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Background & objectives: Outbreaks of infection due to Salmonella enterica servovar Typhi (S. Typhi) are
a great threat to public health. A rapid molecular typing method to characterize strains implicated in an
outbreak is critical in implementing appropriate control measures. This study was done to demonstrate
the power of a PCR-based method to provide rapid insights into the genetic relatedness amongst the
Salmonella isolates implicated in a suspected typhoid fever outbreak.
Methods: Forty two S. Typhi isolates originating from three geographically distinct areas, with one
area suspected to have a single-source outbreak were included in the study. The genetic fingerprint of
all isolates was generated using enterobacterial repetitive intergenic consensus sequence based-PCR
(ERIC-PCR). The antimicrobial susceptibility profiles were also evaluated.
Results: ERIC-PCR was found to be rapid and reproducible with a discriminatory index of 0.766.
The dendrogram constructed based on ERIC-PCR fingerprinting revealed the existence of 12 distinct
genotypes. The location suspected to have an outbreak displayed two genotypes amongst the 24 isolates.
The other two locations (18 isolates) displayed genetic heterogeneity. The clonality of the outbreak isolates
from the time-matched control isolates was established. The observed antimicrobial susceptibility profiles
did not have any discriminatory power to subtype the isolates compared to the genetic fingerprints.
Interpretation & conclusions: Our study demonstrated the discriminatory power and value of
ERIC-PCR in the typing of S. Typhi isolates and providing valuable epidemiological insights.
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Salmonella enterica serovar Typhi (S. Typhi) is
the leading cause of community-acquired bloodstream
infection resulting in prolonged fever and in some

cases leading to an asymptomatic carrier state1.
Typhoid fever is widely prevalent in many regions of
the world with poor sanitation. The scenario is one of
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either endemicity due to multiple sources of infection
or occasionally a single source outbreak2.
In a community outbreak of typhoid fever, early
detection of the source of infection and rapid typing
of isolates is critical for the prevention of further
transmission3. Pulse-field gel electrophoresis (PFGE)
has been used as the molecular typing technique to
study clonality amongst isolates4. This technique is
expensive, laborious and has limited interlaboratory
reproducibility5. Several rapid, PCR-based typing
methods to delineate genetic relatedness of bacterial
strains have been reported6.
One such technique, based on the enterobacterial
repetitive intergenic consensus (ERIC) relies on the
PCR-based amplification of short target sequences that
are highly conserved. The variability in the position
of repeat elements between the genomes of bacteria
has been exploited as a genetic marker to characterize
isolates within a bacterial species7. An earlier study
established ERIC-PCR to be the most reliable method
for differentiation of Salmonella serovars based on a
comparison of four molecular techniques8. In addition,
molecular genotyping using ERIC-PCR is faster and
cheaper than PFGE for establishing genetic relatedness
amongst Salmonella serovars9,10. Therefore, repetitive
DNA elements remain as a valid analytical tool for
epidemiological investigation of infection outbreaks
in countries with limited public health resources. This
study was undertaken to demonstrate the resolution
of ERIC-PCR-based method to rapidly determine the
genetic relatedness of S. Typhi isolates implicated in a
typhoid outbreak from a single neighbourhood within
a defined period of time.
Material & Methods
This study was carried out in the Infection Control
Laboratory at Narayana Health City, Bengaluru,
India. S. Typhi isolates (24 isolates) were collected
consecutively from blood cultures from patients who
presented to Narayana Health, City Bengaluru, over a
period of four months (December 2015-March 2016)
during the outbreak, as opposed to a low number of
isolates (<5) usually seen over a quarter of a year. A
retrospective analysis in terms of their age, sex and
geographical location was carried out to evaluate
the epidemiological context of all 24 patients who
were diagnosed with typhoid fever. As matching
controls, 18 isolates (time-matched) that were
randomly collected from two different geographical
locations (Bommasandra and Ulsoor in Bengaluru)

were evaluated. Most of the patients presented with
continuous fever and abdominal pain with or without
diarrhoea. The study was approved by the Institutional
Ethics Committee, and all participants gave written
informed consent.
All the isolates were identified from blood culture
(20 ml blood collected during the febrile phase) using
BD Phoenix Automated system (B D Diagnostic
Systems, Sparks, MD, USA) following the
manufacturer’s guidelines.
Antimicrobial susceptibility profiles: Antimicrobial
susceptibility profiles of the clinical isolates were
determined using the Phoenix™ (B D Diagnostic
Systems) as recommended by the manufacturer.
The minimal inhibitory concentration (MIC) values
obtained by the above-mentioned methods were
categorized according to Clinical and Laboratory
Standards Institute breakpoints, as susceptible
(S), intermediate (I) or resistant (R) to various
drugs11. The following antibiotics were tested
ampicillin, amoxicillin/clavulanic acid, ceftriaxone,
chloramphenicol, ciprofloxacin and co-trimoxazole.
Molecular fingerprinting using enterobacterial
repetitive intergenic consensus-polymerase chain
reaction (ERIC-PCR): A single colony from a pure
culture of each isolate was resuspended in sterile water
and boiled for 10 min12. One microlitre of the boiled
extract was used in a 25 µl PCR mixture to amplify the
target genes using specific primers as described. The
PCR amplification was performed by adding a mixture
of 18 µl of sterile distilled water, 2.5 µl of 10X PCR
buffer, 1 µl of 10 mM dNTPs, 1 µl of each primer,
ERIC 1R: 5′-ATG TAA GCT CCT GGG GAT TCA-3′
and ERIC 2: 5′-AAG TAA GTG ACT GGG GTG AGC
G-3′, 0.5 µl of Taq polymerase and 1 µl of the template
DNA to the reaction mixture7. The cycling parameters
were as follows: initial denaturation for three minutes
at 94°C and thirty cycles of one minute at 94°C, three
minutes at 55°C and two minutes at 72°C followed by
a final amplification of 10 min at 72°C.
The amplified products were separated by
electrophoresis on 1.5 per cent agarose gel and
photographed under an ultraviolet transilluminator.
A 100 kb DNA ladder was used as the molecular size
marker.
Molecular fingerprint analysis: Isolates were
categorized according to their PCR banding pattern,
as identical, similar or unrelated. A similarity index
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Fig. 1. A representative 1.5 per cent agarose gel stained with ethidium bromide showing the amplification pattern obtained for Salmonella
Typhi isolates using enterobacterial repetitive intergenic consensus-polymerase chain reaction (ERIC-PCR). Lanes 1-10, 100 bp ladder, S3,
S4, S5, S8, S26, S27, S30, S10, S14.

was calculated using the Dice coefficient, and cluster
analysis of the matrices was generated using the
unweighted pair group method using arithmetic
averages (UPGMA). Dendrograms of isolates were
generated with the tree option using the PAST
programme13. The discriminatory (D) index was
calculated according to the method of Hunter and
Gaston14. The index of discrimination represents the
probability that two randomly chosen isolates, sampled
consecutively, would be distinguished by the test and
range from D=0 to D=1.
Results
A total of 42 patients, (19 female and 23 male) were
included in the study. The mean age of the patients was
32±15 yr, ranging from 7 to 61 yr. Retrospective analysis
revealed that 24 of these patients were all residents of
the same locality (HSR layout in Bengaluru).
All isolates recovered from patients at three
hospitals in geographically different locations within
Bengaluru city were typed using ERIC-PCR. Being
a community outbreak, we were unable to obtain the
food or water consumed by the patients during the
epicentre of this outbreak.
Molecular fingerprinting using ERIC-PCR: All 42
S. Typhi isolates were fingerprinted using ERIC-PCR
to assess an epidemiological link amongst the isolates.
Using specific primers for ERIC-PCR, five to eight
bands were detected ranging from sizes 0.2 to 2 kb.
Four bands at approximately 188, 252, 489 and 522 bp

were more frequently observed in 68 per cent (29/42) of
the isolates (Fig. 1). With a diversity index of 0.766 and
polymorphic loci generated by this marker, 12 distinct
genotypes (I-XII) were identified (≥90% similarity
level). The most prevalent ERIC-PCR types were Type
VII found in 45 per cent (19/42) of the isolates and
Type VIII found in 17 per cent (7/42) of the isolates.
The remaining genotypes contained 1-3 isolates each
(Table).
The dendrogram showed that distinct fingerprint
types were observed for isolates from different
geographical regions. Fig. 2 shows all isolates from
neighbourhood 1 to display three distinct profiles, with
one isolate (S8) quite distinct from the predominant
profile from that location (ERIC-PCR Type VII
and VIII). Of the 18 time-matched control isolates
(S25-S42), 11 distinct ERIC-PCR fingerprints were
observed. All isolates from neighbourhood 3 (S34-S42),
displayed unique ERIC-PCR profiles, with the exception
of isolates S36 and S37. Isolates from neighbourhood 2
(S25-S33) showed lesser variability and revealed three
distinct ERIC-PCR profiles. In contrast to the above
finding, geographically distant isolates occasionally
shared the same ERIC-PCR profile. This was seen in
isolates S25, S26, S28 (Type I), S8 and S30 (Type X).
Overall, cluster analysis revealed greatest variability
in isolates from neighbourhood 3 and least variability
amongst isolates from neighbourhood 1.
Antimicrobial susceptibility profile: To evaluate if
there was an association between the antimicrobial
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Table. Antimicrobial resistance and enterobacterial repetitive intergenic consensus‑polymerase chain reaction (ERIC‑PCR) profiles of
42 Salmonella Typhi isolates
Isolate

Source

Date of isolation

Antimicrobial profile

Resistance profile

ERIC genotype

S1

Neighbourhood 1

8th December 2015

R to ciprofloxacin

1

VII

S2

Neighbourhood 1

14 December 2015

R to ciprofloxacin

1

VIII

S3

Neighbourhood 1

15th December 2015

S to all drugs tested

2

VII

S4

Neighbourhood 1

21 December 2015

S to all drugs tested

2

VII

S5

Neighbourhood 1

22nd December 2015

S to all drugs tested

2

VII

S6

Neighbourhood 1

22 December 2015

S to all drugs tested

2

VII

S7

Neighbourhood 1

22 December 2015

S to all drugs tested

2

VII

S8

Neighbourhood 1

24th December 2015

S to all drugs tested

2

X

S9

Neighbourhood 1

30 December 2015

R to ciprofloxacin

1

VII

S10

Neighbourhood 1

4th January 2016

R to ciprofloxacin

1

VII

S11

Neighbourhood 1

4 January 2016

R to ciprofloxacin

1

VII

S12

Neighbourhood 1

5th January 2016

R to ciprofloxacin

1

VIII

S13

Neighbourhood 1

6th January 2016

S to all drugs tested

2

VIII

S14

Neighbourhood 1

7 January 2016

S to all drugs tested

2

VII

S15

Neighbourhood 1

19th January 2016

R to ciprofloxacin, ceftriaxone

3

VIII

S16

Neighbourhood 1

20th January 2016

R to ciprofloxacin

1

VII

S17

Neighbourhood 1

21st January 2016

S to all drugs tested

2

VII

S18

Neighbourhood 1

27 January 2016

R to ciprofloxacin, ceftriaxone

3

VIII

S19

Neighbourhood 1

29th January 2016

R to ciprofloxacin

1

VIII

S20

Neighbourhood 1

2 February 2016

R to ciprofloxacin

1

VII

S21

Neighbourhood 1

1st March 2015

R to ciprofloxacin

1

VII

S22

Neighbourhood 1

8 March 2016

R to ciprofloxacin

1

VIII

S23

Neighbourhood 1

15 March 2016

R to ciprofloxacin

1

VII

S24

Neighbourhood 1

16th March 2016

R to ciprofloxacin

1

VII

S25

Neighbourhood 2

1 December 2015

S to all drugs tested

2

VII

S26

Neighbourhood 2

17th December 2015

S to all drugs tested

2

VII

S27

Neighbourhood 2

18 December 2015

R to ciprofloxacin

1

XII

S28

Neighbourhood 2

27th December 2015

S to all drugs tested

2

VII

S29

Neighbourhood 2

30 December 2015

R to ciprofloxacin

1

XII

S30

Neighbourhood 2

31st December 2015

S to all drugs tested

2

X

S31

Neighbourhood 2

2 January 2015

R to ciprofloxacin

1

XII

S32

Neighbourhood 2

24 February 2015

R to ciprofloxacin

1

XII

S33

Neighbourhood 2

3rd October 2016

S to all drugs tested

2

XI

S34

Neighbourhood 3

6 February 2016

S to all drugs tested

2

I

S35

Neighbourhood 3

8th February 2016

S to all drugs tested

2

III

S36

Neighbourhood 3

9th February 2016

S to all drugs tested

2

VI

S37

Neighbourhood 3

18th February 2016

S to all drugs tested

2

VI

S38

Neighbourhood 3

21 February 2016

S to all drugs tested

2

III

S39

Neighbourhood 3

24 February 2016

S to all drugs tested

2

IX

S40

Neighbourhood 3

24th February 2016

S to all drugs tested

2

IV

th

st

nd
nd

th

th

th

th

nd

th

th

st

th

th

nd

th

th

st

th

Contd...
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Isolate

Source

Date of isolation

Antimicrobial profile

Resistance profile

ERIC genotype

S41

Neighbourhood 3

24 February 2016

S to all drugs tested

2

II

S42

Neighbourhood 3

25 February 2016

S to all drugs tested

2

V

th
th

Resistance profile is indicated for each isolate. Isolates with identical profiles share the same number;
Roman numerals correspond to genotypes identified for each marker
R, resistance; S, sensitivity to a drug

susceptibility pattern and ERIC-PCR profile, the MICs
of all 42 S. Typhi isolates were determined. Based
on the susceptibility profile to six antimicrobials, the
42 isolates were found to group into three distinct
profiles. More than half of the isolates (23/42) were
susceptible to all of the drugs tested. Of the 45 percent
of isolates (19/42) that were resistant to ciprofloxacin,
12 percent (5/42) displayed resistance to ceftriaxone
also (Table).
Despite sharing a similar antibiogram, a few
outbreak isolates were genetically distinct from the
control isolates (Table). This observation was also
noted in isolates within a neighbourhood (N3). In
some instances, the outbreak isolates that shared
the same ERIC-PCR profile, differed in sensitivity
to ciprofloxacin. Overall, there was no association
between the genotype and susceptibility profile for the
isolates investigated in this study.
Discussion

Fig. 2. Unweighted pair group method using arithmetic averages
dendrograms at 90 per cent similarity level of the studied Salmonella
serotype Typhi isolates derived from amplification patterns using
enterobacterial repetitive intergenic consensus-polymerase chain
reaction (ERIC-PCR). S and N numbers indicate isolate and
neighbourhood numbers, respectively.

Salmonella serovars are known to cause
salmonellosis through the consumption of contaminated
food such as raw meat, milk and poultry products2. A
rapid molecular fingerprinting method is required in
an epidemiological surveillance during an outbreak.
The present work evaluated the discriminatory power
of ERIC-PCR genetic relatedness between S. Typhi
isolates from a suspected outbreak. PFGE analysis of
S. Typhi isolates from various typhoid endemic regions
have shown the outbreak isolates to be homogenous
and clonal in nature, whereas sporadic isolates to
display a high degree of diversity15. Similar observation
was made in the present study, wherein the outbreak
isolates (neighbourhood 1) displayed very little genetic
heterogeneity in comparison to isolates from the other
two neighbourhoods (neighbourhood 2 and 3) where
S. Typhi infections are known to be endemic. Within
the outbreak isolates, there were two major clones,
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suggesting the likelihood of two concurrent infections
caused by genetically distinct strains within the same
neighbourhood. This result highlights the resolution
power of ERIC-PCR method and demonstrates the
value in identifying the type of strain involved in an
outbreak where most of the patients have a similar
clinical presentation. In addition, this method also
had the power to differentiate endemic from outbreak
isolates. The observed discriminatory potential (0.766)
of ERIC-PCR in this study was in concordance with the
report of Kumao et al16, who showed the intraserotype
discriminatory power of this technique. In another
report, an analysis of S. Typhi strains from patients
estimated a discriminatory index value of 0.993,
reiterating the potential of ERIC-PCR17. In agreement
with a previous report, we found low molecular weight
bands in random amplified polymorphic DNA analysis
to be irreproducible and faint, thereby introducing a
high degree of subjectivity (data not shown)17.
There were three categories of sensitivity patterns
observed in the isolates. Isolates from the same outbreak
did not share an identical antimicrobial profile possibly
due to antimicrobial usage and patient compliance.
The observed difference in resistance to antimicrobials
within the isolates from different neighbourhood
reflects likely variances in therapeutic measures, in
the type of drugs and the frequency of their use. The
susceptibility patterns herein reported show similarities
relative to those reported for the serotype Typhi in other
countries4,18,19. Consistent with earlier published reports,
low level of resistance to ampicillin, chloramphenicol
and co-trimoxazole was observed in all isolates4,20. In
agreement with previous findings, low-level resistance
(5%) to the third-generation cephalosporin, ceftriaxone,
was also observed in the present study21-23. It is well
documented that drug resistance in S. Typhi arises due
to either a chromosomal mutation or the acquisition of
a plasmid or transposon24. However, in non-typhoidal
Salmonella species, increased ceftriaxone resistance
is linked to the expression of plasmid-mediated ampC
or ESBL genes blaCTX-M and blaCMY-225,26. Given that
fluoroquinolones remain an important therapeutic
option for typhoid fever, it was worrisome to note that
45 per cent of the isolates were resistant to ciprofloxacin.
Our results were in concordance with an earlier
report on an increase in quinolone resistance amongst
strains in India27. The emergence of drug-resistant
S. Typhi isolates emphasizes the necessity to implement
stringent sanitation practices to prevent community
level outbreaks.

Antimicrobial profiles alone were found to be
of limited value in differentiating closely related
strains. However, ERIC-PCR was able to differentiate
amongst isolates that were indistinguishable based on
their drug susceptibility profile. No relation between
the antimicrobial susceptibility pattern and ERIC
profile was observed for most isolates. We observed a
lack of association between the antimicrobial profile
and the molecular fingerprint. For instance, isolates
sharing ERIC-PCR profile VII have isolates that are
susceptible as well as resistant to ciprofloxacin. It is
difficult to explain why a particular cluster has isolates
that display different antibiogram profiles. Lack of
association between the genotype and the antimicrobial
susceptibility profile has already been documented for
S. enterica serotypes9,28,29. This interpretation can be
explained by the fact that repetitive genetic elements are
widely dispersed throughout the bacterial chromosome,
whereas the genetic resistance determinants are usually
clustered in defined genetic regions on the bacterial
chromosome or mediated through extrachromosomal
mechanisms involving plasmids or transposons.
In addition, detection of isolates with different
antibiotic resistance profile within a cluster suggests
the likelihood of ongoing selection pressure amongst
the strains belonging to a clone, making them either
sensitive or resistant to a given drug. The existence
of some isolates that did not cluster with any of the
major clones suggest the existence and dissemination
of several different haplotypes of serotype Typhi
within the community resulting in independent
transmission events15,30. The selective pressure induced
by the use of antimicrobials act as a driving force to
trigger the emergence of resistance. In most instances,
these mechanisms are genetically encoded and can
be readily transmitted horizontally across bacterial
species24. Given the global emergence of drug-resistant
strains of Salmonella, it is imperative to restrict the
usage of extended-spectrum cephalosporins and rely
on continuous surveillance for resistant strains in the
environment.
The present study also documents the limitation
of not collecting environmental samples during an
outbreak, a limitation that hinders the design to infection
prevention plans in a timely manner. This would also
have provided key information into identifying the
source of the outbreak.
In conclusion, our results suggested that two
genetically related clones of S. Typhi were responsible
for an outbreak in a neighbourhood within a short

PURIGHALLA et al: MOLECULAR INVESTIGATION OF A SALMONELLA TYPHI OUTBREAK

span of time. This further reinforces the power of
molecular genetic markers to effectively discriminate
isolates associated with outbreaks. As demonstrated in
the present study, ERIC-PCR can be used for routine
molecular typing of S. Typhi to provide information for
designing and implementing effective prevention and
control programmes.
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