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ABSTRACT

Around fifty isolates of Salmonella enterica serovar Typhi were isolated from blood specimens of patients referring to several
hospitals in Kirkuk province, Iraq. The results revealed that all isolates developed resistance to trimethoprim-sulfamethoxazole
and chloramphenicol. However, neither sul2 nor fem genes were detected. Moreover, only ten isolates were positive for catP.
Our data suggested participation of other genes or mechanisms allow these multidrug isolates to resist the antibiotics in question.
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INTRODUCTION

Salmonella enterica serovar Typhi, the causative agent of
enteric fever, is considered as one of the highly resistant
pathogens.!? It has been reported that typhoid fever causes 26
million cases worldwide annually. Nevertheless, this infection
is endemic in a wide range of countries, and if not treated
correctly, the mortality rate may increase dramatically.l

In developing countries, this pathogen has been reported
as a major health problem.’ Treatment with appropriate
antimicrobial drugs faced some failure due to ongoing plasmid-
mediated resistance to some antibiotics, principally in southern
and southeast Asia.*

Multidrug resistance (MDR) in typhoid is used to designate
combined resistance to chloramphenicol, co-trimoxazole
(trimethoprim-sulfamethoxazole), and ampicillin. These
antibiotics are commonly known as first-line antimicrobials.1
The incidence of MDR to trimethoprim, amoxicillin,
streptomycin, chloramphenicol, tetracycline, and sulfonamides
in S. Typhi has been increasing and MDR strains were
responsible for plentiful epidemics in Asia.” MDR S. Typhi has
been reported from different parts of world such as Pakistan,®
India,’ Bangladesh,8 Canada.’ and Iraq.m’11

To the best of our knowledge, Limited data is available on
the prevalence of genes responsible for antibiotic resistance in
Kirkuk province, Iraq. Consequently, the current study aimed
to investigate the antimicrobial resistance at the genetic level
in local isolates of S. Typhi.

MATERIALS AND METHODS

Isolation and Identification

Fifty isolates of S. Typhi were isolated from blood specimens
obtained from patients visiting Kirkuk Hospitals, Iraq, using
conventional cultural, morphological, and Biochemical tests
depending on Harley ez al.'> Besides, VITEK 2 compact system
(bioM¢érieux, France) system was performed to confirm the
results of identification.

Antibiotic susceptibility

The susceptibility of the Fifty S. Typhi isolates towards
eight antibiotics (ciprofloxancin, imipenem, ceftriaxone,
azithromycin, ampicillin, chloramphenicol, trimethoprim-
sulfamethoxazole and tetracycline) were determined by means
of Kirby-Bauer technique."® An isolate was interpreted as
resistant, intermediate resistant, or susceptible following the
breakpoints of CLSL!" Escherichia coli (E. coli ATCC 25922)
was used as a quality control strain.

Amplification of, catP, sul2 and tem genes in multiplex
PCR

Multiplex PCR assay targeting catP, sult2, and tem, was
performed using primers listed in Table 1.

The reaction mixture contained 10 uL of master mix
(Eurofin, USA), 1 pL of 10 pmol of each primer, 2 puL of a
template. Amplification protocol was performed with T100
thermal cycler (Bio-rad, USA) as follows: 1 cycle of 94°C
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Table 1: Primers sequences used in study

Primer Primer sequences Targeted Amplicon size

name (5'-3) gene Antibiotic (bp) Reference
ASRCF ATGGAGAAAAAAATCACTGG catP Chloramphenicol 623 15
ASRCR AATTCATTAAGCATTCTGCCGAC

sulF GATGAAGTCAGCTCCACCT sul2 Trimethoprim- 707 16

sulR GCACGAGTGGGTTACATCGA sulfamethoxazole

AF GGTCCTCCGATCGTTGTCAG Tem Ampicillin 311 17

AR TACCCTCATACTTATCCACCA

for 4 minutes, 30 cycles each at 94°C (1.5 min), 45°C (1 min)
and 72°C (2 min) followed by 5 min at 72°C."> The PCR
amplicons were electrophoresed in 2% agarose gel at S5V/em
for 1 hour stained with ethidium bromide and observed under
UV transilluminator.

RESULTS AND DISCUSSION

It is well recognized that multidrug resistance is highly
associated with the severity of typhoid. This linkage has long
been ascribed to unsuitable initial treatment and accordingly
promotes the prognosis of the disease.®!”

All isolates were susceptible to ceftriaxone, imipenem,
and azithromycin. While a total of 43 isolates were
resistant to ampicillin, chloramphenicol, and trimethoprim-
sulfamethoxazole. Likewise, 31 isolates were resistant
to tetracycline. Upon that, catP, sult2, and tem related
with resistance to the chloramphenicol, trimethoprim-
sulfamethoxazole, and ampicillin, respectively, were assayed.

Although all isolates developed resistance to trimethoprim-
sulfamethoxazole and chloramphenicol, su/2 and fem were
not detected in all of them. While catP were detected in only
ten isolates (Figure 1). These results highly emphasize the
contribution of other genes or posttranslational mechanisms
enables these isolates to have resistance against antibiotics
under investigation.

Huovinen demonstrated that bacterial resistance to
TMP and sulfonamides is mediated by the following 5 main
mechanisms: (a) efflux pumps and/or the permeability barrier,
(b) natural insensitivity of target enzymes, (c) configurational
alteration in target enzymes, (d) mutational or recombinational
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Figure 1: Analysis of the genomic DNA of Salmonella enterica serovar
Typhi isolates shows a presence of catP (623 pb) separated on agarose gel
(0.8%) at 5 V/em for 1 hour, stained with ethidium bromide and visualized
on a UV transilluminator documentation system.Lane M, 100 bp DNA
ladder, Lane 1-14: DNA of different S. Typhi isolates. Lane C, Negative
control (had all PCR mixture including water instead of DNA template).

changes in the target enzymes, and (e) acquired resistance by
drug-resistant target enzymes.?’

In Salmonella, bla;,, confers the f-lactamase resistance.
Interestingly, none of the testes isolates carried this gene. Such
finding highly signifies the role of other genes or mechanisms
in resistance towards antibiotics under investigation.

In conclusion, the Iraqi S. Typhi are Multidrug-resistant
isolates owing to their resistance to various genes and
resistance mechanisms.

REFERENCES

1. Britto, C., Wond, V., Dougan, G., and Pollard, A. A systematic
review of antimicrobial resistance in Salmonella enterica
serovar Typhi, the etiological agent of typhoid. PLoS Negl Trop
Dis 12(10): e0006779.

2. Parry CM, Hein TT, Dougan G, White NJ, Farrar JJ. (2002).
Typhoid Fever. N Eng J Med; 347(22):1770-82.

3. Crump JA, Mintz ED. (2010). Global trends in typhoid and
paratyphoid fever. Clin Infect Dis.50:241-6

4. Wain J, Kidgell C. (2004). The emergence of multidrug
resistance to antimicrobial agents for the treatment of typhoid
fever. Trans R Soc Trop Med Hyg. 98: 423-30.

5. Ploy M, Chainier D, Thi N, Poilane I, Cruaud P, Denis F,
Collignon A, and Lambert T. (2003). Integron-Associated
Antibiotic Resistance in Salmonella enterica Serovar Typhi
from Asia. Antimicrob Agents Chemother. 47(4): 1427-1429.

6. Thong K, Bhutta Z, and Pang T.(2000). Multidrug-
resistant strains of Salmonella entericaserotype Typhi
are genetically homogenous and coexist with antibiotic-
sensitive strains as distinct, independent clones. Int JInfDis
4 (4): 194-197,

7. Sen B, Dutta S, Sur D, Manna B, Deb A, Bhattacharya
S&Niyogi S. (2007). Phage typing, biotyping& antimicrobial
resistance profile of Salmonella entericaserotype Typhi from
Kolkata. Indian ] Med Res. 125 (5): 685-688.

8. Alam A, Zaman S, Chaiti F, Sheikh N, Kundu G. (2010). A
Reappraisal of Clinical Characteristics of Typhoid Fever. Ban
J Child Health; 34 (3): 80-85.

9. ComeaulJ, Tran T, Moore D, Phi C, Quach C. (2013). Salmonella
entericaserotype Typhi infections in a Canadian pediatric
hospital: a retrospective case series. CMAJ Open.DOI:10.9778/
cmajo.20120012

10. Faik A,Salih W,Latif K.(2012). Conventional and Molecular
Typing of Salmonella entericaserotype Typhi Locally Isolated
in Baghdad. J. Baghdad for Sci. 9(4): 632-6309.

11. Salih S. (2012). The Antimicrobial Activity of Ethanol Extract
of Thymus vulgaris on Salmonella typhiin Rabbets. British J
PharmacolToxicol. 3(4): 147-150.

21

1JPQA, Volume 10 Issue 3 July 2019 — September 2019

Page 179



Genetic Assessment of Antibiotic Resistance in Salmonella Enteric a Serovar Typhi in Kirkuk Province

12.

13.

14.

15.

16.

17.

Harley, J.P. (2016). Laboratory Exercises in Microbiology. 10th
ed. McGraw-Hill Higher Education. New York.

Bauer A, Kirby W,Scherris J, and Torch M. (1966). Antibiotic
susceptibility testing by standardized single methods. AM.
J.eli. Path. 45:493-496.

Clinical and Laboratory Standards Institute (CLSI). 2016.
Performance Standards for Antimicrobial Susceptibility
Testing; Twenty-second Informational Supplement. CLSI
document M100-S22. CLSI, Wayne, PA.

Haque A. (2005). Molecular detection of Salmonella
typhistrains and their drug resistance pattern. Ph. D. thesis,
Quaid-i-Azam University, Islamabad, Pakistan.

Chu C, Chiu C, Wu W, Chu C, Liu P, and OuJ. (2001). Large drug
resistance virulence plasmids of clinical isolates of Salmonella
entericaserovarCholeraesuis. Antimicrob. Agents. Chemother.
45(8): 2299-303.

Carlson S, Bolton L, Briggs C, Hurd H, Sharma V, Fedorka-Cray
P. and Jones B. (1999). Detection of multiresistant Salmonella

18.

19.

20.

21.

typhimurium DT104 using multiplex and fluorogenic PCR. Mol.
Cell. Probes. 13:213-222.

Molbak K. (1999). An outbreak of multidrug resistant,
quinolone resistant Salmonella entericaserotype typhimurium
DT104 infection in the United States. New Eng. J. Med. 341:
1420-25.

Brunelle B, Bearson S, and Bearson B. (2013). Tetracycline
accelerates the temporally-regulated invasion response
in specific isolates of multidrug-resistant Salmonella
entericaserovar Typhimurium BMC Microbiol. 13:202.
Huovinen P. (2001). Resistance to Trimethoprim-
Sulfamethoxazole. ClinInf Dis. 32:1608-1614.

Randall L, Cooles S, Osborn M, Piddock L and Woodward
M. (2004). Antibiotic resistance genes, integrons and multiple
antibiotic resistance in thirty-five serotypes of Salmonella
enterica isolated from humans and animals in the UK. J
Antimicrob Chemother 53: 208-216.

1IJPQA, Volume 10 Issue 3 July 2019 — September 2019

Page 180



