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ABSTRACT 

Objectives: To compare the clinical response of Meropenem versus a combination of Meropenem and Azithromycin in 
Extensively Drug-Resistant Salmonella. 
Study Design: Quasi-experimental study. 
Place and Duration of Study: Tertiary Care Hospital, Malir Pakistan, from Mar to Sep 2023. 
Methodology: A total of 100 patients (50 in the Meropenem group and 50 in the Meropenem and Azithromycin group) who 
were diagnosed with typhoid fever secondary to extensively drug-resistant salmonella were included. The duration of 

hospital stay, post-therapy C-reactive protein, time for defervescence, and complete clinical response were compared 

between the groups.  
Results: Median age was 29(49–16) years. There were 78(78%) males and 22(22%) females. Median weight of patients was 

75(90–55) kg. Median duration of fever was 6(14–1) days. Median baseline C-reactive protein was 44(167–13) mg/dl. 

Complete clinical response in Meropenem alone group 49(98%) was significantly higher as compared to Meropenem + 
Azithromycin group 38(76%), (p=0.001). Similarly, duration of hospital stay and time to defervescence were also significantly 
shorter in the Meropenem alone group (p<0.001). 
Conclusion: Meropenem alone is better than the combination of Meropenem + Azithromycin, with a shorter hospital stay, 
lesser time to defervescence, and better clinical response. 
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INTRODUCTION 

Salmonella typhi (S. typhi), an organism that is 
gram-negative, rod-shaped, and flagellated, is the 
cause of enteric fever. Enteric fever is an issue of 
public health in poor nations and imposes a significant 
cost on the health system in these countries.1 
Transmission occurs through faeco-oral route by using 
contaminated water and food. An estimated 14.3 
million cases of enteric fever occur yearly, and more 
than 135,000 deaths are reported worldwide each 
year.2 According to the findings of a study conducted 
in India on more than 1200 adult patients, enteric fever 
accounted for 4% of cases of febrile illness.3 It has been 
determined through epidemiological research that out 
of the sixteen Asian nations where typhoid fever is 
prevalent, the people living in the provinces of Punjab 
and Sindh in Pakistan are most at risk of acquiring 
enteric fever.4 Antibiotics are required for the 

treatment of patients with enteric fever.  

At present, a significant threat to the effective 
management of typhoid fever is the emergence of 
multi-drug resistant (MDR) and extensively drug-
resistant (XDR) strains of Salmonella typhi.5 Studies 
have reported rising prevalence of MDR strains (34.2% 
- 48.5%) and quinolone resistance (1.6% - 64.1%).6 As a 
result, last-line antibiotics now available for managing 
XDR strains of enteric fever include Azithromycin, 
carbapenems, and tigecycline.7 Meropenem and 
Azithromycin are frequently used for this purpose, 
either singularly or in combination, according to the 
clinical setting and patient’s condition. In this instance, 
a study revealed that the clinical response was more 
significant when patients were treated with a single 
antibiotic instead of a combination medication. The 
time for defervescence was also shorter when patients 
were treated with a single antibiotic.8 Similarly, 
another study reported that Meropenem alone was 
better than the combination of Meropenem and 
Azithromycin for the treatment of XDR typhoid with a 
complete clinical response of 100% and 89.7%, 
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respectively.9 On the other hand, another such study 
reported that complete clinical response was much 
higher with the combination of Meropenem and 
Azithromycin as compared to Meropenem alone 
[26.9% vs 5.1%, respectively].10 

Owing to such opposing results regarding the 
clinical response of Meropenem alone versus a 
combination of Meropenem and Azithromycin in the 
treatment of infection caused by XDR salmonella, 
makes it imperative that further studies should be 
conducted in this regard to find out the best possible 
regime for the management of XDR salmonella 
infection. Therefore, this study was conducted to 
compare the clinical response of Meropenem versus a 
combination of Meropenem and Azithromycin in 
extensively drug-resistant (XDR) salmonella. 

METHODOLOGY 

The quasi-experimental study was conducted at 
Tertiary Care Hospital, Malir Pakistan, from March to 
September 2023 (ERB #: 115/2023/Trg/ERC dated 1st 
Dec 2023). The sample size of 100 was calculated using 
the WHO sample size calculator by assuming the 
anticipated frequency of complete clinical response in 
Meropenem alone a group of 5.1%  and anticipated 
frequency of complete clinical response in Meropenem 
and Azithromycin group of 26.9% using the WHO 
sample size calculator.10 

Inclusion criteria: We included patients were aged 
between 18-60 years, who were either male or female, 
who were diagnosed with a case of enteric fever 
secondary to XDR Salmonella typhi [defined as S. typhi 
strains resistant to Chloramphenicol, Ampicillin, co-
Trimoxazole, and Fluoroquinolones, as well as third-
generation Cephalosporins]11 by blood cultures and 
sensitive to both Azithromycin and Meropenem. 

Exclusion criteria: We excluded the patients with an 
obvious source of other infection, S. paratyphi strains 
growing on blood culture, who failed to seek complete 
treatment or post-treatment follow-up and were 
hypersensitive to either study drug. 

The study population was selected using the 
lottery method (Figure). 

Written consent, which the study participants 
signed, was an essential prerequisite. Once selected, 
baseline characteristics, including age, gender, weight, 
duration of fever, and C-reactive protein (CRP), were 
documented. Venous blood samples of 7.5–10ml were 
taken to be sent for blood culture and sensitivity to 
identify XDR Salmonella strains and ensure their 

sensitivity to Meropenem and Azithromycin. The 
sample was sent to the internal laboratory of the 
hospital to prevent any financial burden on patients. 
Once identified, patients were started on treatment 
after they were divided into two groups through 
blocked randomization. Patients who were assigned to 
group-A were treated with injection Meropenem 
20mg/kg intravenously, three times a day for 14 days. 
Patients in group-B were given tablet Azithromycin at 
5mg/kg once daily per oral plus injection Meropenem 
20mg/kg intravenously for 14 days. In both these 
groups, duration of hospital stay, post-therapy CRP, 
time for defervescence (defined as time from first 
recording of fever till return of body temperature to 
less than 380C for more than 48 hours), and complete 
clinical response (defined as complete resolution of 
fever as well as negative blood cultures, sent after day 
10 of therapy, within 14 days of therapy) were 
assessed and documented. 
 

 
Figure: Patient Flow Diagram (n=100) 
 

Data was analyzed using Statistical Package for 
the Social Sciences (SPSS) 22.00. Data normality was 
checked by using the Shapiro-Wilk test. Quantitative 
data (age, weight, duration of fever, CRP, duration of 
hospital stay, and time to defervescence) were not 
distributed normally and were represented by the 
median interquartile range (IQR). Qualitative data 
(gender and complete clinical response) was 
represented using percentages and frequency. Mann 
Whitney U-test was used to compare the duration of 
hospital stay, post-therapy CRP, and time for 
defervescence between Groups. A Chi-square test was 
used to compare complete clinical responses between 
Groups. The p-value of ≤0.05 was considered as 
statistically significant. 
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RESULTS 

A total of 100 patients [50 in each group] were 
included in this study. The median age of study 
participants was 29(49–16) years. There were 78(78%) 
males and 22(22%) females. The median weight of 
patients was 75(90–55) kg. The median duration of 
fever was 6(14–1) days. The median baseline CRP was 
44(167–13) mg/dl. The comparison of baseline 
characteristics between groups is tabulated below in 
Table-I. 
 

Table-I: Comparison of Baseline Characteristics in Study Groups 
(n=100) 

Characteristics 
“Meropenem 

Alone Group (A) 
(n=50) 

“Meropenem + 
Azithromycin 

Group (B) (n=50) 

p-
value 

Median Age  
28.50(49.00–17.00) 

(years) 
29.00(45.00–16.00) 

(years) 
0.658 

Gender 

Male 
Female 

42(84.00%) 
8(16.00%) 

36(72.00%) 
14(28.00%) 

0.148 

Median Weight 
78.00(89.00–55.00) 

kg 
69.00(90.00–55.00) 

kg 
0.301 

Median 
Duration of fever 

5.00(10.00–1.00) 
days 

6.50(14.00–2.00) 
days 

0.004 

Median Baseline 
CRP 

44.00(167.00–16.00) 
mg/dl 

53.50(141.00–13.00) 
mg/dl 

0.189 

 

After therapy, the complete clinical response in 
Meropenem alone Group 49(98.00%) was significantly 
higher than that in Meropenem + Azithromycin 
Group 38(76.00%) (p=0.001). Post-therapy completion 
parameters are demonstrated below in Table-II. 
 

Table-II: Comparison of Post-Therapy Parameters in Study 
Groups (n=100) 

Parameters 
“Meropenem 

Alone Group (A) 
(n = 50) 

“Meropenem + 
Azithromycin 

Group (B) (n = 50) 

p-
value 

Median Duration 
of hospital stay  

5.00(15.00–3.00) 
days 

7.50(15.00–5.00) 
days 

<0.001 

Median Post-
therapy CRP 

12.50(63.00–1.00) 
mg/dl 

17.00(63.00–2.00) 
mg/dl 

0.214 

Median Time to 
Defervescence 

3.50(12.00–2.00) 
days 

6.00(12.00–3.00) 
days 

<0.001 

Complete clinical 
response 

49(98.00%) 38(76.00%) 0.001 

 

DISCUSSION 

The XDR Salmonella typhi strain is a newly 
identified variant under the H58 lineage”.12,13 This 
lineage is characterized by the presence of plasmid-
mediated resistance mechanisms, including the 
extended-spectrum β-lactamase (ESBL) gene. These 
mechanisms confer resistance to various antibiotics, 
including first and second-line treatments.14 
Considerable seasonal changes have been observed in 

the association between typhoid fever and 
geographical regions across the globe.15 Drug-resistant 
enteric fever peaks have been observed in Pakistan 
throughout the months of May-June and October. The 
occurrence of monsoon rains in Pakistan characterizes 
both of these periods. A hypothesis suggests a 
correlation between seasonality and heightened 
consumption of locally produced beverages and ice 
cream that may be contaminated during the hot 
season. Additionally, it is proposed that drinking 
water may get contaminated with rainwater following 
the monsoon season, increasing the chances of 
contracting Salmonella infection.16 

In any case, when it comes to XDR enteric fever, 
antibiotic availability is quite limited, with only a few 
effective antibiotics being available for effectively 
treating such cases. Meropenem and Azithromycin are 
among those drugs. In this study, we observed that 
most patients were younger and were males. No 
statistical significance difference was observed 
between study Groups (p>0.05) regarding baseline 
characteristics. However, in terms of post-therapy 
parameters, such was not the case. It was observed 
that the duration of staying admitted at the hospital 
was significantly longer in patients who received a 
combination of Meropenem and Azithromycin. A 
similar finding was observed in a study conducted by 
Ishaque et al.,8 who reported that this hospital stay 
duration was shorter in those patients who received a 
single antibiotic. In terms of time to defervescence, it 
was found that the mean time to defervescence was 
shorter in the Meropenem alone Group as compared 
to the combination therapy Group, and the difference 
was significant statistically (p<0.001). A similar finding 
was observed by Ishaque et al.,8 However, contrarily, 
Qureshi et al.,9 reported no difference between 
Meropenem alone and Meropenem + Azithromycin 
combination in terms of time to defervescence with a 
median time to defervescence of 6.7 days in both the 
Groups.  

Regarding complete clinical response, both 
Meropenem and combination therapy proved effective 
in managing XDR enteric fever. Multiple studies have 
reported both (Meropenem as well as Azithromycin) 
to be highly effective treatment options for XDR 
Salmonella infection cases.17-19 However, upon 
comparison, it was observed that patients who were 
treated with Meropenem alone had a much higher 
percentage of achieving complete clinical response as 
compared to those treated with combination of 
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Meropenem with Azithromycin. Subsequently, 
treatment failure was also higher with combination 
therapy 12(24%) as compared to monotherapy with 
Meropenem 1(2%). These findings were congruent 
with those of Ishaque et al.,8 and Qureshi et al.,9 but 
were opposite to what was observed in a study 
conducted by Shahid et al.,10 who reported higher 
clinical response with combination therapy. 

Severe cases of enteric fever tend to result in 
catastrophic patient outcomes like death.20,21 
Therefore, effective, timely, and appropriate therapy 
must be ensured. Based on this study, monotherapy 
with Meropenem is a better option than its use in 
conjunction with Azithromycin. It is recommended 
that further studies with a larger population be 
conducted in this regard to establish the most ideal 
and effective treatment regimen for treating XDR 
enteric fever. 
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CONCLUSION 

The management of XDR Salmonella infection is 
complex due to the limited choice of antibiotics. Meropenem 
monotherapy is an effective treatment option for XDR 
enteric fever. It should be preferred over its combination 
with Azithromycin because of its shorter hospital stay, less 
defervescence time, and better clinical response. 

Conflict of Interest: None. 

Funding Source: None. 

Authors’ Contributions: 

Following authors have made substantial contributions to 
the manuscript as under: 

MA & SA: Data acquisition, data analysis, critical review, 
approval of the final version to be published. 

JA & NI: Study design, data interpretation, drafting the 
manuscript, critical review, approval of the final version to 
be published. 

AS & AN: Conception, data acquisition, drafting the 
manuscript, approval of the final version to be published. 

Authors agree to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved. 

REFERENCES 

1. John J, Bavdekar A, Rongsen-Chandola T, Dutta S, Gupta M, 
Kanungo S, et al.; NSSEFI Study Team. Burden of typhoid and 
paratyphoid fever in India. N Engl J Med 2023; 388(16): 1491-1500. 
https://doi.org/10.1056/NEJMoa2209449 

2. GBD 2017 Typhoid and Paratyphoid Collaborators. The global 
burden of typhoid and paratyphoid fevers: a systematic analysis 
for the Global Burden of Disease Study 2017. Lancet Infect Dis 
2019; 19(4): 369-381. 
https://doi.org/10.1016/S1473-3099(18)30685-6 

3. Abhilash KP, Jeevan JA, Mitra S, Paul N, Murugan TP, Rangaraj 
A, et al. Acute undifferentiated febrile illness in patients 
presenting to a tertiary care hospital in south India: Clinical 
spectrum and outcome. J Glob Infect Dis 2016; 8(4): 147-154. 
https://doi.org/10.4103/0974-777X.192966 

4. Rasheed MK, Hasan SS, Babar ZUD, Ahmed SI. Extensively drug-
resistant typhoid fever in Pakistan. Lancet Infect Dis 2019; 19(3): 
242-243.  
https://doi.org/10.1016/S1473-3099(19)30051-9 

5. Crump J. Progress in typhoid fever epidemiology. Clin Infect Dis 
2019; 68(1): 4–9.  
https://doi.org/10.1093/cid/ciy846 

6. Britto CD, Wong VK, Dougan G, Pollard AJ. A systematic review 
of antimicrobial resistance in Salmonella enterica serovar Typhi, 
the etiological agent of typhoid. PLoS Negl Trop Dis 2018; 12(10): 
e0006779.  
https://doi.org/10.1371/journal.pntd.0006779 

7. Akram J, Khan AS, Khan HA, Gilani SA, Akram SJ, Ahmad FJ, et 
al. Extensively drug-resistant (XDR) typhoid: evolution, preven-
tion, and its management. Biomed Res Int 2020; 6432580: 1-7. 

https://doi.org/10.1155/2020/6432580 

8. Ishaque S, Syed B, Dodani SK, Anwar S. Comparison of single vs 
combination drug therapy in extensively drug resistant 
salmonella typhi: an observational study from Pakistan. Infect 
Drug Resist 2022; 15: 6093-6100. 

https://doi.org/10.2147/IDR.S372136 

9. Qureshi S, Naveed AB, Yousafzai MT, Ahmad K, Ansari S, 
Lohana H, et al. Response of extensively drug resistant 
Salmonella Typhi to treatment with Meropenem and 
Azithromycin, in Pakistan. PLoS Negl Trop Dis 2020; 14(10): 
e0008682.  

https://doi.org/10.1371/journal.pntd.0008682 

10. Shahid S, Mahesar M, Ghouri N, Noreen S. A review of clinical 
profile, complications and antibiotic susceptibility pattern of 
extensively drug-resistant (XDR) Salmonella Typhi isolates in 
children in Karachi. BMC Infect Dis 2021; 21(1): 900: 9. 

https://doi.org/10.1186/s12879-021-06599-2 

11. Jabeen K, Saleem S, Jahan S, Nizamudin S, Arshad F, Huma ZE, 
et al. Molecular characterization of extensively drug resistant 
salmonella enterica serovar typhi clinical isolates from Lahore, 
Pakistan. Infect Drug Resist 2023; 16: 2987-3001. 

https://doi.org/10.2147/IDR.S406253  

12. Saeed N, Usman M, Khan EA. An overview of extensively drug-
resistant salmonella typhi from a tertiary care hospital in 
Pakistan. Cureus. 2019; 11(9): e5663.  
https://doi.org/10.7759/cureus.5663 

13. Feasey NA, Gaskell K, Wong V, Msefula C, Selemani G, 
Kumwenda S, et al. Rapid emergence of multidrug resistant, H58-
lineage Salmonella typhi in Blantyre, Malawi. PLoS Negl Trop Dis 
2015; 9(4): e0003748.  
https://doi.org/10.1371/journal.pntd.0003748 

https://doi.org/10.1056/NEJMoa2209449
https://doi.org/10.1016/S1473-3099(18)30685-6
https://doi.org/10.4103/0974-777X.192966
https://doi.org/10.1016/S1473-3099(19)30051-9
https://doi.org/10.1093/cid/ciy846
https://doi.org/10.1371/journal.pntd.0006779
https://doi.org/10.1155/2020/6432580
https://doi.org/10.2147/IDR.S372136
https://doi.org/10.1371/journal.pntd.0008682
https://doi.org/10.1186/s12879-021-06599-2
https://doi.org/10.2147/IDR.S406253
https://doi.org/10.7759/cureus.5663
https://doi.org/10.1371/journal.pntd.0003748


EExxtteennssiivveellyy  DDrruugg--RReessiissttaanntt  ((XXDDRR))  SSaallmmoonneellllaa 

Pak Armed Forces Med J 2024; 74(6):1731 

14. Klemm EJ, Shakoor S, Page AJ, Qamar FN, Judge K, Saeed DK, et 
al. Emergence of an extensively drug-resistant Salmonella 
enterica serovar typhi clone harboring a promiscuous plasmid 
encoding resistance to fluoroquinolones and third-generation 
cephalosporins. mBio 2018; 9(1): e00105-00118. 
https://doi.org/10.1128/mBio.00105-18 

15. Lin FY, Vo AH, Phan VB, Nguyen TT, Bryla D, Tran CT, et al. The 
epidemiology of typhoid fever in the Dong Thap Province, 
Mekong Delta region of Vietnam. Am J Trop Med Hyg 2000; 
62(5): 644-648. https://doi.org/10.4269/ajtmh.2000.62.644 

16. Siddiqui FJ, Rabbani F, Hasan R, Nizami SQ, Bhutta ZA. Typhoid 
fever in children: some epidemiological considerations from 
Karachi, Pakistan. Int J Infect Dis 2006; 10(3): 215-222. 
https://doi.org/10.1016/j.ijid.2005.03.010 

17. Exner M, Bhattacharya S, Christiansen B, Gebel J, Goroncy-
Bermes P, Hartemann P, et al. Antibiotic resistance: What is so 
special about multidrug-resistant Gram-negative bacteria? GMS 
Hyg Infect Control 2017; 12: 5.    
https://doi.org/10.3205/dgkh000290 

18. Munir T, Lodhi M, Ansari JK, Andleeb S, Ahmed M. Extended 
spectrum beta lactamase producing cephalosporin resistant 
salmonella typhi, reported from Rawalpindi, Pakistan. J Pak Med 
Assoc 2016; 66(8): 1035-1036. 

19. Effa EE, Bukirwa H. Azithromycin for treating uncomplicated 
typhoid and paratyphoid fever (enteric fever). Cochrane Database 
Syst Rev 2008; (4): CD006083. 

https://doi.org/10.1002/14651858.CD006083.pub2 

20. Parry CM, Thompson C, Vinh H, Chinh NT, Phuong LT, Ho VA, 
et al. Risk factors for the development of severe typhoid fever in 
Vietnam. BMC Infect Dis 2014; 14: 73. 

https://doi.org/10.1186/1471-2334-14-73 

21. Khalaf YJ, Alagha R. Fatal complications of extensive drug-
resistant typhoid fever: a case report. Cureus 2023; 15(6): e40672. 

https://doi.org/10.7759/cureus.40672 

 
 

https://doi.org/10.1128/mBio.00105-18
https://doi.org/10.4269/ajtmh.2000.62.644
https://doi.org/10.1016/j.ijid.2005.03.010
https://doi.org/10.3205/dgkh000290
https://doi.org/10.1002/14651858.CD006083.pub2
https://doi.org/10.1186/1471-2334-14-73
https://doi.org/10.7759/cureus.40672

