2% had resistance to at least 
one antimicrobial. More of the resistant organ-
isms were from dust (24/40; 60%) than from faeces 

Figure 2. Heat map of antimicrobial resistance patterns of Salmonella isolates recovered from poultry farms in North-
Central Nigeria
Red colour = resistant; Orange colour = intermediate; Green colour = susceptible
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(16/40; 40%) (Figure 2). In addition, 35% of the 
resistant Salmonella samples were from laying 
flocks, and 65% were from broilers. The prevalence 
of antimicrobial resistance (AMR) in organisms 
was independent of farm size (minimum = 25; me-
dian = 200; maximum = 37 000), age of the chicken 
flock (minimum = 1 week; median = 7.5 weeks; 
maximum = 56 weeks), or state in NCN (Figure 2). 
Furthermore, although we had four (n = 4) single 
antimicrobial-resistant isolates, we obtained sev-
eral MDR and XDR isolates, as well as a PDR iso-
late (ABF_89) (Figure 2). The isolates were most 
resistant to tetracycline (TE30) (73.8%), followed 
by nalidixic acid (NA30) (59.5%), sulphonamides 
(S3'300) (54.8%), ciprofloxacin (CIP) (47.6%), tri-
methoprim (W5) (45.2%), ampicillin (AMP10) 
(42.9%), kanamycin (K30) (35.7%), chlorampheni-
col (C30) (33.3%) and gentamicin (CN10) (28.6%), 
and most susceptible to  ceftazidime (CAZ10) 
(88.1%) and cefotaxime (CTX30) (78.6%) (Figure 2, 
Table 2).

DISCUSSION

In this work, a total of 600 environmental sam-
ples (faeces and dust) were collected from NCN 
and analysed with an overall prevalence of 18.7% 
(112/600). NTS prevalence was similar across 
states, except in Niger State, which had a much 
higher prevalence and higher odds of NTS iso-
lation in poultry farms. Although the immediate 
cause of this spatial distribution is unknown, the 
proliferation of unregulated marketing and hatch-
ery services, and the distribution from them, may 
have led to  dispersing poultry- and hatchery-
associated NTS widely. Such observations have 
been made in other African countries (Ipara et al. 

2019; RADARR Africa 2022). Jibril et al. (2020) 
and Samper-Cativiela et al. (2023) earlier con-
firmed that relatively higher prevalence is  de-
tected in older layer flocks (>83 weeks) compared 
with younger flocks. This finding contrasts with 
ours: we observed higher prevalence and greater 
odds of Salmonella positivity in younger flocks 
than in older ones (note that broilers are slaugh-
tered between 6 and 12 weeks, whereas layer flocks 
stay on the farm much longer than a year).

Although poultry and poultry products have been 
implicated as a major source of NTS for poultry 
farm infection and contamination of the human 
food chain (Wang et al. 2023), our results showed 
that the dust in the poultry environment may serve 
as a higher source of infection than poultry faeces. 
This finding is consistent with previous findings 
of Chinivasagam et al. (2009), Pal et al. (2021) and 
Pal et al. (2022).

Similarly, although this finding was not signifi-
cant, we  observed a  slightly higher prevalence 
in the deep litter system than in the battery cages. 
This finding is consistent with Jibril et al. (2020). 
However, results from a number of studies have 
also confirmed that poultry raised in battery cages 
may have higher odds of shedding Salmonella or-
ganisms (Van Hoorebeke et al. 2011). Farms with 
≤1 000 birds had a higher prevalence (20.2%) than 
did farms with >1 000 birds (17.1%), and poultry 
stock aged one year or younger had a higher preva-
lence (20.2%) than did those older than one year 
(10.3%) (Table 1).

The pattern of resistance observed in this study 
aligns closely with findings in previous reports 
on the use of antimicrobials in livestock farming 
in Nigeria, which have confirmed that the most used 
and abused antimicrobials in the poultry sector 
in Nigeria include tetracycline, tylosin, chloram-

Table 2. Antimicrobial resistance, intermediate, and susceptibility profiles of Salmonella isolates from poultry farms 
in North-Central Nigeria
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phenicol, metronidazole, ciprofloxacin, gentamicin 
and colistin (Adesokan et al. 2015; Oloso et al. 2019; 
Adebowale et al. 2020; Oloso et al. 2020; Adebowale 
et al. 2022; Odey et al. 2024). Similar patterns of an-
timicrobial use and abuse prevail in other parts 
of Africa (Gemeda et al. 2020; Gebeyehu et al. 
2021; Mdegela et al. 2021; Paintsil et al. 2021). 
Only two of the 42 isolates were susceptible to all 
antimicrobial classes tested, four were resistant 
to one antimicrobial, and the remaining 36 (85.7%) 
showed multiple resistance across antimicrobial 
classes. Without change, multidrug resistance will 
continue to predominate in the poultry and other 
livestock sectors, leading to many infections that 
are difficult to treat in the livestock industry. The 
implications include potential higher rates of mor-
bidity and mortality, reduced productivity, compli-
cations and long-term health impacts, treatment 
challenges, and increasing health costs, among oth-
ers. Furthermore, given that these are production 
animals, they may likely pass resistant pathogens 
through the human food chain. The results of this 
work call for another look at the policies and guide-
lines guiding antimicrobial use and surveillance 
in poultry and general livestock production, along 
with the need for intensified efforts for stringent 
control of access to these antimicrobials.

Epidemiological context of Salmonella 
infections in Africa

This study’s findings align with a growing body 
of evidence indicating that NTS remains a per-
sistent challenge across African poultry systems. 
Studies from western, eastern and southern Africa 
have reported farm-level prevalence rates ranging 
from 12.1% to 48.3%, with considerable variation 
driven by differences in biosecurity, husbandry 
practices and antimicrobial use (Fagbamila et al. 
2017; Jibril et al. 2020; Ramtahal et al. 2022).

In particular, high prevalence has been document-
ed in free-range and semi-intensive systems, where 
contact with wildlife and contaminated environ-
ments is more difficult to control (Mdegela et al. 
2021; Paintsil et al. 2021). These regional patterns 
underscore that Salmonella contamination is not 
merely a farm-level issue but a systemic one, in-
fluenced by supply chains, unregulated hatcheries 
and limited veterinary oversight (Ipara et al. 2019; 
RADARR Africa 2022).

Public health and economic significance

The importance of controlling NTS in poultry 
extends beyond animal health. In  sub-Saharan 
Africa, NTS is a leading cause of invasive bacte-
rial disease among young children, adults with HIV 
and other immunocompromised populations, with 
case fatality rates reaching 20% to 25% in some set-
tings (Feasey et al. 2012; Ao et al. 2015). Unlike 
in  high-income countries where NTS typically 
manifests as self-limiting gastroenteritis, invasive 
NTS in Africa is often a bloodstream infection re-
quiring prompt, effective antibiotic therapy. The 
emergence of MDR and XDR NTS strains, as ob-
served in our study, threatens to render empiri-
cal treatments ineffective, potentially increasing 
mortality and treatment costs (Kirk et al. 2015; 
Akinyemi et al. 2021). Economically, the burden 
of foodborne salmonellosis reduces productivity, 
increases healthcare expenditure and harms trade 
in poultry products – a sector that supports mil-
lions of  livelihoods across the continent (Odey 
et al. 2024).

Actionable recommendations for policy 
and practice

On the basis of these findings and the broader 
regional context, we propose the following specific 
interventions to reduce NTS prevalence and limit 
the spread of AMR from poultry environments 
to the human food chain:
1.	 Establishment of  farm-level biosecurity au-

dits – Routine, low-cost audits (e.g., checking 
cleaning protocols, visitor access and separa-
tion of age groups) should be implemented and 
linked to certification for market access. Pilot 
programmes in Nigeria have shown that struc-
tured biosecurity scoring can reduce detected 
Salmonella by up to 40% (Sanni et al. 2022).

2.	 Regulation of  antimicrobial access through 
veterinary prescription only – Currently, many 
antimicrobials (including tetracyclines, fluoro-
quinolones and aminoglycosides) are obtainable 
over the counter without veterinary consultation. 
Enforcing prescription-only access, supported 
by training of agro-veterinary drug sellers, would 
directly reduce the selective pressure driving 
the high resistance rates observed in this study 
(Adesokan et al. 2015; Oloso et al. 2020).
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3.	 Routine environmental monitoring of poultry 
dust as a sentinel surveillance target – Our re-
sults showed that dust samples had slightly higher 
prevalence (20.5%) than faeces (17.1%) and were 
a  rich source of  resistant isolates. Swabbing 
of settled dust is a non-invasive, low-cost method 
that can be scaled for AMR surveillance at re-
gional or national levels, providing early warning 
of emerging resistance before clinical outbreaks 
occur (Pal et al. 2021; Pal et al. 2022).

4.	 Farmer education programmes on antimicro-
bial stewardship – Targeted extension services 
should deliver practical training on proper drug 
use, withdrawal periods and alternatives such 
as  probiotics and improved hygiene. Farmer 
field schools, successfully deployed in East Africa 
for mastitis control, could be adapted to reduce 
AMR in poultry (Gemeda et al. 2020; Gebeyehu 
et al. 2021).

Implementing these measures will require co-
ordinated action by veterinary authorities, agri-
cultural extension services and poultry industry 
associations. Without such action, the continued 
misuse of antimicrobials will accelerate the spread 
of antimicrobial-resistant Salmonella through the 
food chain, with lasting health and economic con-
sequences for Nigeria and the wider region.

We acknowledge the limitation of  this study: 
The antimicrobial susceptibility breakpoints used 
were derived from CLSI M100 (CLSI 2020), which 
is intended for human clinical isolates. Specific vet-
erinary breakpoints for poultry pathogens are not 
yet available for all antimicrobials tested. Where 
veterinary-specific breakpoints exist (e.g., for tet-
racycline and ampicillin in poultry), we cross-ref-
erenced them and found no change in classification 
for our isolates. However, for consistency, we re-
tained human breakpoints, a common practice 
in livestock AMR surveillance in Africa (Ramtahal 
et al. 2022; Odey et al. 2024). Future studies should 
apply veterinary-specific breakpoints as they be-
come available.

This work highlighted key findings for Nigeria’s 
poultry sector. First, salmonellosis, especially NTS, 
is still prevalent in Nigerian poultry farms. Although 
the national mean prevalence rate is ≈25%, preva-
lences in NCN varied between 14.7% and 29.6%, 
regardless of housing type. Second, both poultry 
and the poultry environment can contaminate 
other farms and the human food chain; therefore, 

we need to be more circumspect when handling 
poultry, poultry litter, and their byproducts.

The use and abuse of  antimicrobials appears 
to be driving the increasing risk of AMR, as the 
resistance pattern generated in this work closely 
matched the antimicrobials used most prevalent-
ly in the field, indicating the need for authorities 
to implement stricter control on access to anti-
microbials; otherwise, we risk the introduction 
of antimicrobial-resistant pathogens into the hu-
man food chain with the subsequent health and 
economic implications. Finally, this work provides 
empirical evidence for makers and implementers 
of policy on controlling NTS in Nigeria.
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