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Enteric fever caused by Salmonella typhi, is an increasing health problem affecting the major
population in tropical and subtropical regions of the world. Development of multi drug resistance in S.
typhi strains has further increased the severity of the problem. In Pakistan and neighboring countries,
more than 80% S. typhi strains have been reported as multi drug resistant. A total of 4200 isolates
collected during four years study period starting from Jan. 2006 to Dec. 2009, were initially screened
using the first-line anti typhoid drugs. Out of them 408 were resistant to all the first-line antityphoid
drugs. It was confirmed by polymerase chain reaction that all these isolates contained fliC, sul, catP,
tem and gyrA genes. Only three of them (0.7%) had shown extended-spectrum B-lactamases production
by double disk synergy test. Infection control surveillance, better hygiene along with controlled use of
anti microbials would minimize the impact of extended-spectrum B-lactamases and their spread in
hospital and intensive care unit patients.
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INTRODUCTION

Multi—drug resistant (MDR) Salmonella typhi, causing
enteric fever continues to be a major public health
problem in tropics and subtropics of the world, affecting
both local population and travelers to the endemic area.
Frequent out breaks have been reported in South Asian
countries (Le et al.,, 2005; Mulvey et al., 2003). In
Pakistan, Iran, Nepal, Bangladesh and India more than
80% MDR S. typhi have been reported during the past
two decades (Mohanty et al., 2006; Menezes et al.,
2011). Treatment scenario has changed from first line
anti typhoid such as chloremphenicol (C), ampicillin
(AMP), and trimethoprim-sulphamethoxazol (SXT) to
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fluoroquinolones and cephalosporins (Parry, 2003; Zaki
and Karande, 2011). Extended spectrum B-lactamases
(ESBL) are enzymes that can hydrolyze oxyimino-beta
lactams causing resistance to third generation
cephalosporins, resulting in treatment failure and
association with higher morbidity and mortality among
immuno-compromised patients (Rasheed et al., 2000;
Bush, 2001). Nosocomial infection caused by ESBL
producing S. typhi has been reported from Latin America,
France, Senegal, Africa, Asia, and Europe (Winokur et
al., 2001; Weill, 2004a, b; Gniadkowski, 2001; Su et al.,
2005). The emergence of ESBL in MDR S. typhi,
constitutes a new challenge and has become a matter of
concern especially in under developed countries.

S. typhi has been found to produce a wide variety of
ESBL types including TEM, SHV, PER and CTXM
enzyme (Batchelor et al.,, 2005; Paterson, 2006;
Tzouvelekis et al., 2003). Phenotypic detection methods
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Table 1. Primer sequences used in this study for PCR amplification.

Primer Sequence (5’-3’) Gene Size (bp)
fiC F ACTGCTAAAACC ACTACT fliC 363
fiCR TGGAGACTTCGGTCGCGTAG

sul2 F TCAACATAACCTCGGACAGT sul2 707
sul2 R GATGAAGTCAGCTCCACCT

catP F CCTGCCACTCATCGCAGT catP 623
catP R CCACCGTTGATATATCCC

tem F GCACGAGTGGGTTACATCGA tem 311
tem R GGTCCTCCGATCGTTGTCAG

gyrA F TACCGTCATAGTTATCCACGA gyrA 313
gyrA R GTACTTTACGCCATGAACGT

perform poorly in bacterial isolates harbouring AmpC
gene (Robberts et al., 2009). AmpC B-lactamases are
included in class C and are not inhibited by clavulanic
acid or other B-lactamase inhibitors. Thus if an ESBL
confirmatory test using clavulanic acid is not performed,
many AmpC producing strains may be presumed to be
ESBL producing strains (Fred et al., 1999; Hague, 2011).
Detection of microorganisms with multiple B-lactamases
that may interfere with the phenotypic confirmatory tests
can only be accomplished by iso-electric focusing or DNA
sequencing methods that are usually not available in
clinical labs (Goussard and Courvalin, 1999; Pfaller et al.,
2001).

The primary objective of this study was to assess the
incidence of ESBL producing MDR S. typhi and their
antimicrobial sensitivity pattern in Pakistani population
using double disc synergy test (DDST) from blood
samples of the patients suffering from enteric fever who
visited out patients departments or were admitted in
Sheikh Zayed Hospital Lahore, Pakistan.

METHODS

This prospective and cross sectional study was conducted from
January 2006 to December 2009 at tertiary care, university
teaching Federal Post Graduate Sheikh Zayed Medical Complex
(referral hospital with 450 beds) in Lahore, Pakistan. S. typhi were
isolated from the blood of the patients admitted in the Hospital.
Blood sample from the patients were collected in blood culture
bottles and incubated at 37°C for 24 h. Sample from blood culture
bottle were inoculated on MacConkey and S.S agar. Plates were
then incubated at 37°C for 24 h. Identification of the micro-
organisms was carried out by using APl 20 E (Bio Meraux,
Hazelwood, Durham NC, USA), polyvalent “O”Anti sera (Bio-Rad
Laboratories CA, USA) and subsequently specific (fliC) gene was
isolated by polymerase chain reaction (PCR). Antimicrobial
susceptibility tests were performed by using standard disc diffusion
method following Clinical Laboratory Standards Institute (CLSI)
recommendations. The panel of antibiotics tested includes AMP, C,

SXT, ciprofloxacin (CIP), ofloxacin (OFX), cefotaxime (CTX),
ceftriaxone (CRO), ceftazidime (CAZ), imipenem (IPM), and
meropenem (MEM). Escherichia coli (ATCC 25922) was used as a
control. S. typhi isolates were labeled MDR when showing
resistance to all the first line antityphoid drugs.

Genomic DNA from MDR samples was extracted by standard
phenol/chloroform method (Sambrook et al, 1989) and
subsequently parts of the genes responsible for resistance to these
drugs were amplified by PCR using the primers given in Table 1.

All the MDR S. typhi isolates were screened for ESBL production
using CAZ and CTX indicator discs (Oxoid, Cambridge, UK). The
isolates showing the zones of inhibition (ZOI) < 22 mm and 27 mm
for CAZ and CTX respectively were further tested in combination
with amoxicillin/clavulanic (AMC). The isolates showing an increase
in ZOl by greater than or equal to 5 mm when evaluated in
combination with AMC were phenotypically considered as ESBL
producers.

DDST was performed by inoculating Mueller-Hinton (MH) agar
with test isolates to give a semi confluent growth. CAZ 30 pg and
AMC 20 pg discs were then placed strategically 25-30 mm apart
(centre to centre) following over night incubation aerobically at
37°C. ESBL production was inferred when the zone of inhibition
around the indicator disc was expanded by AMC.

RESULTS

During the four years study period from January 2006 to
December 2009, a total of 4200 S. typhi isolates were
collected from blood culture samples of typhoid patients.
The ratio of S. typhi ranged between 1372 (32.6%)
isolates during 2006, 1050 (25%) in 2007, 1018 (24.2%)
in 2008 and 760 (18.09%) during 2009. The results
indicated that the isolation of S. typhi was significantly
decreased to 18.09% in 2009 from 32.6% in 2006 (Table
2).

Out of total 4200 S. typhi specimen 408 (9.7%) were
resistant to all the first-line anti-typhoid drugs (C, AMP
and SXT), therefore were labeled as MDR S. typhi.
Isolation rate of MDR S. typhi reduced to 5% (38 isolates)
during 2009 from 13% (180 isolates) during 2006



Table 2. Isolation of S. typhi during the study period (n=4200).
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Year No. of isolates %age MDR positive %age ESBL Producer
2006 1372 32.6 180 13.1 1

2007 1050 25 110 10.4 1

2008 1018 24.2 80 7.8 1

2009 760 18.09 38 5 0

Total 4200 100 408 36.3 3(0.73%)

Table 3. Antimicrobial resistant pattern of S. typhi isolates during 2006-2009.

Drug Year 2006 (n = 1372) Year 2007 (n = 1050) Year 2008 (n = 1018) Year 2009 (n = 760)
n %age n Y%age n Y%age n %age
Chlorompjenicol 632 46.06 278 27.3 195 19.1 101 13.2
Ampicillin 962 70.1 685 49.9 236 23.1 161 21.1
Co-trimoxazole 878 63.9 602 43.8 248 24.3 183 24.0
Ciprofloxacin 220 16.1 380 36.1 498 48.9 410 53.9
Nalidixic acid 1236 90.08 742 70.6 1206 87.9 312 95.6
Ceftriaxone 196 14.2 160 15.2 162 15.9 118 13.5
Cefotaxime 248 18.0 171 16.2 132 12.9 108 14.2
Ceftazidime 226 16.4 158 15.0 145 14.2 90 11.8
Sparfloxacin 208 14.8 127 12.0 108 10.6 96 12.6
Gentacin 248 18.0 168 16.0 140 13.7 120 15.7
Imipenem 36 2.0 26 2.4 31 3.0 18 2.3
Meropenem 42 3.1 31 2.9 31 3.0 17 2.2

n = number of isolates.

(P< 0.001) as given in Table 2. Among the first line anti
typhoid drugs C showed decreasing resistance patterns
from 46.06% in 2006, 27.3% in 2007, 19.1% in 2008 and
13.2% in 2009. AMP also showed decreasing resistance
patterns from 70.1% in 2006, 49.9% in 2007, 23.1% in
2008, and 21.1% in 2009. Resistant patterns for SXT
were also decreased from 63.9% in 2006, 43.8% in 2007,
24.3% in 2008, and 24% in 2009. On the other hand CIP
showed year wise increased resistant patterns from
16.1% in 2006, 36.1% in 2007, 48.9% in 2008, and
53.9% in 2009 (Table 3).

ESBL production was suspected in isolates showing
reduced susceptibility to CRO, CAZ or CTX and was
tested for ESBL production using DDST. Only three
isolates, one in each year from 2006-2008 out of 408
(0.7%) were found to be ESBL producer. No incidence of
ESBL production was observed in 2009.

All the 408 MDR isolates were further examined for the
presence of fliC gene by PCR by using fliC F and fliC R
primers as priming strands and genomic DNA of MDR
isolates resulted in the amplification of 363 bp DNA
fragments indicating that all the isolates were S. typhi.
Three of the representative isolates are shown in (Figure
1A). We also performed PCR by using gyrA F and gyrA
R primers which resulted in the amplification of a DNA
fragment of 313 bp in all the isolates (Figure 1B).

When we performed PCR by using sul2 F and sul2 R
primers, a 707 bp DNA fragment was amplified in all the
cases reflecting the presence sul2 gene which was
responsible for resistance against SXT (Figure 1C). The
presence of tem gene, responsible for resistance against
AMP, was demonstrated by the amplification of 311 bp
DNA fragments (Figure 1D) by using tem F and tem R
primers. Presence of catP gene is one of the factors
responsible for resistance against C in S. typhi isolates.
When we performed PCR by using catP F and catP R
primers, a DNA fragment of 623 bp was amplified (Figure
1E) reflecting the presence of catP gene in all the 408
isolates.

DISCUSSION

MDR in S. typhi is a major therapeutic concern and now
ESBL emergence in these isolates has constituted a new
challenge for physicians treating typhoid fever in
developing countries where typhoid fever is endemic. In
the present study, decreasing isolation rate, both in S.
typhi and MDR S. typhi has been observed. Decreased
isolation of S. typhi is assumed to be due to over all
improvements in environmental, water and sanitary
conditions, public awareness and personal hygiene. It
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Figure 1. Ethidium bromide stained 1% agarose gel demonstrating the PCR amplification of fliC gene, for identification
of S. typhi, and various genes responsible for antimicrobial drug resistance.

can also be attributed to withdrawal of first-line anti-
typhoid drugs (C, AMP and SXT) for empirical therapy,
preventing risk factors for acquiring MDR which includes
isolation of patients, short hospital stay, continuous
surveillance, controlled and judicial antibiotic use in
hospital and ICU (Cassettari et al.,, 2009). Similar
decreasing pattern has been observed in studies
conducted in India, Nepal, Kuwait, and USA (Bradford,
2001; Pokharel et al., 2006; Rotimi et al., 2008).
Prevalence of MDR S. typhi varies from 0 to 61 % in
different parts of the world (Kariuki et al., 2010; Threlfall
et al.,, 2003). Our study demonstrated the presence of
0.7% ESBL producers among MDR S. typhi isolates
which is comparable to the studies conducted in Canada,
Poland, England, and France where 0-3% ESBL
production has been reported in MDR S. typhi (Batchelor
et al., 2005; Weill et al., 2004; Mohanty et al., 2006).
Since ESBL genes are usually located on mobile genetic
elements, the emergence of an ESBL S. typhi may be
attributed to exchange of mobile genetic elements.

Increased CIP resistance from 16.1 to 53.9% in MDR
S. typhi isolates (Table 3), observed in this study,
suggests that efficacy of CIP is unreliable against MDR
S. typhi isolates. This reflects the wide spread use or
misuse of CIP. Self prescription by patients and
incomplete courses of treatment are features contributing
to development of resistance to CIP in MDR S. typhi.
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