
Prevalence and whole genome phylogenetic analysis reveal genetic relatedness
between antibiotic resistance Salmonella in hatchlings and older chickens from

farms in Nigeria
Abdurrahman Hassan Jibril ,*,1 Iruka N. Okeke ,y Anders Dalsgaard,z and John Elmerdahl Olsen z

*Department of Veterinary and Animal Sciences, Faculty of Health and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark; yDepartment of Pharmaceutical Microbiology, Faculty of Pharmacy, University of Ibadan,
Ibadan, Nigeria; and zDepartment of Veterinary Public Health and Preventive Medicine, Faculty of Veterinary

Medicine, Usmanu Danfodiyo University Sokoto, Sokoto, Nigeria
ABSTRACT The presence of Salmonella in hatchlings
is the single most important risk factor for the introduc-
tion of Salmonella into poultry farms, and resistant
strains are particularly worrisome, as they could affect
treatment outcomes in humans infected through con-
sumption of contaminated poultry products. This study
estimated Salmonella prevalence, determined resistance
profiles of strains recovered from hatchlings in Nigeria,
and determined genetic relatedness between hatchling
strains and strains from poultry farms. In this study,
300 fecal samples were collected. Salmonella was isolated
by culture and confirmed by PCR, and isolates were
tested for susceptibility to antimicrobials by the disk dif-
fusion method. Strains were pair-end sequenced, and
genomes were used to obtain serotypes and antibiotic
resistance genes. Whole-genome based phylogenetic
analysis was used to determine genetic relatedness
between these isolates and strains from previously char-
acterized older chicken within the same geographical
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area. A prevalence of 10.7% was obtained belonging to
13 Salmonella serovars. Resistance to kanamycin (30/
32), ciprofloxacin (22/32), nalidixic acid (22/32), and
sulfonamides (22/32) were the most commonly observed
phenotypic resistances. Twenty-two (68.8%) isolates
showed multidrug resistance. In silico predictions identi-
fied 36 antimicrobial resistance genes. Four (12.5%) and
22 (68.8%) strains showed point mutations in gyrA and
parC. Commonly observed acquired resistance genes
included sul1, sul2, sul3, and tet(A) as well as a variety
of aminoglycoside-modifying genes. Eleven (34.4%) iso-
lates were predicted to have genes that confer resistance
to fosfomycin (fosA7, fosB). A strain of S. Stanleyville
was predicted to have optrA, which confers resistance to
furazolidone. Strains of S. Kentucky, S. Muenster, and
S. Menston obtained from hatchlings showed close
genetic relatedness by having less than 30 SNPs differ-
ence to strains recovered from chickens at farms previ-
ously receiving hatchlings from the same sources.
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INTRODUCTION

Nontyphoidal Salmonella are annually responsible for
an estimated 95.1 million human cases of salmonellosis
globally, with an estimated 50,771 fatal cases
(Hoelzer et al., 2011; Stanaway et al., 2019). Certain Sal-
monella serovars are causing high economic losses in
poultry due to high mortality, morbidity, and impaired
production performance. However, the majority of
serovars have little impact on poultry health and pro-
duction, but they may cause human disease through
consumption of contaminated poultry products.
Hatcheries occupy a central position between breeders

and poultry farms, and they can be key in the transmis-
sion of zoonotic pathogens to poultry farms. Ensuring
that eggs and hatchlings are free of Salmonella is thus of
critical importance for controlling Salmonella in poultry
(Bailey et al., 1998). Salmonella can contaminate eggs by
both vertical and horizontal transmission, and hatchlings
borne from such eggs can be a source of infection, intro-
ducing Salmonella into farms (Chao et al., 2007;
Osman et al., 2018). Vertical transmission occurs in the
ovary or oviduct where Salmonella directly infect the eggs
(Wigley et al., 2001). Horizontal transmission occur by
fecal contamination of the shell during the passage
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through the cloaca (Schoeni et al., 1995; Chao et al.,
2007).

Next-generating sequencing techniques have become
the current standard for profiling of bacterial genomes
(Yu et al., 2020). It is increasingly used in public health
laboratories for typing and characterizing foodborne
pathogens (Kang et al., 2022). This sequence base typ-
ing method allow for serotyping, antimicrobial resis-
tance, virulence profiling, and subtyping in a single
workflow and provides high resolution and precision
(Inns et al., 2017). This technique has been successfully
used in Salmonella subtyping for monitoring and trace-
ability (Rounds et al., 2020).

Little is known about the occurrence of Salmonella in
hatcheries in Nigeria and to what extent serovars and
genotypes found in hatchlings are like those present in
poultry farms. Knowledge of such transmission dynam-
ics of Salmonella is essential when establishing effective
Salmonella control programs in the poultry industry. In
the present study, we aimed to determine the prevalence
and serovars of Salmonella in day-old chickens when
sold at hatcheries in Nigeria as well as the susceptibility
and resistance genes to commonly used antimicrobials.
We also assessed the genetic relatedness between Salmo-
nella strains isolated from day-old chickens to those
found at commercial poultry farms in Nigeria using
whole genome sequence (WGS) analysis.
MATERIALS AND METHODS

Ethical Considerations

Ethical approval for collecting fecal samples from day-
old chickens and for conducting the study was obtained
from Sokoto State Ministry of Animal Health and Fish-
eries Developments, Kebbi State Ministry of Animal
Health and Husbandry, and Zamfara State Directorate
of Animal Health and Livestock Development (Refer-
ence numbers MAH&FD/VET/166/11, MAHF/VET/
VOL1, and DAHLD/SUB/VET/VOL.1, respectively).
Study Design and Description of Study Area

Cross-sectional sampling was employed to estimate
Salmonella prevalence in day-old chicks that arrived
from different hatcheries to poultry stores and farms in 3
states of the northwest Nigeria. Poultry stores are regis-
tered commercial outlets located across Nigeria that
merchant day-old chicks, veterinary medicine, and farm
equipment to farmers. Day-old chicks are transported in
boxes from hatcheries in the Southwestern Nigeria to
the 3 study states with a transport time of up to 48 h. A
few of the hatcheries delivering day-old chicks were in
the north, and from these locations, transportation time
was less than 24 h.
Fecal Sample Collection

Fecal samples were obtained from multiple locations
in transport boxes of newly arrived day-old chicks (one
box per single hatchery source per farm) into sterile sam-
ple bottles. Each transport box measured 49 cm £ 29
cm £ 13 cm (length £ width £ depth) and contained a
maximum of 51-day-old chicks from the same hatchery
source. Three hundred (300) composite fecal samples
(approximately 3 g) representing an individual box were
collected from January to July 2018. Each sample bottle
was labeled and transported on ice packs to the labora-
tory where microbiological analysis was initiated within
24 h of sample collection.
Salmonella Isolation and Identification

Standard bacteriological methods were used to enrich
for, isolate and identify Salmonella strains (Jibril et al.,
2020). Briefly, samples were investigated for presence of
Salmonella spp. according to the International Standard
Organization (2017) method. Presumptive Salmonella
isolates were characterized by biochemical tests using
commercially available media (Oxoid, Basingstoke,
UK), and subjected to serological confirmation by slide
agglutination test using polyvalent Salmonella antisera
(SSI, Copenhagen, Denmark). As a final confirmation,
Salmonella presumptive isolates were subjected to PCR
identification using the invA-based method (Rahn et al.,
1992; Waghamare et al., 2018).
Whole Genome Sequencing and Quality
Control of Sequences by Bioinformatics
Analysis

A total of 32 PCR-confirmed Salmonella strains were
subjected to whole genome sequence analysis. Colonies
were cultured overnight in 5 mL Luria broth (LB)
(Difco, Detroit, Michigan) and genomic DNA was
extracted using Promega Maxwell DNA automatic
extraction robot Maxwell RSC Cultured Cells (Maxwell
RSC-16, Madison, Wisconsin) as previously described
(Jibril et al., 2020). Sequencing libraries were prepared
using Nextera XT kits according to instructions given
by the manufacturer (Illumina, San Diego, CA).
Genomes were sequenced on an Illumina MiSeq platform
using paired-end chemistry (2 £ 250-bp) (Illumina). De
novo genome assembly of sequences was done using
SPAdes version 3.9 (Nurk et al., 2013). The quality of
the assembled genome was evaluated using QUAST
(Gurevich et al., 2013). Genome characteristics and
accession number for each genome are indicated in the
Supplementary File 1. The draft genome sequences of
day-old chicks are available at the European Nucleotide
Archive under study accession numbers PRJEB38609.
Phenotypic and Genotypic Antimicrobial
Resistance Analysis

Isolates were phenotypically tested for susceptibility
to 11 commonly used antimicrobials representing 9 clas-
ses of antimicrobials (ampicillin, cefotaxime, chloram-
phenicol, gentamicin, ciprofloxacin, sulfonamides,



Table 1. Prevalence of Salmonella in hatchlings in transport
boxes immediately after leaving hatcheries in Nigeria.

Hatchery Sample site Positive

sources
Number of

boxes sampled Farm Poultry vendor Number (%)

Hatchery A 23 7 16 1 4.3
Hatchery B 31 10 21 2 6.5
Hatchery C 55 11 44 7 12.7
Hatchery D 87 29 58 8 9.2
Hatchery E 24 5 19 2 8.3
Hatchery F 20 15 5 3 15.0
Hatchery G 60 14 46 9 15.0
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kanamycin, meropenem, nalidixic acid, tetracycline, and
trimethoprim) by the Kirby-Bauer disk diffusion test
using Clinical and Laboratory Standards Institute
(CLSI) protocols (Clinical Laboratory Standards Insti-
tute CLSI, 2017) as previously described (Jibril et al.,
2021a). A strain was defined as multidrug resistant
(MDR) when it was resistant to at least one drug in at
least 3 different antimicrobial classes (Magiorakos et al.,
18AD). In silico prediction of antimicrobial resistance
genes (ARGs) in assemblies of draft genomes was done
using Resfinder version 3.2 (Zankari et al., 2013).
Total 300 91 209 32 10.7
In Silico Serotyping and Prediction of
Sequence Types

Draft genome sequences were submitted to Salmonella
in silico typing resources (SISTR) through the web
application programming interface (Yoshida et al.,
2016; Robetson et al., 2018). Serotypes were predicted
and sequence types (STs) assigned (Achtman et al.,
2012).
Phylogenetic Analysis

To determine relatedness between Salmonella isolates
from day-old chickens and strains of matching serotypes
obtained previously from poultry on the same farm and
likewise sequenced (maximum 43 d prior to obtaining
isolates from day-old chicken) (Jibril et al., 2020),
genetic relatedness was assessed by determining SNP
differences. The strains where matching isolates were
available (n = 17) belonged to the serovars S. Isangi
(ST-216), S. Kentucky (ST-198), S. Larochelle (ST-22),
S. Menston (ST-7742), S. Muenster (ST-321), and S.
Virchow (ST-6166). Draft assemblies of genomes
together with a reference sequence obtained from Salmo-
nella Typhimurium ATCC 14028 (4,889,644 bp) were
submitted to CSI Phylogeny 1.4 available at https://
cge.cbs.dtu.dk/services/CSIPhylogeny/ to get whole
genome SNPs difference (Kaas et al., 9AD). Newick out-
put from CSI phylogeny with strain metadata was
imported to iTOL to reconstruct phylogenetic tree
(Letunic and Bork, 47AD).
Table 2. Distribution of Salmonella serovars obtained from
boxes with hatchlings in Nigeria.

Serotypes
Number
of strains

Percentage
of strains (%)

Antigenic
formula ST

S. Chomedey 1 3.1 C2-C3:z10:e,n,z15 3961
S. Haelsingborg 1 3.1 C1:m,t 7748
S. Isangi 4 12.5 C1:d:1,5 216
S. Ituri 2 6.3 B:z10:1,5 4498
S. Kentucky 1 3.1 C2-C3:i:z6 198
Data and Statistical Analysis

Level of concordance between phenotypic resistance
and in silico gene predictions was assessed using Cohen’s
kappa statistic in SPSS version 28 (IBM, New York,
NY). Level of agreement was interpreted as described by
McHugh, 22AD. The value of P < 0.05 at 95% confi-
dence interval was considered significant.
S. Larochelle 3 9.4 C1:e,h:1,2 22
S.Menston 3 9.4 C1:g,[s],t:- 7742
S.Mississipi 1 3.1 I13,23:d:- 2194
S.Muenster 3 9.4 E1:e,h:1,5 321
S. Nigeria 2 6.3 C1:r:1,6 4911
S. Stanleyville 7 21.9 B,z4,z23:1,2 2562
S. Takoradi 1 3.1 C2-C3:i:1,5 531
S. Virchow 3 9.4 C1:r:1,2 6166
RESULTS

Prevalence and Salmonella Serovars

Thirty-two out of the 300 composite fecal samples,
each representing one box per shipment to a farm and
poultry vendors, were found positive for Salmonella, cor-
responding to a prevalence of 10.7% in transports of
day-old chicks originating from 7 major hatcheries in
Nigeria. Samples from hatcheries F (15.0%), G (15.0%),
and C (12.7%) had the highest prevalence of Salmonella
(Table 1). S. Stanleyville (ST-2562) occurred with the
highest occurrence (21.9% of positive boxes) in day-old
chicks, followed by S. Isangi (ST-216) (12.5%), S.
Virchow (ST-6166) (9.4%), S. Muenster (ST-321)
(9.4%), S. Larochelle (ST-22) (9.4%), and S. Menston
(ST-7742) (9.4%) (Table 2).
Phenotypic Susceptibility to Antimicrobials
and Presence of ARGs

All 32 isolates showed resistance to one or more of the
11 antimicrobials tested. High-level of resistance was
observed to kanamycin (30/32; 93.8%), nalidixic acid
(22/32; 68.8%), ciprofloxacin (22/32; 68.8%), and sulfo-
namides (22/32; 68.8%). All strains of S. Isangi were
resistant to kanamycin, ciprofloxacin, chloramphenicol,
trimethoprim and nalidixic acid. One strain of S. Muen-
ster (ST-321) was resistant to all antimicrobials except
meropenem. Twenty-two (68%) of the isolates were
MDR; this included strains of the serovars S. Stanley-
ville (42.9% of strains belonging to this serovar), S.
Isangi (100%), S. Muenster (ST-321) (100%), and S.
Nigeria (100%) (Table 3).
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Table 3. Phenotypic antimicrobial resistance in Salmonella serovars from boxes of hatchlings in Nigeria.

Serovar N

Number of isolates resistant to antimicrobials MDR*
AMP GEN KAN CTX CIP SUL TET CHL TMP NAL MEM N

Chomedey 1 0 1 1 0 1 1 1 0 0 1 0 1
Haelsingborg 1 1 1 1 0 0 1 0 0 0 0 0 1
Isangi 4 2 3 4 1 3 3 2 4 4 3 0 4
Ituri 2 0 0 2 0 2 1 0 0 0 2 0 0
Kentucky 1 0 1 1 0 1 1 1 0 0 1 0 1
Larochelle 3 0 2 3 1 2 2 0 0 1 3 0 3
Menston 3 0 1 3 2 2 1 1 0 0 1 1 1
Mississippi 1 0 1 1 0 1 1 0 0 0 1 1 1
Muenster 3 2 2 3 1 2 3 3 1 1 3 0 3
Nigeria 2 0 0 2 0 1 2 2 0 0 2 0 2
Stanleyville 7 1 2 5 5 4 3 0 1 2 3 0 3
Takoradi 1 1 1 1 0 1 1 1 1 1 1 0 1
Virchow 3 0 3 3 0 2 2 0 0 0 1 1 1
Total 32 7 18 30 10 22 22 11 7 9 22 3 22

Abbreviations: AMP, ampicillin; CHL, chloramphenicol; CIP, ciprofloxacin; CTX, cefotaxim; GEN, gentamicin; KAN, kanamicin; MEM, meropenem;
NAL, nalidixic acid; SUL, sulfonamides; TET, tetracycline; TMP, trimethoprim. *MDR, multidrug resistance.
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In silico predictions using ResFinder identified 36
ARGs, and it detected point mutations in DNA gyrase
(gyrA) and DNA topoisomerase (parC) in 4 (12.5%) and
22 (68.8%) strains, respectively. Point mutations were
also observed in pmrB in S. Mississippi, and the specific
SNP identified (pmrB; Thr147Pro) is associated with
colistin resistance (Jayol et al., 2014). Some isolates (12/
32) carried the qnrB10 gene associated with low level
ciprofloxacin resistance, or with amplifying resistance
mediated by SNPs in quinolone-resistance determining
regions of quinolone targets (Veldman et al., 2011). All
isolates contained the aac (60)-Iaa, which confers resis-
tance to kanamycin. Eight isolates carried aph (3") - Ib
and aph (6) - Id that both confer resistance to strepto-
mycin. Two S. Isangi strains had blaOXA-1, which confers
resistance to ampicillin (Karami et al., 2008). Eleven iso-
lates (34.4%) carried fosfomycin resistance genes (fosA7,
fosB), including 7 strains of S. Stanleyville, 3 of S. Men-
ston and one S. Haelsingborg. One S. Stanleyville strain
carried multiple ARGs belonging to the classes of fura-
zolidone (optrA), aminoglycosides (str, ant(9)-Ia, ant
(6)-Ia), and macrolides (erm(A), erm (B), Inu (B), Isa
(A), Isa(E)). Genes conferring resistance to sulfona-
mides (sul1, sul2), chloramphenicol (fexA, catA1,
catB3) and trimethoprim (dfrA, dfrG dfrC) were shown
in 25.0%, 15.6%, and 18.8% of the isolates, respectively.
One isolate each of S. Virchow, S. Mississippi and S.
Menston were phenotypically resistant to meropenem,
however, genetic determinants known to encode merope-
nem resistance were not detected. Genes conferring resis-
tance to more than 3 classes of antimicrobials were
observed in S. Kentucky (ST-198), S. Isangi, S. Stanley-
ville and S.Muenster (ST-321) (Figure 1).

Comparison between phenotypic and genotypic resis-
tances revealed a substantial agreement with statistical
significance between resistance genes identified and phe-
notypic resistance to tetracycline (k = 0.78, P = 0.001),
moderate agreement for chloramphenicol (k = 0.59,
P = 0.001), and fair agreement for ampicillin (k = 0.38,
P = 0.006) and trimethoprim (k = 0.39, P = 0.02) (Sup-
plementary Table 1).
Phylogenetic Comparison

Seventeen isolates of 6 serovars obtained from day-old
chicks (S. Kentucky, S. Muenster, S. Larochelle, S.
Virchow, S. Isangi, S. Menston) matches according to
serovar with strains previously obtained from chickens
raised at the same farms (Jibril et al.‚ 2020). Compari-
son was done to these isolates by SNP analysis. The per-
centage of reference genome covered by all isolates was
81.0%, with 3,946,763 SNP positions. Strains clustered
according to serovar to form 6 clades supported with a
bootstrap value of 100%, confirming the phylogenetic
relevance of serovars (Figure 2). Result from the SNP
matrix analysis (Supplementary File 2) showed that
strains of S. Kentucky had SNPs differences ranging
from 2 to 2,889. One S. Kentucky strain from day-old
chicks aligned closely with a strain from poultry at the
same farm (22 SNPs apart). Strains of S. Menston had
SNPs difference ranging from 27 to 2,475. A strain from
day-old chicks of this serovar differed in only 27 SNPs
from a strain isolated at a poultry farm that previously
had sourced chicken from the same hatchery. SNP differ-
ence for S. Muenster ranged from 6 to 2,396 and notably
2 strains from day-old chickens showed less than 15 SNP
differences with strains from poultry on a farm that had
previously sourced day-old chickens from the same
hatchery (Figure 2). Within the S. Kentucky, S. Men-
ston and S. Muenster clades, 4 isolates from hatcheries
differed ≤30 SNPs from a farm isolate.
DISCUSSION

The Salmonella prevalence of 10.7% found in our day-
old chicks are somewhat lower than estimates from pre-
vious studies, which reported 27.0% of newly arrived
day-old chicks in the United States (Habing et al., 2015)
and 18.6% of imported day-old chicks in Egypt
(Osman et al., 2010). A lower prevalence (7.5%) of Sal-
monella was however estimated in a more recent study
of day-old chicks in Egypt (Sedeik et al., 2019). In any
case, the presence of Salmonella in day-old chicks can



Figure 2. Whole genome SNP rooted phylogenetic tree of matching Salmonella serovars obtained from boxes of hatchlings and farms in Nigeria.
Each branch in separate colors represent a serovar. The strain used as reference genome is Salmonella Typhimurium ATCC 14028. Inner ring repre-
sents hatchery sources, where farmers obtained their chicks and each color bar represent hatchery as indicated in the legend located in the top left.
The outer ring represents matching serovars of Salmonella from hatchlings and older chickens. Red colored node labels are strains with low number
of SNPs between strains from hatchling and older chickens. Hatchling strains are with gray background.

Figure 1. Presence of predicted antimicrobial resistance genes in Salmonella isolates from boxes of hatchlings in Nigeria. The row represents iso-
lates ID, while columns represent predicted antimicrobial resistant genes. *A-glycosides; other aminoglycoside resistant genes predicted (str, ant
(9)-Ia, ant (6)-Ia). *Macrolides; other macrolide resistant genes predicted (erm(A), erm(B), Inu(B), Isa(A), Isa(E)).
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jeopardize any control measures to prevent Salmonella
at the farms (Bailey et al., 1998). We have recently
reported presence of S. Kentucky (ST-198), S. Isangi, S.
Larochelle and S. Muenster (ST-321) in commercial
poultry farms in the same geographical area investigated
in the current study. While detection of the same sero-
vars in day-old chicks and in poultry farms suggests that
hatcheries could be sources and may play an important
role in the transmission of Salmonella, genome compari-
son or other detailed typing of isolates is required to
firmly conclude on the transmission dynamics.

The public health importance of the trade of Salmo-
nella-positive day-old chicks cannot be underscored as
nontyphoidal Salmonella illness in humans have been
linked to zoonotic transmission from day-old chicks via
poultry products to humans (Behravesh et al., 2014),
and day-old chicks have previously been associated with
multistate outbreaks of salmonellosis (Habing et al.,
2015). Some of the serovars we detected (S. Kentucky,
S. Isangi and S. Muenster) in the day-old chicks are of
public health importance as they have been implicated
in human salmonellosis (van Cauteren et al., 2009;
Suleyman et al., 2016). Furthermore, isolation of S.
Stanleyville and S. Virchow, which have been associated
with zoonotic transmission of invasive nontyphoidal Sal-
monella (iNTS), is indeed worrisome. S. Stanleyville is
mostly detected in poultry and cattle (European Food
Safety Authority and European Center for Disease Pre-
vention and Control ECDC, 2015; Cui et al., 2016;
Fagbamila et al., 2017 ), but reports have associated this
serovar with invasive human infections in West and
Central Africa (Tennant et al., 2010; Mossoro-
Kpinde et al., 2015), and several outbreaks in Europe
(Cibin et al., 2019). S. Virchow seems associated with
poultry (Andoh et al., 2016; Bertrand et al., 2006) and
accounted for 25% of NTS human infections in Australia
(Parisi et al., 2018).

Phenotypically, all isolates showed resistance to at
least one antimicrobial with 68% of these isolates being
MDR. Multiple ARGs were identified with good agree-
ment to phenotypic resistance. Resistance to aminogly-
cosides, sulfonamides, ciprofloxacin, chloramphenicol,
and trimethoprim were commonly observed and genes
and point mutations encoding these resistances were
found in the isolates. Resistances to third generation
cephalosporins and ciprofloxacin were combined in 6 iso-
lates (18.8%) representing 5 different serovars. Empiric
treatment of human salmonellosis often uses these anti-
microbials. Notably, 34.4% of isolates belonging to S.
Stanleyville, S. Menston and S. Haelsingborg were
shown to contain fosfomycin resistance genes, however
we did not test for phenotypic resistance against this
drug. Fosfomycin is a broad spectrum antimicrobial
that is often used as drug of last resort in the treatment
of chronic bacterial infections in human and is presently
being promoted as a treatment of choice for life-threat-
ening sepsis in African settings (Falagas et al., 2016;
Kane et al., 2021; Obiero et al., 2022). Detection of fosfo-
mycin resistance in day-old chicks is worrisome, because
it indicates possible administration of this antimicrobial
to day-old chicks or grandparent stock. Reports have
documented that antimicrobials are sometime adminis-
tered in hatcheries to control early mortality rate associ-
ated with colibacillosis. The antimicrobials are
administered in ovo or by subcutaneous injection to
hatchlings, together with Marek’s disease vaccination
(McReynolds et al., 79AD; Heinrich et al., 2013;
Baron et al., 2014). In some instances, this include the
use of third generation cephalosporins, and this has been
strongly linked to the increase in resistance to this class
of antimicrobials in poultry production (Dutil et al.,
2010; Persoons et al., 2011; Baron et al., 2014). However,
information on the use of third generation cephalospor-
ins and fosfomycin in the Nigerian hatchery industry is
unavailable and needs investigation. In addition, a
strain of S. Stanleyville contained multiple ARGs
including optrA (furazolidone). Detection of furazoli-
done resistance genes in day-old chicks is worrisome, as
this drug is banned for use in Nigeria (National Agency
for Food and Drug Administration and Control NAF-
DAC, 2017). Jibril et al., 2021b demonstrated in a recent
study that 5% of poultry farms used products containing
nitrofurantoin, a furazolidone antibiotic.
We observed that strains from day-old chicks were of

the same serovars as strains isolated from poultry at the
same farm. SNPs differences of less than 30, typically
used to infer isolate point source for enterobacteriales
(den Bakker et al., 2011; Taylor et al., 2015;
Gymoese et al., 2017; Kudirkiene et al., 86AD) was
observed in S. Kentucky, S. Menston and S. Muenster
between strains from day-old chicks and poultry, while
strains of the same serovars from different farms had
higher number of SNPs. This could be a strong indica-
tion that hatchling was the source of Salmonella in the
farms; however, the comparison of strains obtained in 2
cross sectional studies (the current study and the study
of Jibril et al., 2020) was not ideal. For firm conclusions,
a longitudinal study in the farms after receiving the
hatchlings would have been optimal. Different SNP
threshold have been used to establish genetic relatedness
between strains of Salmonella strains (den Bakker et al.,
2011; Taylor et al., 2015; Gymoese et al., 2017;
Kudirkiene et al., 86AD). With a strict cut-off of 30
SNPs, isolates obtained from hatchlings and poultry on
the same farm often showed less than 30 SNPs differ-
ence, which was far less than the diversity observed in
strain, which were not from the same hatchery. This sug-
gests clonal transmission between hatcheries and farms
is likely, therefore underscoring the important of hatch-
eries in the transmission dynamics of Salmonella infec-
tion in poultry farms (Martelli et al., 45AD;
Sharma et al., 2018).
CONCLUSIONS

In conclusion, moderate prevalence of Salmonella was
reported in hatchlings leaving the hatcheries. Notably,
strains were often MDR, and resistant genes to fosfomy-
cin was detected in S. Stanleyville (ST-2562), S.
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Menston (ST-321), and S. Haelsingborg (ST-7748). Fur-
thermore, this study demonstrated S. Kentucky (ST-
198), S. Muenster (ST-321), and S. Menston
(ST-321) obtained in hatchlings were closely related
strains obtained from poultry in the farms which sourced
hatchlings from same hatchery.
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