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Abstract. Salmonella Typhi and Salmonella Paratyphi are the predominant agents
of diarrheal disease. However, non-typhoidal Salmonella (NTS) serovars are be-
coming increasingly global. Indonesia is endemic for typhoid fever, but data on
NTS is limited. The study employed multiplex PCR (mPCR) to identify NTS in
diarrheal children. Bacterial cultures grown on Salmonella Shigella agar from
80 fecal samples of diarrheal pediatric patients in Dr Soetomo General Hospital,
Surabaya, Indonesia were characterized by mPCR as NTS Enteritidis, Infantis,
Thompson, and Typhimurium. Confirmation by direct amplicon sequencing
and by conventional biochemical and serological tests revealed only one NTS as
Infantis and one isolate each of S. Paratyphi A, S. Paratyphi C and S. Typhi. The
clinical manifestation of S. Infantis infection was milder than that of S. Paratyphi
or S. Typhi infection. Thus confirmation tests should be conducted to confirm
NTS identification by mPCR.
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INTRODUCTION

Diarrheal disease is an important pub-
lichealth problem in developing countries
and a prominent cause of morbidity and
mortality worldwide (WHO, 2016). Genus
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Salmonella, a member of family Entero-
bacteriaceae, remains one of the major
contributors to acute enteric infections in
Asia, especially Salmonella Typhi and S.
Paratyphi (Ochiai et al, 2008). However,
non-typhoidal Salmonella (NTS) serovars
are becoming increasingly a threat to hu-
man health globally, responsible for an
estimated 94 million cases of gastroen-
teritis each year and upwards of 150,000
deaths (Majowicz et al, 2010). Among NTS,
S. Enteritidis and S. Typhimurium are
epidemiologically the most predominant
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serovars, with poultry as a major source
of infection (ECDC, 2005; Saravanan et al,
2015).

In most cases, NTS infection is a
self-limiting disease, causing mild gas-
troenteritis; however it can lead to a wide
spectrum of complications including
bacteremia and severe infections such
as meningitis (Fleisher and Sieff, 2010;
Bhutta, 2011). In developing countries, es-
pecially in Africa, NTS is a major source of
severe clinical illness in children (Graham
et al, 2000). In Bangladesh, cases of NTS
bacteremia present a more acute diarrhea
in children with malnutrition compared to
Salmonella Typhi bacteremia, and are more
likely to have co-morbidities (Shahunja
et al, 2015). In Africa and Thailand, the
prevalence of NTS is higher in children
with a median age of 13 months (Tham-
likitkul et al, 1996; MacLennan et al, 2008).

Conventional methods recommended
for detection of Salmonella, such as sero-
typing, are generally cumbersome, ineffi-
cient, labor intensive and time consuming
(D’aoust, 1989; Wattiau et al, 2011). More
recently, PCR-based methods have been
employed as the techniques are cost-ef-
fective, less laborious, highly sensitive,
and specific (Jamshidi et al, 2009; Lee et al,
2009; Tennant et al, 2010). A multiplex PCR
(mPCR) approach allows simultaneous
detection of several pathogens and has
been developed to identify Salmonella se-
rovars (Jamshidi et al, 2009; Lee et al, 2009).

Although typhoid fever is endemicin
many developing areas in Asia, including
Indonesia (Ochiai et al, 2008; Pickering
et al, 2012), but data on NTS are limited.
Hence, NTS in diarrheal children admit-
ted to a hospital in Surabaya, Indonesia
were initially identified using mPCR,
together with their clinical features, fol-
lowed by confirmation by conventional
and sequencing methods as mPCR has not
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been widely used to identify NTS from
human samples.

MATERIALS AND METHODS

Patients

Diarrheal pediatric patients were
enrolled between November 2016 and
March 2017 at Dr Soetomo General Hos-
pital, Surabaya, Indonesia. Data of patient
characteristics (age and nutrition status)
and clinical picture (acute or chronic
diarrhea, level of dehydration and any
complication) were retrieved from medi-
cal records. Acute diarrhea, is defined
as passage of > 3 of abnormally loose or
watery stools in the preceding 24 hours
or as a new onset of diarrhea in a patient
without a history of diarrhea in the previ-
ous 14 days. Chronic diarrhea is defined as
an episode of diarrhea lasting at least 14
days. Level of dehydration and nutrition
status followed WHO guidelines (WHO,
2005; WHO, 2010).

Ethical clearance for the study was
obtained from the Ethics Committee of Dr
Soetomo General Hospital, Surabaya (ref.
no. 07/Panke.KKE/I1/2017, extension of
ethical clearance ref. no. 188/ Panke. KKE/
VIII/2012). Prior informed consent was
obtained from parents or legal guardian
of each participating child.

Bacteria isolation

Fecal sample was directly added to
Selenite broth (OXOID, Basingstoke, UK),
an enrichment medium, and incubated at
35°C for 24 hours before streaking onto
Salmonella Shigella agar (SS) (OXOID)
and incubating at 35°C for a further 24
hours. Black colonies of suspected Salno-
nella were maintained as stocks.

mPCR

DNA was extracted from a single
colony using QIAamp DNA Mini Kit
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(QIAGEN, Tokyo, Japan). Amplification
by mPCR employed a set of five primer
pairs (Table 1). Reaction mixture (20 ul)
consisted of 2 ul of DNA template, 0.5 ul
of 0.2 uM each primer (except 0.8 uM for
H: set), 12.5 ul of 10X Tag PCR master
mix kit (QIAGEN, Hilden, Germany) and
appropriate volume of double-distilled
water. Thermocycling was carried out
in a Veriti thermal cycler (Applied Bio-
systems, Singapore) as follows: 95°C for
6 minutes; followed by 30 cycles of 95°C
for 60 seconds, 63°C for 12 seconds and
72°C for 60 seconds; and a final step of
72°C for 4 minutes (Shimizu et al, 2014).
Amplicons were separated by 2% agarose
gel-electrophoresis containing ethidium
bromide and visualized under UV illu-
mination. A strain generating amplicons
from primer pairs P1 and P2, P3, P4, or P5
was identified as NTS.

Confirmation tests

Confirmation of presence P3 target
gene was undertaken using uniplex PCR
under an optimal annealing temperature

of 56°C (Kardos et al, 2007). The obtained
amplicons were subjected to direct
nucleotide sequencing using Big Dye
Terminator Cycle Sequencing v.1.1 kit
and an ABI Prism 310 Sequencer (Applied
Biosystems, Foster City, CA). Nucleotide
sequence was aligned using Genetyx-Win
version 9.0 (Genetyx, Tokyo, Japan) and,
if necessary, by the program Basic Local
Alignment Search Tool (BLAST) (http://
blast.ncbi.nlm.nih.gov) to find highest
similarity to all reported genes deposited
at NCBI database. UVA Fasta Server (fasta.
bioch.virginia.edu) was also used to deter-
mine regions of similarities of sequences
determined using forward and reverse
primers and the corresponding reported
sequences. All sequences obtained from
the study were deposited at DDB] data-
base, accession nos. LC474099-L.C474100.

Biochemical and serologic tests were
also conducted to confirm the results of
the mPCR. Colonies were placed onto
triple-sugar-iron (TSI) agar (OXOID)
slants, incubated at 35°C for 24 hours and

Table 1
Primers used in multiplex PCR for detection of non-typhoidal Salmonella.

Primer Sequence (5'=3') Amplicon  Target Serovar

name size (bp) gene
invA-Fo GCCATGGTATGGATTTGTCC 118 invA  Salmonella specific
invA-R® GTCACGATAAAACCG
sdfFP TGTGTTTTATCTGATGCAAGAGG 333 sdf S. Enteritidis
sdfR® CGTTCTTCTGGTACTTACGATGAC
878f¢ TTGCTTCAGCAGATGCTAAG 413 fliC-r  S. Infantis
1275r¢ CCACCTGCGCCAACGCT
H:ford ACTCAGGCTTCCCGTAACGC 551 fliC-i  S. Typhimurium
H:1d ATAGCCATTTACCAGTTCC
H:k-Fe AACGACGGTATCTCCATTGC 658 fliC-k  S. Thompson
H:k-Re CAGCCGAACTCGGTGTATTT

aP1 (Shimizu et al, 2014). *P2 (Agron et al, 2001). °P3 (Kardos et al, 2007). P4 (Tennant et al, 2010).

eP5 (Shimizu et al, 2014).
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observed for acid, gas and H,S production,
then tested for other biochemical
properties, such as indole production,
motility and citrate production (Walker
et al, 2015). In addition, ELISA using
Salmonella antiserum (Biofarma, Bandung,
Indonesia) was performed to complete the
identification of Salmonella serovars.

RESULTS

Patients’ characteristics

Fecal samples were collected from 80
children with diarrhea, 1.5 months - 15
years of age (median 1.4 years) (Table 2).
The majority of the patients were classi-
fied as in good nutrition status, followed
by mild to moderate and lastly severe
malnutrition status. Most had acute diar-
rhea and mild to moderate dehydration.
Two patients died from complications of
cardiomyopathy, acute liver failure or
sepsis (data not shown).

mPCR assay and and confirmation tests
Among the 80 fecal samples, 38 pro-

duced on SS agar black putative Salmo-
nella colonies, 11 of which were positive
by mPCR only for Salmonella (Fig 1A).
Subsequent uniplex PCR identified one
isolate (RI 41) as S. Infantis (Fig 1B).
Analysis of the sequence of sample RI
41 amplified by Salmonella-specific P1
primer pair demonstrated 100% identity
to a S. Typhimurium M90846 invA frag-
ment (Fig 2A) (Shimizu et al, 2014), but,
surprisingly, that of P3 amplicon was only
26% similar to S. Infantis AY353282 fliC-r
fragment (expected target gene) and 100%
similar to S. Infantis CFSANO003307 sodi-
um-potassium/proton antiporter ChaA
gene fragment, nt 2,147,247-2,147,621
(Fig 2B). Fasta sequence analysis showed
the sequence of S. Infantis CFSAN003307
ChaA gene had a 77% similarity to the
sequence from P3 reverse primer and
50% similarity to the sequence from P3
forward primer (Fig 2B).

Biochemical and serological tests
identified, among the ten remaining
mPCR-positive isolates, S. Paratyphi A

Table 2
Characteristics of diarrheal patients with Salmonella-positive fecal samples.

PatientID Age Sex Presenting sign/

Nutritional status Salmonella serovar

symptom

RI1 95y F  Chronic watery diarrhea Mild to moderate S. Paratyphi A
with prolonged fever, malnutrition
undehydration

RI 14 4m M Chronic watery diarrhea, Severe malnutrition  S. Paratyphi C
severely wasted

RI 24 7m F  Acute watery diarrhea, = Good nutritional S. Typhi
undehydration, status
complicated with
pericardium effusion

RI 41 9m F  Acute watery diarrthea, = Good nutritional S. Infantis

mild to moderate
dehydration

status

E, female; M, male; m, months; y, years.
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Fig 1-Electrophoresis profile of (A) multiplex and (B) uniplex PCR amplicons of Salmonella from fecal
samples of diarrheal children admitted to Surabaya, Indonesia. Multiplex PCR was carried
out using primer pairs P1-P5 and uniplex PCR with P3 primer pair (Table 1). RI, patient ID;
M, 100 bp size markers; NC, negative control.
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Fig 2-Multiple alignments between (A) sequence of sample RI 41 amplicon using P1 primer pair
and that of Salmonella Typhimurium M90846 invA, and between (B) sequence of sample RI 41
amplicon using P3 primer pair and that of S. Infantis CFSAN003307. PCR was carried out us-
ing primer pairs listed in Table 1. P3 forward and P3 reverse primer sequences are underlined.
» identical nucleotide from Clustal analysis.

(one isolate), S. Paratyphi C (one isolate), Clinical picture of Salmonella-infected diar-
S. Typhi (one isolate), and seven non- rheal patients

Salmonella isolates, namely, Citrobacter spp Among the four diarrheal patients
(four isolates), Klebsiella pneumoniae (two with Salmonella-positive fecal samples,
isolates) and Proteus sp (one isolate). two had chronic watery diarrhea together
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with malnutrition and the other two, with
good nutrition status, had acute watery
diarrhea (Table 2). The patient with NTS
Infantis presented a milder clinical picture
compared to the three patients.

DISCUSSION

Shimizu et al (2014) developed a fast
and technically simple mPCR method to
detect NTS serovars. In our hands, using
DNA from putative Salmonella colonies
grown on SS agar, mPCR (employing
five sets of primer pairs) only generated
amplicons arising from Salmonella-specific
primer pair. As only a single annealing
temperature (63°C) was used in mPCR
thermocycling, this indicated that this
protocol favored amplification of the
Salmonella-specific target InvA, which was
confirmed by direct sequencing. However,
sequencing of an amplicon generated by
a primer pair targeting NTS Infantis fliC-r
(Kardos et al, 2007) revealed the amplicon
to be that of S. Infantis ChaA gene (ana-
lyzed by BLAST). Thus, it is important to
confirm the identity of an amplicon by se-
quencing to obtain an unequivocal result.

Conventional biochemical and se-
rological tests proved to be more useful
in identifying the putative Salmonella
colonies grown on SS agar. Vantarakis et
al (2000) and Shimizu et al (2014) noted
the primer pair used for “specifically”
amplifying Salmonella invA (Chiu and
Ou, 1996) can cross hybridize with other
Enterobacteriaceae members.

Among the four diarrheal patients
with Salmonella detected in their feces,
the patient with NTS Infantis manifested
acute but mild acute and not the chronic
symptoms typical of typhoid infection.
The patient had a good nutritional status,
and condition improved with antibiotic
and supportive therapy (data not shown).
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S. Paratyphi A also produces a milder
infection but is frequently associated
with a lengthened fever clearance time
(Thompson, 2015). In infants <1 year of
age, breastfeeding is a significant protec-
tive factor against Salmonella infection
(Bassal et al, 2014).

In summary, among 80 fecal samples
from diarrheal children, 1 isolate of non-
typhoidal Salmonella Infantis was identi-
fied by PCR and sequencing of amplicons.
Typhoidal S. Paratyphi A, S. Paratyphi C
and S. Typhi (as well as other Enterobacte-
riaceae members) were also identified by
conventional biochemical and serological
tests. Although multiplex PCR is sug-
gested to aid in simultaneous identifica-
tion of several Salmonella serovars, with-
out judicious selection of the annealing
temperature, the technique might not be
as discriminatory as anticipated. Confir-
mation by conventional biochemical and
serological tests should be undertaken.
Mild clinical presentation was indicative
of non-typhoidal Salmonella infection.
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