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Abstract

Objectives: The current study was aimed to investigate
the antimicrobial susceptibility of ceftolozane/tazobactam
(5th generation cephalosporin) against S. typhi.

Design: Preclinical experimental study.

Place and Duration of Study: The study was conducted at
Baqai Medical University Karachi from April 2019 to July
2019.

Patients and Methods: Total of 625 blood samples were
collected from indoor and out-door patients using non-
probability sampling technique. The included samples
were cultured in specific media and culture and sensitivity
of antibiotics were analyzed through Kirby-Bauer disc
diffusion technique on Mueller Hinton agar (Oxoid,
England).

Results: 200 samples were identified as positive S. typhi.
Out of them 125 were recruited as MDR S. typhi. Analysis
of demographic data showed 52% (n=66) female and 47%
(n=59) male patients. The highest sensitivity was recorded
against ceftolozane/tazobactam 94% and the highest
resistance was recorded against chloramphenicol 92%,
followed by ciprofloxacin 87% and ofloxacin 84%.

Conclusion: Ceftolozane/Tazobactam could be an
alternative choice in the treatment of MDR S. typhi
infections.

Keywords: S. typhi; Resistant strains; Ceftolozane/
Tazobactam

Introduction
Typhoid fever is a major risk to health in underdeveloped

countries due to poor sanitation and lack of surveillance
programs [1,2]. A systemic review in 2010 reported that the
worldwide incidence of enteric fever is nearly 12 million cases
and reported mortality is 130,000 annually. The incidence rate
in South East Asian countries exceeded 100 cases per 1,00,000
people/year and particularly in Pakistan that is 413 cases/
1,00,000 persons in one year [3,4]. If the patients with typhoid
fever are not diagnosed earlier and treated promptly they may
develop severe complications that may lead them to mortality.
Treatment with antibiotics may be life-saving but in the last
few decades, the resistance against first and second-line
antibiotics is highly increasing which is a growing public health
concern nowadays [4].

For the treatment of typhoid fever preferably
chloramphenicol was prescribed but in 1970 to early 1980
plasmid-mediated Multidrug Resistance (MDR) was observed
against chloramphenicol, ampicillin and co-trimoxazole [5,6].
After the emergence of resistance, second-line
Fluoroquinolone (ciprofloxacin and ofloxacin) has become the
preferred drug for the treatment of MDR S. typhi.
Fluoroquinolones are supposed to be superior to
cephalosporin, but decreased susceptibility against
ciprofloxacin has limited their effectiveness [7,8]. In
developing countries third-generation cephalosporin
(ceftriaxone) and macrolide (azithromycin) were also
recommended for the treatment invasive pathogen but due to
irrational and prejudice prescription of antibiotics increased
the resistant particularly in Pakistan, India, Bangladesh, Middle
East and Africa [9-12].

Experts believe that Pakistan's dreadful sewerage systems
coupled with low vaccination rates in endemic areas and

Research Article

iMedPub Journals
www.imedpub.com

European Journal of Experimental Biology

ISSN 2248-9215
Vol.9 No.4:14

2019

© Copyright iMedPub | This article is available from: http://www.imedpub.com/european-journal-of-experimental-biology/ 1

Vol.9 No.5:18

http://www.imedpub.com/
http://www.imedpub.com/european-journal-of-experimental-biology/


overpopulated cities are the root causes of the spread of MDR
S. typhi.

Persistent occurrence of antibiotic resistance has steered to
treatment failure and became a nightmare for the physicians
to treat S. typhi, so there is a need to explore a new antibiotic
or some other alternative which may show more sensitivity
among commonly used antibiotics. The current study was
aimed to investigate the antimicrobial susceptibility of
ceftolozane/tazobactam (5th generation cephalosporin) against
S. typhi.

Methods
It was a preclinical experimental study conducted at Baqai

Medical University Karachi from April 2019 to July 2019. Blood
samples were collected from indoor and outdoor patients
using a non-probability sampling technique. Total of 625
suspected cases of either sex was selected for the study. After
taking informed consent from patients detailed history was
recorded on a proforma. The blood samples were collected
and sent to the Microbiology lab on the same day for culture
and sensitivity. Samples with positive S. typhi culture were
included while those with negative reports were excluded
from the study. A blood sample was inoculated into 30 ml
Brain-Heart Infusion (BHI) broth (Oxoid, England) and was
incubated for 5-7 days at 35 ± 2°C. After the growth of
organism culture specimens were sub-cultured on blood agar
and MacConkey agar plates (Oxoid, England). Colonies with
positive biochemical reactions of Salmonellae were confirmed
serologically by type-specific antisera (Bio-Rad).

Table 1: Antibiotic disc size on the Kirby-Bauer disc diffusion
method.

Antibiotic Zone of inhibition on
Kirby-Bauer disc diffusion test

Ampicillin 10 μg

Azithromycin 15 μg

Ceftriaxone 30 μg

Chloramphenicol 30 μg

Ciprofloxacin 5 μg

Imipenem 10 μg

Meropenem 10 μg

Ofloxacin 5 μg

Ceftolozane/tazobactam 30/10 μg

Ceftazidime 10 μg

In the current study, the Kirby-Bauer disc diffusion
technique on Mueller Hinton agar (Oxoid, England) was used
to identify the patterns of antimicrobial sensitivity. Aerobic
incubation of agar plates was performed at 35 ± 2°C, for 24
hours. The antimicrobial discs utilized in this study are shown
in Table 1.

Statistical analysis
Data was scrutinized by using SPSS version 21. Numerical

variables were mentioned as Mean with standard deviation.
Frequencies and percentages were calculated for categorical
variables. Chi-square test was applied to analyze the
association between sensitivity and resistance of drugs. p-
value <0.05% was considered as statistically significant.

Results
Out of 625 blood samples, 200 samples showed positive

growth for Salmonella however 125 samples were MDR S.
typhi. Analysis of demographic data showed 52% (n=66)
female and 47% (n=59) male patients. Gender distribution and
frequency of MDR S. typhi in different age groups are
expressed in Table 2.

Table 2: Gender distribution and frequency of MDR S. typhi in
different age groups.

Age MDR S. typhi S. typhi p-value

1 month-20 years 45 (36%) 98 (49%)  

21-40 years 36 (28.8%) 56 (28)  

41-60 years 25 (20%) 26 (13) 0.029

61-80 years 16 (12.8%) 15 (7.5)  

80 years and above 3 (2.5%) 5 (2.5%)  

Gender distribution MDR S. typhi S. typhi  

Females 66 (52.8%) 112 (56%)  

Male 59 (47.2%) 88 (44%) 0.035

Total N 125 N 200  

Antibiogram showed the resistance pattern of MDR S. typhi
against empirical and conventionally used antibiotics. The
highest sensitivity was recorded against ceftolozane/
tazobactam 94% and highest resistance was recorded against
chloramphenicol 92%, followed by ciprofloxacin 87% and
ofloxacin 84%. The antimicrobial sensitivity patterns of other
antibiotics are shown in Figure 1.

Figure 1: Antibiotic susceptibility pattern of MDR S. typhi.
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Discussion
After the occurrence of resistance by S. typhi against

chloramphenicol, resistance to new antimicrobial treatment
has emerged persistently which has become a global problem.
The decreased sensitivity to ampicillin, fluoroquinolones and
chloramphenicol has become a major concern in recent years.
Extensive use of antibiotics has now headed to decreased
susceptibility of organisms across the globe especially among
the Asian population. In our study the prevalence of MDR S.
typhi was 64.9%; that is parallel to the studies conducted in
different regions of Pakistan, India and Nigeria [13-15]. While
Mohammad Ishaq et al. [16], has reported 30% prevalence of
MDR S. typhi in a tertiary care hospital of Karachi. The high
prevalence of MDR S. typhi in our setup is may be due to
inadequate infrastructure of sewerage and environmental
sanitation, unhealthy foods are a major cause of the problem.

Due to an increase in resistance against conventional
antibiotics (i.e. chloramphenicol, ampicillin and ceftazidime),
fluoroquinolones are prescribed frequently which has resulted
in decreased fluoroquinolones susceptibility. In our study, the
resistance against Fluoroquinolones (Ciprofloxacin and
ofloxacin) is found to be 84% and 87% respectively which
coincides with the results of further studies that have reported
high resistance from the different regions of Pakistan which is
a quite alarming situation for the clinicians [17-20]. The
resistance against conventional drug chloramphenicol is 92%
in our setup while similar results are mentioned in studies
from Islamabad and Multan [17,21]. Overuse of third-
generation cephalosporin could result in overproduction of
ESBL (Extended Spectrum Beta-Lactamase Enzyme) [22],
however, the increased emergence of resistance against third-
generation cephalosporin is observed in our study.
Consequently, ceftriaxone resistant S. typhi cases are reported
in different parts of the world [22,23]. Due to poor clinical
response, azithromycin is not ideal to be used as a single drug
in severe typhoid fever. In our study Azithromycin is 65%
resistant, less sensitivity was also demonstrated by other
studies [24,25].

Ceftolozane/tazobactam demonstrated enhanced activity
against MDR S. typhi as compared to other β-lactams with
limited cross-resistance. Data collected in 2018, by Elaine Chan
et al. [26], reported superior activity of ceftolozane/
tazobactam toward MDR Salmonella. In the near future, this
novel drug may be prescribed as an excellent choice in the
treatment of MDR S. typhi. This will be due to the fact that
ceftolozane/tazobactam has low MICs and more specifically it
is unaffected by efflux pumps that could affect the other
antibiotics [27]. To the best of our knowledge, this is the first
study conducted in Pakistan regarding the susceptibility of
ceftolozane/tazobactam against S. typhi. This study will give a
new chapter for physicians to treat this lethal organism.

Conclusion
High prevalence rate and consistent emergence of drug

resistance by organisms have led us to treatment failure. In the

era of drug resistance, Ceftolozane/tazobactam could be an
alternative choice in the treatment of MDR S. typhi infections.

Future Recommendations and
Limitation of the Study

The therapeutic use of broad-spectrum antibiotics should be
reserved only for severe and life-threatening infections.
Continuous investigation of multidrug-resistant organisms and
antimicrobial stewardship is needed to have the best
treatment options and better antibiotic selectivity.

This study was conducted in only one center of Karachi. It is
strongly recommended that the same kind of research must be
conducted at a larger scale with the involvement of multiple
clinical settings of the country to obtain a more valid antibiotic
susceptibility pattern against this virulent organism. This will
help in controlling the spread of infections and will also be
useful for better management of infectious diseases.

References
1. Narasanna R, Chavadi M, Chandrakanth K (2018) Prevalence of

multidrug-resistant Salmonella typhi in typhoid patients and
detection of blaCTX-M2 and blaCTX-M9 genes in cefotaxime-
mediated extended-spectrum β-lactamase-producing
Salmonella typhi isolates. Biomed Res 29: 14.

2. Mandal S, Mandal M, Pal NK (2009) In vitro activity of
gentamicin and amikacin against Salmonella enterica serovar
typhi: a search for a treatment regimen for typhoid fever. East
Mediterr Health J 15: 264-268.

3. Stanaway JD, Reiner RC, Blacker BF, Goldberg EM, Khalil IA, et al.
(2017) The global burden of typhoid and paratyphoid fevers: a
systematic analysis for the Global Burden of Disease Study 2017.
Lancet Infect Dis 19: 369-381.

4. Radhakrishnan A, Als D, Mintz ED, Crump JA, Stanaway J, et al.
(2018) Introductory article on global burden and epidemiology
of typhoid fever. Am J Trop Med Hyg 99: 4-9.

5. Olarte J, Galindo E (1973) Salmonella typhi resistant to
chloramphenicol, ampicillin, and other antimicrobial agents:
strains isolated during an extensive typhoid fever epidemic in
Mexico. Antimicrob Agents Chemother 4: 597-601.

6. Woodward TE, Smadel JE, Ley HL, Green R, Mankikar DS (1948)
Preliminary report on the beneficial effect of chloromycetin in
the treatment of typhoid fever. Wilderness Environ Med 29:
131-134.

7. Shane AL, Mody RK, Crump JA, Tarr PI, Steiner TS, et al. (2017)
Infectious diseases society of america clinical practice guidelines
for the diagnosis and management of infectious diarrhea. Clin
Infect Dis 65: e45-e80.

8. Crump JA, Sjölund-Karlsson M, Gordon MA, Parry CM (2015)
Epidemiology, clinical presentation, laboratory diagnosis,
antimicrobial resistance, and antimicrobial management of
invasive Salmonella infections. Clin Microbiol Rev 28: 901-937.

9. Skov R, Matuschek E, Sjölund-Karlsson M, Åhman J, Petersen A,
et al. (2015) Development of a pefloxacin disk diffusion method
for detection of fluoroquinolone-resistant Salmonella enterica.
Clin Microbiol Rev 53: 3411-3417.

European Journal of Experimental Biology

ISSN 2248-9215

Vol.9 No.4:14

2019

© Copyright iMedPub 3

Vol.9 No.5:18



10. Gupta A, Fontana J, Crowe C, Bolstorff B, Stout A, et al. (2003)
Emergence of multidrug-resistant Salmonella enterica serotype
Newport infections resistant to expanded-spectrum
cephalosporins in the United States. J Infect Dis 188: 1707-1716.

11. Cui S, Li J, Sun Z, Hu C, Jin S, et al. (2008) Ciprofloxacin-resistant
Salmonella enterica serotype typhimurium, China. Emerg Infect
Dis 14: 493.

12. Patel SR, Bharti S, PratpP CB, Nath G (2017) Drug resistance
pattern in the recent isolates of Salmonella typhi with special
reference to cephalosporins and azithromycin in the Gangetic
plain. J Clin Diagn Res 11: DM01-DMO3.

13. Qamar FN, Azmatullah A, Kazi AM, Khan E, Zaidi A (2014) A
three-year review of antimicrobial resistance of Salmonella
enterica serovars typhi and paratyphi A in Pakistan. JAMC 8:
981-986.

14. Jain S, Chugh TD (2013) Antimicrobial resistance among blood
culture isolates of Salmonella enterica in New Delhi. J Infect Dev
Ctries 7: 788-795.

15. Mathew B, Ugboko H, De N (2015) Prevalence of multidrug
resistant Salmonella enterica serovar typhi in Kaduna
Metropolis, Kaduna, Nigeria. Int J Curr Microbiol App Sci 4:
323-335.

16. Ishaq M, Farooqui BJ, Ashfaq MK, Khan MA (1990) Therapeutic
implications of ofloxacin in the treatment of typhoid fever
caused by multiply resistant Salmonella typhi. J Pak Med Assoc
40: 176-178.

17. Ali A, Ali HA, Shah FH, Zahid A, Aslam H, et al. (2017) Pattern of
antimicrobial drug resistance of Salmonella typhi and paratyphi
A in a Teaching Hospital in Islamabad. J Pak Med Assoc 67:
375-379.

18. Khoharo HK, Memon IA (2014) Drug resistance patterns of
Salmonellae enterica serotype typhi and paratyphi at a Tertiary
Care Hospital of Sindh, Pakistan. JMED 14: 6.

19. Khan MI, Soofi SB, Ochiai RL, Khan MJ, Sahito SM, et al. (2012)
Epidemiology, clinical presentation, and patterns of drug
resistance of Salmonella typhi in Karachi, Pakistan. J Infect Dev
Ctries 6: 704-714.

20. Veeraraghavan B, Pragasam AK, Bakthavatchalam YD, Ralph R
(2018) Typhoid fever: Issues in laboratory detection, treatment
options and concerns in management in developing countries.
Future Sci OA 4: FSO312.

21. Rabbani MW, Iqbal I, Malik MS (1998) A comparative study of
cefixime and chloramphenicol in children with typhoid fever. J
Pak Med Assoc 48: 163-164.

22. Rodrigues C, Kapil A, Sharma A, Ragupathi NKD, Inbanathan FY,
et al. (2017) Whole-genome shotgun sequencing of
cephalosporin-resistant Salmonella enterica serovar typhi.
Genome Announc 5: e01639.

23. Ragupathi NKD, Sethuvel DPM, Shankar BA, Munusamy E,
Anandan S (2016) Draft genome sequence of blaTEM-1-
mediated cephalosporin-resistant Salmonella enterica serovar
typhi from bloodstream infection. J Glob Antimicrob Resist 7:
11-12.

24. Sjölund-Karlsson M, Joyce K, Blickenstaff K, Ball T, Haro J, et al.
(2011) Antimicrobial susceptibility to azithromycin among
Salmonella enterica isolates from the United States. Antimicrob
Agents Chemother 55: 3985-3989.

25. Misra R, Prasad KN (2016) Antimicrobial susceptibility to
azithromycin among Salmonella enterica typhi and paratyphi A
isolates from India. J Med Microbiol 65: 1536-1539.

26. Chan E, Wu AK, Tse CW, Lau SK, Woo PCY (2019) In vitro
susceptibility of Salmonella enterica serovar typhi to
ceftolozane/tazobactam. J Antimicrob Chemother 74: 528-530.

27. Sorbera M, Chung E, Ho CW, Marzella N (2014) Therapeutics.
Ceftolozane/Tazobactam: a new option in the treatment of
complicated Gram-negative infections. PT 39: 825-832.

 

European Journal of Experimental Biology

ISSN 2248-9215

Vol.9 No.4:14

2019

4 This article is available from: http://www.imedpub.com/european-journal-of-experimental-biology/

Vol.9 No.5:18

http://www.imedpub.com/european-journal-of-experimental-biology/

	内容
	Ceftolozane/Tazobactam: “A New Treatment option against Multi-Drug Resistant Salmonella typhi”
	Abstract
	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Future Recommendations and Limitation of the Study
	References


