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Abstract

A total of 73 nontyphoidal Salmonella enterica isolates, 33 from raw chicken meat and 40 from routine clinical
specimens, were collected between 2015 and 2017 from eight cities in Sri Lanka for a pilot study of whole-genome
sequencing for Salmonella surveillance. The isolates were characterized by conventional serotyping and whole-
genome sequencing. The raw sequenced data were assembled and analyzed to predict Salmonella serotypes, deter-
mine sequence type (ST) profiles of genome and plasmid, and identify plasmid replicon sequences and antimicrobial
resistance (AMR) genes. The most common serovar isolated from chicken meat was Salmonella enterica serovar
Agona of ST13 (n = 16), in contrast to Salmonella enterica serovar Enteritidis of ST11 (n = 21) in human. Salmonella
enterica serovar Corvallis is the only serovar that was overlapping between human and chicken meat. The level of
agreement between serotyping and serotype prediction results was 100%. Among the 33 chicken isolates, multidrug
resistance (MDR) was observed in five isolates, including two Salmonella enterica serovar Kentucky ST314,
which harbored six different classes of AMR determinants. Among the 40 human isolates, MDR was detected in
two Salmonella enterica serovar Chester (ST2063) isolates containing five different antibiotic classes of AMR
determinants. Out of 73 isolates, the only human Salmonella enterica serovar Typhimurium strain of ST36 was
found to possess extended-spectrum beta-lactamase (ESBL) gene, blaCTX-M-15, and it was positive for ESBL
production. In summary, this study identified S. enterica serovars that were dominating in chicken meat and human
and showed the genomic differences among the chicken meat and human strains. It should be noted that the limited
number of isolates and sampling at a different time period means that thorough source attribution is not possible.
To the best of our knowledge, this is the first report on the use of whole-genome sequencing analysis of non-
typhoidal S. enterica isolated from chicken meat and human in Sri Lanka.
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Short Report/Case Study

Salmonella enterica, a common foodborne pathogen
worldwide, has >2600 serovars that can cause infections

of varying severity to human and animal. The nontyphoidal
Salmonella (NTS) strains may be host generalist with broad

host specificity that colonizes or infect a wide range of ver-
tebrate animals or may be restricted to particular animal
species (Feasey et al., 2012). NTS infections usually cause
mild to moderate self-limiting gastroenteritis in young adults,
and no antibiotic treatment is required. However, in *6% of
the gastroenteritis cases, bacteria may proceed to cause an
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invasive extraintestinal disease leading to bacteremia and
focal infection in the young, elderly, and immunocompro-
mised humans, and ciprofloxacin and extended-spectrum
cephalosporin are commonly prescribed to treat such inva-
sive disease (Rowe et al., 1997). Globally, an increasing
prevalence of ciprofloxacin and extended-spectrum cepha-
losporin resistance have been reported in clinical NTS strains
(Crump et al., 2015), and it is thought to be associated with
the use of fluoroquinolones and beta-lactams as a growth
promoter in food-producing animals. NTS is transmitted
through animal products (mainly through eggs, meats, and
poultry products) and produce contaminated with animal
feces and/or human sewage, and contact with animals and
animal environment (Crump et al., 2015).

Ministry of Health in Sri Lanka reported an overall de-
creasing trend in the incidence of dysentery, enteric fever,
and food poisoning for the period of 2007–2017 (MoH,
2018). The number of aforementioned foodborne illness
cases that can be attributed to S. enterica in Sri Lanka is
unknown. Similarly, the transmission pattern of S. enterica in
Sri Lanka remains unclear, and there is no published data
characterizing the molecular epidemiology of S. enterica in
human and poultry production. In Sri Lanka, both fluor-
oquinolones and beta-lactams are used to treat human Sal-
monella infection and are banned for growth promotion
purposes (personal communication from Dr. Palika Fernan-
do, National AMR steering committee member, Head De-
partment of Bacteriology, Veterinary Research Institute, Sri
Lanka). Given the public health significance of Salmonella,
this pilot cross-sectional genomic-based surveillance study is
done to provide the NTS situation in humans and raw chicken
meats from eight cities in Sri Lanka. It is important to note
that this study is not designed to compare the prevalence
between the different cities. On the contrary, this study aims
to provide a molecular snapshot of genetic variability among
the collected Salmonella strains.

A total of 73 nontyphoidal S. enterica isolates, 33 from raw
chicken meat and 40 from clinical specimens (i.e., stool,
blood, and joint fluid) were collected from eight cities in Sri
Lanka, namely Awissawella, Badulla, Colombo, Galle,
Jaffna, Kandy, Peradeniya, and Ragama between 2015 and
2017 (Table 1). Genomic DNA extraction, library construc-
tion, and sequencing were performed as previously described
(Guo et al., 2019). Sequence data were deposited into Gen-
Bank under BioProject accession number PRJNA504925.
GenBank accession numbers for individual isolates are listed
in Table 1. De novo assembly of draft genome (Afgan et al.,
2018), assessment of draft genome assembly quality (Gur-
evich et al., 2013), and genomic analyses (Larsen et al., 2012;
Zankari et al., 2012; Carattoli et al., 2014; Zhang et al., 2015;
Alikhan et al., 2018) were performed as previously described
(Tay et al., 2019). Conventional serotyping according to
Kauffman–White scheme was done in-house at the Enteric
Reference Laboratory in Medical Research Institute with
antisera purchased from S&A Reagents Lab Ltd., Part.
(Thailand).

Genomic analyses showed that Salmonella enterica ser-
ovar Agona of ST13 (n = 16) and Salmonella enterica serovar
Enteritidis of ST11 (n = 21) were the most prevalent serovars
that were observed among chicken meat and human isolates,
respectively. Salmonella enterica serovar Corvallis ST1541
is the only serovar that was overlapping between human

and chicken meat in this study. There was 100% concor-
dance between conventional serotyping by Kauffman–White
scheme and genotypic serotype prediction by SeqSero
(Zhang et al., 2015). Discrepancy was observed for four
human isolates; they were serotyped to be Paratyphi B var
java (henceforth Java) but were predicted to be Paratyphi B.
They have identical serological formula and Java is consid-
ered a variant of Paratyphi B that can ferment d-tartrate,
whereas Paratyphi B cannot due to a single nucleotide change
in the start codon of the STM3356 gene (Malorny et al.,
2003). Hence, when the draft genome of these four isolates
were blasted against the STM3356 gene of Java strain
NCTC5706 (GenBank accession number: LT571437.1), the
start codon was ATG (data not shown). In addition, these
isolates were phenotypically tested to be positive for d-
tartrate fermentation (data not shown). Altogether, this in-
dicates the isolates are able to ferment d-tartrate and they are
indeed Paratyphi B var. Java, which tallies with the ser-
otyping result. Hence, this suggests that additional genetic
loci or alleles should be taken into consideration for predic-
tion of a certain serotype from sequence data. More than two-
thirds (50/73) of the isolates contained plasmid replicons.
The commonly seen plasmid replicons were IncFII(S) and
IncFIB(S), of sequence type [F-:A16:B22] and were found in
16 Salmonella Enteritidis strains. Among the chicken meat
isolates, 87.9% (29/33) of them had at least one resistance
gene and multidrug resistance (MDR; defined as resistance to
three or more classes of antibiotics) was observed in 15.2% of
them (5/33), including two Salmonella enterica serovar
Kentucky ST314 strains, which harbored six different classes
of antimicrobial resistance (AMR) determinants. In contrast,
among the human isolates, 17.5% (7/40) of them had at least
one resistance gene and only two isolates (5%, 2/40) were
found to be MDR, which were both Salmonella enterica
serovar Chester ST2063 strain that contained five AMR de-
terminants, belonging to five different antibiotic classes. It is
worth mentioning that out of 73 isolates, only one human
isolate contained extended-spectrum beta-lactamase (ESBL)
gene, blaCTX-M-15. As expected, when we performed the
double-disk synergy test (Guo et al., 2019), the strain was
tested to be positive for ESBL production. Among all the
identified AMR genes, the most frequent resistance genotype
was fosA7 and was found in all 16 Salmonella Agona (ST13)
strains from different chicken meat samples. We did not test
the phenotypic resistance of these isolates to fosfomycin, and
hence we do not know if fosA7 gene confers phenotypic re-
sistance to fosfomycin. When a whole-genome single nu-
cleotide polymorphism (SNP) analysis with CFSAN SNP
Pipeline (Davis et al., 2015) that was installed on Galaxy-
Trakr (https://www.galaxytrakr.org) (Afgan et al., 2018) was
performed on the 16 Salmonella Agona isolates, the mini-
mum and maximum SNP differences were 0 and 36, re-
spectively (data not shown). Upon construction of the best-
scoring maximum likelihood (ML) SNP tree with random-
ized axelerated ML (RAxML) using a GTRGAMMA model
of evolution and default parameters (Stamatakis, 2014), it
appears that some isolates are phylogenetically related due to
0 SNP difference, but they may not be epidemiologically
related due to lack of information on sampling source.

The investigation has identified the S. enterica serovars
that were dominating in chicken meat and human, and
showed the genomics differences among the chicken meat
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and human strains. Since it is a retrospective study, it is
limited by the absence of adequate (‡50) and regular sam-
pling at indicated cities/locations for a longer period of time
(‡1 year), within the same time period for both chicken meat
and human samples. Hence, it is not possible to draw any
conclusion about the correlation between the clinical isolates
and the chicken reservoir. Nevertheless, the generated data
do provide very rough details about Salmonella serotypes and
resistance traits in chicken meat and human in studied cites,
and contribute to the design of sampling framework for
prospective Salmonella and AMR surveillance.
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