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Abstract
Introduction
The prevalence of typhoid fever has been rising steadily in Pakistan with extensively drug-resistant (XDR) cases posing a 
major challenge to the national health care system. Physicians are hence, pushed towards prescribing last resort antibiotics 
which have concerns of cost-effectiveness, frequent in-patient monitoring and growing drug resistance. Hence, we evaluated 
susceptibility of Ceftazidime-avibactam (CAZ-AVI) against Salmonella typhi isolates from cases of bacteremia.

Methods
This was a cross-sectional study conducted at the Clinical Microbiology Laboratory of The Indus Hospital Karachi, Pakistan 
from 1st May to 31st October 2023. Two hundred and eighty-nine blood culture isolates identified as S. typhi were included in 
the study and were tested for CAZ-AVI susceptibility by Disc diffusion method. Interpretation of zone diameters was done using 
antimicrobial susceptibility breakpoints mentioned in Clinical & Laboratory Standards Institute (CLSI) M100. A zone diameter 
of ≥ 21 mm was considered as sensitive and ≤ 20 mm was considered resistant.

Results
Of the 289 isolates, 59.9% (n=173) were from male patients and 40.1% (n=116) from females. Patients mostly belonged to ≤ 
18 years age group (n=249; 86.2%). Majority of the S. typhi isolates were characterized as XDR (n=171; 59.2%) followed by 
non-drug-resistant isolates (n=90; 31.1%) whereas, least were characterized as multi drug-resistant (MDR) strains (n=28; 
9.7%). All the isolates tested for CAZ-AVI susceptibility were found to be sensitive.

Conclusion
We report 100% susceptibility of CAZ-AVI in our set of S. typhi bacteremia isolates. The findings of this study provide valuable 
data to physicians for exploring other treatment options for typhoid as well as guiding further multi-center in-vitro studies and 
clinical trials. 
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1. Introduction
Typhoid fever, mainly caused by Salmonella typhi, has become 
a global menace with an estimated burden of 9 million cases and 
110,000 deaths annually [1]. Of particular concern are the South 
Asian countries where limited access to clean water and adequate 
sanitation significantly contributes to its spread. The highest 
prevalence among South Asian countries has been estimated to 
be in Pakistan where the cases dramatically increased after a new 
extensively drug-resistant (XDR) strain was first isolated in 2016 
[2]. Since then, thousands of XDR cases are reported each year 

to the National Institute of Health (NIH) in Islamabad, raising 
grave concerns for the national health care systems [3].  The 
physicians often resort to Azithromycin in out-patient settings 
as a last available oral option in such cases. However, the recent 
emergence of Azithromycin-resistant XDR strains reported from 
India, Singapore and Pakistan among other countries have further 
complicated the issue [4,5,6]. Such situations have been forcing 
physicians to prescribe carbapenems as a last option. Although 
carbapenems are seen as an effective antibiotic in XDR cases, 
concerns of cost-effectiveness and frequent in-patient monitoring 
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limits its availability for the underprivileged population of 
Pakistan. Moreover, frequent and injudicious use of carbapenems 
has been associated with the rising trend of Carbapenem-resistant 
Enterobacterales (CRE) in the country over the past decade [7,8]. 
Therefore, there is an urgent need to explore other options for 
the treatment of typhoid fever, which are readily available in the 
country and associated with lesser treatment related morbidity. 
Ceftazidime-avibactam (CAZ-AVI), a combination of a third-
generation cephalosporin and a beta-lactamase inhibitor, exhibits 
bactericidal activity against a wide number of gram-negative 
bacteria including Enterobacterales and Pseudomonas aeruginosa 
[9]. Several laboratory-based and clinical observational studies 
have demonstrated that CAZ-AVI is non-inferior to meropenem, 
in-vitro as well as in treating certain clinical infections [10,11,12]. 
Hence, we set out to evaluate the susceptibility of CAZ-AVI in S. 
typhi isolates of bacteremia.

2. Materials and Methods:
2.1 Study Design and Setting: This was a cross-sectional study 
conducted at the Clinical Microbiology Laboratory of The Indus 
Hospital Karachi, Pakistan from 1st May to 31st October 2023. 
Two hundred and eighty-nine blood culture isolates identified 
as S. typhi were included in the study and were tested for CAZ-
AVI susceptibility by Disc diffusion method. S. typhi isolates 
from specimens other than blood and which were sent outside the 
timeframe of sample collection were excluded. 

2.2 Sample Size
The sample size was calculated from the findings of a previous 
in-vitro study, evaluating the efficacy of CAZ-AVI against clinical 
isolates of Enterobacter ales from 2017 to 2019, using the WHO 
sample size software [13]. We estimated that a minimum sample 
size of 279 isolates would be needed to detect an expected CAZ-
AVI efficacy of 98.1%, keeping a 95% confidence interval and a 
1.6% margin of error.

2.3 CAZ-AVI Susceptibility Testing
S. typhi isolates were sub-cultured on sheep blood agar (SBA) 
and incubated at 37oC for 24 hours. After which isolated colonies 
from SBA were inoculated in phosphate-buffered saline and a 0.5 
MacFarland suspension was prepared. A sterile swab was used to 
streak the entire surface of a Mueller-Hinton Agar (MHA) plate 
and a 30/20 μg concentration CAZ-AVI antibiotic disc was placed 
on the agar surface. The agar plate was incubated at 37oC for 
24 hours. After incubation the MHA plates were examined for 
measurement of CAZ-AVI zone diameter. Interpretation of zone 
diameters was done using antimicrobial susceptibility breakpoints 
mentioned in Clinical & Laboratory Standards Institute (CLSI) 
M100. A zone diameter of ≥ 21 mm was considered as sensitive 
and ≤ 20 mm was considered resistant.

2.4 Statistical Analysis
Information regarding patient’s age, gender, drug-resistance 
pattern of isolates and susceptibility for CAZ-AVI was recorded 
on a standardized study proforma. Baseline data collected on 
hard copies of the study proformas was entered in the Microsoft 
Excel software (Microsoft Excel 2013 {15.0.5553.1000} 32-bit). 
Statistical significance was computed using MedCalc Statistical 
Software version 20.027 (MedCalc Software bv, Ostend, Belgium) 
to determine any association of patient age groups with the 
frequency of drug-resistant isolates, using the Chi-square test. A p 
value of ≤0.05 was considered as significant.

4. Results
Of the 289 isolates, 59.9% were from male patients and 40.1% 
from females. Patients mostly belonged to ≤ 18 years age group 
(86.2%). Majority of the S. typhi isolates were characterized as 
XDR (59.2%) followed by non-drug-resistant isolates (31.1%) 
whereas, least were characterized as MDR strains (9.7%). All 
the isolates tested for CAZ-AVI susceptibility were found to be 
sensitive. Characteristics, drug resistance pattern and CAZ-AVI 
susceptibility of the isolates is tabulated in Table 1.
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Characteristic n (%)
Age
≤18 years 249 (86.2%)
>18 – 45 years 38 (13.1%)
>45 years 2 (0.7%)
Gender
Male 173 (59.9%)
Female 116 (40.1%)
Drug Resistance
No drug resistance 90 (31.1%)
Multi drug resistance (MDR) 28 (9.7%)
Extensive drug resistance (XDR) 171 (59.2%)
Ceftazidime-avibactam (CAZ-AVI) susceptibility
Sensitive isolates 289 (100%)

Table 1: Characteristics, Drug Resistance Pattern and Ceftazidime-Avibactam (CAZ-AVI) Susceptibility of Salmonella Typhi 
Isolates (n=289).

The association of age groups of ≤18 years and >18 – 45 years with 
XDR strains of S. typhi was found to be statistically significant 
(p=0.02). Furthermore, statistical significance was also noted 
for association of both these age groups with non-drug resistant 

resistant strains of S. typhi (p=0.04 & p=0.02). Association of 
different age groups with frequency of drug-resistant isolates is 
shown in Table 2.

Age Group Drug-resistant isolates n (%) P value
≤18 years Non-drug resistant 72 (28.9%) p=0.04*

MDR 23 (9.2%) p=0.5
XDR 154 (61.9%) p=0.02*

>18 – 45 years Non-drug resistant 18 (47.4%) p=0.02*
MDR 4 (10.5%) p=0.9
XDR 16 (42.1%) p=0.02*

>45 years MDR 1 (50%) p=0.1
XDR 1 (0.8%) p=0.8

Table 2: Association of patient age groups with frequency of drug-resistant isolates. (*p value ≤0.05)
5. Discussion
Our study results show 100% sensitivity of CAZ-AVI in all S. 
typhi isolates from bacteremic patients. Several antimicrobial 
surveillance studies conducted internationally and from South 
Asian region corroborate with our findings. A study conducted on 
patient isolates from 16 major teaching hospitals across Taiwan 
in 2017, evaluated the susceptibility of CAZ-AVI among several 
other antibiotics against Enterobacterales. Of the n=1359 isolates 
of Enterobacterales tested, more than 99% were sensitive to CAZ-
AVI [14]. Similarly, another in-vitro study from USA, tested 
for CAZ-AVI susceptibility in pediatric patient isolates from 70 
medical centers from 2016 to 2019. CAZ-AVI was found to be 
susceptible in more than 99.9% of the total n=37900 isolates of 
Enterobacterales tested [15].

Most of the isolates belonged to patients that were either 18 years 

of age or less (86.2%). Population-based data from Pakistan in this 
regard is scarce however, several epidemiological studies from 
different regions of the country have consistently shown higher 
incidence of typhoid fever in the younger age groups [16]. Also, 
prevalence data from India and Bangladesh is consistent with our 
findings that younger population is at higher risk for contracting 
typhoid [16, 17]. An analysis of risk factors for typhoid in the 
younger population of Karachi showed higher risk in children 
particularly living in high density areas of the city with lack of 
safe drinking water sources [18]. Moreover, school aged children 
and young adults belonging to underprivileged areas who often 
leave home are exposed to unhygienic and contaminated food on 
the streets [17].

More than half of the patient isolates in our study (59.2%) were 
XDR strains. This finding agrees with the existing and rising trend 



  Volume 2 | Issue 1 | 4J Res Edu, 2024

of XDR cases throughout Pakistan [2,3]. Since, the isolation of 
the first case of XDR typhoid in Sindh province in 2016, there 
have been intermittent outbreaks of XDR cases in the country 
characterized by patients refractory to standard therapy [3]. 
Frequent disproportionate use of antibiotics constituting the first- 
and second-line therapy for typhoid is responsible for resistance 
to most of the drugs traditionally used for treating typhoid. Hence, 
there has been a push towards use of Azithromycin in out-patient 
settings, which has been unfortunately resulting in Azithromycin 
resistant cases [4,5,6]. Furthermore, prescription of carbapenems 
is not always feasible as an out-patient option and patients 
often require close in-patient monitoring. Injudicious use of 
carbapenems in the country is contributing to the rising pandemic 
of CRE infections, posing an imminent hazard for emergence 
of carbapenem-resistant XDR typhoid. In such scenario, other 
options such as CAZ-AVI may prove helpful for treating cases 
of XDR typhoid and curtailing the ever-increasing resistance to 
Azithromycin and Carbapenems. 

There are a few limitations to our study. Firstly, this was a single 
center study and multi-center studies throughout the country are 
required to assess the efficacy of CAZ-AVI on a wider population. 
Nonetheless, Indus Hospital is one of the largest tertiary care 
hospitals of Karachi, situated in the Korangi district which caters 
to a population of more than 2.5 million people [19]. Secondly, 
other antibiotic combinations of beta-lactamase inhibitors viz. 
Ampicillin-sulbactam, Ceftolozane-tazobactam, Imipenem-
relebactam and Meropenem-vaborbactam were not explored for 
in-vitro testing against S. typhi isolates in this study. Our findings 
regarding CAZ-AVI susceptibility against these isolates are 
robust and we intend to explore other beta-lactam/ beta-lactamase 
combinations for in-vitro testing in future. Lastly, minimum 
inhibitory concentration (MIC) of CAZ-AVI was not performed 
in the isolates to confirm susceptibility results obtained via Disk 
diffusion method. However, we employed the quality control 
measures recommended by CLSI for testing of CAZ-AVI by Disk 
diffusion method and reported our results only when all quality 
control criteria were adequately met.

6. Conclusion
We report 100% susceptibility of CAZ-AVI in our set of S. typhi 
bacteremia isolates. The findings of this study provide valuable 
data to physicians for exploring other treatment options for typhoid 
as well as guiding further multi-center in-vitro studies and clinical 
trials. 

References
1.	 Typhoid. Who.int. [cited 2023 Nov 17]. Available from: 

Cunha, K. C. C. M. S., Oliveira, M. C. L. A., Gomes, A. C. 
S., Castro, L. P. F. D., & Viana, M. B. (2012). Clinical course 
and prognostic factors of children with Burkitt's lymphoma 
in a developing country: the experience of a single centre in 
Brazil. Revista brasileira de hematologia e hemoterapia, 34, 
361-366.

2.	 Tharwani, Z. H., Kumar, P., Salman, Y., Islam, Z., Ahmad, 

S., & Essar, M. Y. (2022). Typhoid in Pakistan: Challenges, 
efforts, and recommendations. Infection and Drug Resistance, 
2523-2527.

3.	 Butt, M. H., Saleem, A., Javed, S. O., Ullah, I., Rehman, M. 
U., Islam, N., ... & Misbah, S. (2022). Rising XDR-typhoid 
fever cases in Pakistan: are we heading back to the pre-
antibiotic era?. Frontiers in public health, 9, 794868.

4.	 Iqbal, J., Dehraj, I. F., Carey, M. E., Dyson, Z. A., Garrett, D., 
Seidman, J. C., ... & Qamar, F. N. (2020). A race against time: 
reduced azithromycin susceptibility in Salmonella enterica 
serovar Typhi in Pakistan. MSphere, 5(4), 10-1128.

5.	 Carey, M. E., Jain, R., Yousuf, M., Maes, M., Dyson, Z. 
A., Thu, T. N. H., ... & Taneja, N. (2021). Spontaneous 
emergence of azithromycin resistance in independent lineages 
of Salmonella Typhi in Northern India. Clinical Infectious 
Diseases, 72(5), e120-e127.

6.	 Octavia, S., Chew, K. L., Lin, R. T., & Teo, J. W. (2021). 
Azithromycin-Resistant Salmonella enterica Serovar Typhi 
AcrB-R717Q/L, Singapore. Emerging Infectious Diseases, 
27(2), 624.

7.	 Perez, F., & Van Duin, D. (2013). Carbapenem-resistant 
Enterobacteriaceae: a menace to our most vulnerable patients. 
Cleveland Clinic journal of medicine, 80(4), 225.

8.	 Habib, A., Lo, S., Villageois-Tran, K., Petitjean, M., 
Malik, S. A., Armand-Lefevre, L., ... & Zahra, R. (2022). 
Dissemination of carbapenemase-producing Enterobacterales 
in the community of Rawalpindi, Pakistan. Plos one, 17(7), 
e0270707.

9.	 Herrero, F. S. (2022). Ceftazidime-avibactam. Revista 
Española de Quimioterapia, 35(Suppl 1), 40.

10.	 Mo, Y., Lorenzo, M., Farghaly, S., Kaur, K., & Housman, S. 
T. (2019). What's new in the treatment of multidrug-resistant 
gram-negative infections?. Diagnostic Microbiology and 
Infectious Disease, 93(2), 171-181. 

11.	 Sader, H. S., Castanheira, M., Mendes, R. E., & Flamm, R. K. 
(2018). Frequency and antimicrobial susceptibility of Gram-
negative bacteria isolated from patients with pneumonia 
hospitalized in ICUs of US medical centres (2015–17). 
Journal of antimicrobial chemotherapy, 73(11), 3053-3059.

12.	 Sousa, A., Pérez-Rodríguez, M. T., Soto, A., Rodríguez, 
L., Pérez-Landeiro, A., Martínez-Lamas, L., ... & Crespo, 
M. (2018). Effectiveness of ceftazidime/avibactam as 
salvage therapy for treatment of infections due to OXA-48 
carbapenemase-producing Enterobacteriaceae. Journal of 
Antimicrobial Chemotherapy, 73(11), 3170-3175.

13.	 Karlowsky, J. A., Kazmierczak, K. M., de Figueiredo Valente, 
M. L. N., Luengas, E. L., Baudrit, M., Quintana, A., ... & 
Sahm, D. F. (2021). In vitro activity of ceftazidime-avibactam 
against Enterobacterales and Pseudomonas aeruginosa isolates 
collected in Latin America as part of the ATLAS global 
surveillance program, 2017–2019. The Brazilian Journal of 
Infectious Diseases, 25(6), 101647.

14.	 Jean, S. S., Lu, M. C., Shi, Z. Y., Tseng, S. H., Wu, T. S., 
Lu, P. L., ... & Hsueh, P. R. (2018). In vitro activity of 
ceftazidime-avibactam, ceftolozane-tazobactam, and other 

https://www.tandfonline.com/doi/full/10.2147/IDR.S365220
https://www.tandfonline.com/doi/full/10.2147/IDR.S365220
https://www.tandfonline.com/doi/full/10.2147/IDR.S365220
https://www.tandfonline.com/doi/full/10.2147/IDR.S365220
https://doi.org/10.3389/fpubh.2021.794868
https://doi.org/10.3389/fpubh.2021.794868
https://doi.org/10.3389/fpubh.2021.794868
https://doi.org/10.3389/fpubh.2021.794868
https://doi.org/10.1128/msphere.00215-20
https://doi.org/10.1128/msphere.00215-20
https://doi.org/10.1128/msphere.00215-20
https://doi.org/10.1128/msphere.00215-20
https://doi.org/10.1093/cid/ciaa1773
https://doi.org/10.1093/cid/ciaa1773
https://doi.org/10.1093/cid/ciaa1773
https://doi.org/10.1093/cid/ciaa1773
https://doi.org/10.1093/cid/ciaa1773
https://doi.org/10.3201%2Feid2702.203874
https://doi.org/10.3201%2Feid2702.203874
https://doi.org/10.3201%2Feid2702.203874
https://doi.org/10.3201%2Feid2702.203874
https://doi.org/10.3949%2Fccjm.80a.12182
https://doi.org/10.3949%2Fccjm.80a.12182
https://doi.org/10.3949%2Fccjm.80a.12182
https://doi.org/10.1371/journal.pone.0270707
https://doi.org/10.1371/journal.pone.0270707
https://doi.org/10.1371/journal.pone.0270707
https://doi.org/10.1371/journal.pone.0270707
https://doi.org/10.1371/journal.pone.0270707
https://doi.org/10.37201%2Freq%2Fs01.09.2022
https://doi.org/10.37201%2Freq%2Fs01.09.2022
https://doi.org/10.1016/j.diagmicrobio.2018.08.007
https://doi.org/10.1016/j.diagmicrobio.2018.08.007
https://doi.org/10.1016/j.diagmicrobio.2018.08.007
https://doi.org/10.1016/j.diagmicrobio.2018.08.007
https://doi.org/10.1093/jac/dky279
https://doi.org/10.1093/jac/dky279
https://doi.org/10.1093/jac/dky279
https://doi.org/10.1093/jac/dky279
https://doi.org/10.1093/jac/dky279
https://doi.org/10.1093/jac/dky295
https://doi.org/10.1093/jac/dky295
https://doi.org/10.1093/jac/dky295
https://doi.org/10.1093/jac/dky295
https://doi.org/10.1093/jac/dky295
https://doi.org/10.1093/jac/dky295
https://doi.org/10.1016/j.bjid.2021.101647
https://doi.org/10.1016/j.bjid.2021.101647
https://doi.org/10.1016/j.bjid.2021.101647
https://doi.org/10.1016/j.bjid.2021.101647
https://doi.org/10.1016/j.bjid.2021.101647
https://doi.org/10.1016/j.bjid.2021.101647
https://doi.org/10.1016/j.bjid.2021.101647
https://www.tandfonline.com/doi/full/10.2147/IDR.S175679
https://www.tandfonline.com/doi/full/10.2147/IDR.S175679
https://www.tandfonline.com/doi/full/10.2147/IDR.S175679


  Volume 2 | Issue 1 | 5J Res Edu, 2024

comparable agents against clinically important Gram-negative 
bacilli: results from the 2017 Surveillance of Multicenter 
Antimicrobial Resistance in Taiwan (SMART). Infection and 
Drug Resistance, 1983-1992.

15.	 Lin, L. Y., Riccobene, T., & Debabov, D. (2021). Antimicrobial 
activity of ceftazidime-avibactam against contemporary 
pathogens from urinary tract infections and intra-abdominal 
infections collected From US children during the 2016–2019 
INFORM surveillance program. The Pediatric Infectious 
Disease Journal, 40(4), 338-343.

16.	 Siddiqui, F. J., Rabbani, F., Hasan, R., Nizami, S. Q., & Bhutta, 
Z. A. (2006). Typhoid fever in children: some epidemiological 
considerations from Karachi, Pakistan. International Journal 
of Infectious Diseases, 10(3), 215-222.

17.	 Saha, S., Islam, M. S., Sajib, M. S. I., Saha, S., Uddin, M. J., 
Hooda, Y., ... & Saha, S. K. (2019). Epidemiology of typhoid 
and paratyphoid: implications for vaccine policy. Clinical 
Infectious Diseases, 68(Supplement_2), S117-S123.

18.	 Khan, M. I., Ochiai, R. L., Soofi, S. B., VON-SEIDLEIN, L., 
Khan, M. J., Sahito, S. M., ... & Bhutta, Z. A. (2012). Risk 
factors associated with typhoid fever in children aged 2–16 
years in Karachi, Pakistan. Epidemiology & Infection, 140(4), 
665-672.

19.	 Pakistan bureau of statistics. [cited 2024 Mar 10]. Available 
from: https://www.pbs.gov.pk/census-2017-district-wise/
results/096

Copyright: ©2024 Moiz Ahmed Khan, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

https://opastpublishers.com

https://www.tandfonline.com/doi/full/10.2147/IDR.S175679
https://www.tandfonline.com/doi/full/10.2147/IDR.S175679
https://www.tandfonline.com/doi/full/10.2147/IDR.S175679
https://www.tandfonline.com/doi/full/10.2147/IDR.S175679
F:\opast pdf\Pooja.P\VJRE\2024\Feb\JRE-24-16\10.1097\INF.0000000000003035
F:\opast pdf\Pooja.P\VJRE\2024\Feb\JRE-24-16\10.1097\INF.0000000000003035
F:\opast pdf\Pooja.P\VJRE\2024\Feb\JRE-24-16\10.1097\INF.0000000000003035
F:\opast pdf\Pooja.P\VJRE\2024\Feb\JRE-24-16\10.1097\INF.0000000000003035
F:\opast pdf\Pooja.P\VJRE\2024\Feb\JRE-24-16\10.1097\INF.0000000000003035
F:\opast pdf\Pooja.P\VJRE\2024\Feb\JRE-24-16\10.1097\INF.0000000000003035
https://doi.org/10.1016/j.ijid.2005.03.010
https://doi.org/10.1016/j.ijid.2005.03.010
https://doi.org/10.1016/j.ijid.2005.03.010
https://doi.org/10.1016/j.ijid.2005.03.010
https://doi.org/10.1093/cid/ciy1124
https://doi.org/10.1093/cid/ciy1124
https://doi.org/10.1093/cid/ciy1124
https://doi.org/10.1093/cid/ciy1124
https://doi.org/10.1017/S0950268811000938
https://doi.org/10.1017/S0950268811000938
https://doi.org/10.1017/S0950268811000938
https://doi.org/10.1017/S0950268811000938
https://doi.org/10.1017/S0950268811000938

