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ABSTRACT

Background: Drug resistant enteric fever has reduced reliable treatment options. The Medical
Microbiology and Infectious Diseases Society of Pakistan issued 2022 guidance that recommended

azithromycin and a carbapenem, but comparative outcome evidence remains limited.

Objective: to Compare mean duration of treatment after meropenem versus azithromycin in culture positive

resistant salmonellosis.

Methods: A randomized controlled trial was conducted in the Department of Medicine, Khyber Teaching
Hospital, Peshawar, from 8 March 2024 to 7 September 2024. Ninety-six adults aged 20 to 60 years with
drug resistant enteric fever were randomized by blocked allocation. Group A received intravenous
meropenem 60 mg/kg/day in three divided doses, maximum 1 g per dose. Group B received oral
azithromycin 20 mg/kg/day in two divided doses, maximum 1000 mg/day. Standard supportive care
included antipyretics and intravenous fluids. Treatment duration was defined as days from starting
antibiotics to clinical response. Clinical response was defined as defervescence, measured as time to body
temperature below 38°C for more than 48 hours. Mean treatment duration was compared between groups

using SPSS version 25.
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Results: Mean age was 43.88 + 10.19 years in the azithromycin group and 40.83 + 11.24 years in the
meropenem group. Men comprised 29 (60.4%) and 23 (47.9%). Typhoid vaccination was reported in 6
(12.5%) and 5 (10.4%). Mean treatment duration was 4.31 £ 1.33 days with azithromycin and 6.77 £ 1.27
days with meropenem, p<0.001.

Conclusion: Azithromycin produced faster fever clearance than meropenem in adults with culture

confirmed resistant salmonellosis in this setting.

Keywords: Enteric fever, azithromycin, meropenem, resistant salmonellosis, effectiveness.
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Introduction

Enteric fever is a systemic infection caused by Salmonella enterica serovar Typhi and Salmonella enterica
serovar Paratyphi A, B, and C (1). The World Health Organization estimates the global burden at 11 to 21
million cases each year with roughly 128,000 to 161,000 deaths (2). International travel and antimicrobial
resistance have expanded the threat beyond low- and middle-income countries (3). In the subcontinent,
Pakistan reports higher incidence than India, and enteric fever still carries a measurable worldwide case

fatality rate with higher risk in children, older people, and populations in resource poor settings (4).

Public health and hygiene improvements reduced enteric fever in many developed settings, yet the disease
remains endemic in many developing countries (5). Infection usually follows ingestion of an infecting dose
through contaminated water or food. Person to person transmission occurs through poor hygiene and
sewage contamination of water supplies (6). Limited potable water and improper sanitation sustain

transmission and concentrate burden in resource-limited regions (7).

Treatment has changed as resistance expanded. Earlier outpatient care relied on chloramphenicol,
ampicillin or amoxicillin, and trimethoprim-sulfamethoxazole (8). Plasmid-mediated multidrug resistance
to these agents emerged in the late 1980s and spread across countries (9). Fluoroguinolones such as
ciprofloxacin then became common choices, but low-level and high-level resistance became widespread in
South Asia, reducing reliability (10). Third-generation cephalosporins such as ceftriaxone and cefixime

remained effective options for many patients, including children (11).

Azithromycin became a widely used oral option over the last two decades, yet reports now describe sporadic
resistance and treatment failure (12). When resistance narrows remaining choices, clinicians may turn to
carbapenems such as meropenem. Local outcome data comparing these limited options remains necessary
for practical prescribing decisions in resistant, culture-confirmed disease (13). A prior cited estimate
reported mean treatment duration of 8.1 + 2.5 days after meropenem and 6.6 £ 2.7 days after azithromycin
(14). Pakistan guidance from the Medical Microbiology and Infectious Diseases Society of Pakistan in 2022
recommended azithromycin and a carbapenem as treatments of choice, based on antimicrobial sensitivity

patterns, but called for outcome studies under these constrained options (15).
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This context supports comparative evaluation of meropenem and azithromycin in culture positive resistant

salmonellosis, using time to clinical response as a pragmatic endpoint for hospital care (16)

Materials and Methods

Study design

A randomized controlled trial was conducted
Study setting and period

The trial took place in the Department of Medicine, Khyber Teaching Hospital, Peshawar, from 8 March
2024 to 7 September 2024.

Participants and sampling

Participants were enrolled through non-probability consecutive sampling from the medical outpatient

department and medical wards.
Case definitions and operational definitions
Enteric fever

Febrile illness with temperature at least 38.5°C for more than 4 days, no obvious source of infection, plus
at least two clinical features including abdominal tenderness, hepatomegaly, splenomegaly, or rose spots,

with positive blood culture for Salmonella Typhi (17).

Extensively drug resistant enteric fever
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Blood culture confirmed S. Typhi with resistance to five antibiotic classes including ampicillin,
chloramphenicol, trimethoprim-sulfamethoxazole, a fluoroquinolone, and a third-generation cephalosporin

including ceftriaxone or cefixime (18).
Duration of treatment

Days from starting antibiotics to clinical response. Clinical response was defined as defervescence,

measured as time from first recorded fever to body temperature below 38°C for more than 48 hours (19).
Body mass index

Height was measured using a wall-mounted height meter and weight using a digital scale. BMI was

calculated as weight in kilograms divided by height in meters squared (20).
Eligibility criteria
Inclusion criteria

e Adults aged 20 to 60 years.

e Both sexes.

e Extensively drug resistant enteric fever as defined above.
Exclusion criteria

e History or record of allergy to azithromycin or meropenem.

e Major complications of typhoid fever including pneumonia, intestinal hemorrhage or perforation,
shock, or coma based on clinical examination.

e Inability to swallow oral medication due to enteric encephalopathy.

e Significant underlying illness including heart disease, asthma requiring chronic medications, or

immunodeficiencies based on record and clinical examination.

Sample size
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Sample size was calculated using a WHO formula with 95% confidence interval and 80% power, using
expected treatment duration values of 8.1 + 2.5 days for meropenem and 6.6 + 2.7 days for azithromycin.

The required sample was 96 participants, 48 per group (21).
Ethical approval and consent

Approval was obtained from the hospital ethical committee (Ref No: 674/DME/KMC). Written informed
consent was obtained after explaining purpose, benefits, and risks. Data were stored securely to maintain
confidentiality.

Randomization and allocation
Allocation to two groups was done using blocked randomization.
Interventions

Group A received intravenous meropenem 60 mg/kg/day in three divided doses, maximum 1 g per dose.
Group B received oral azithromycin 20 mg/kg/day in two divided doses, maximum 1000 mg/day. Standard

supportive care included antipyretics and intravenous fluids.
Follow-up and clinical assessment

Clinical status was recorded every 6 hours to assess efficacy using the operational definition of clinical
response. Non-responders were managed according to hospital protocols. Data were recorded on a

structured proforma (22).
Outcomes

Primary outcome: Mean duration of treatment in days, defined as time from antibiotic initiation to

defervescence as operationalized above.
Effectiveness measure: Time to defervescence and normalization of temperature.

Statistical analysis
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Data were entered and analyzed using SPSS version 25. Quantitative variables were summarized as mean
and standard deviation. Normality was assessed using the Shapiro—-Wilk test. For non-normal distributions,
median and interquartile range were reported. Mean duration of treatment was compared between groups
using an independent t test or Mann—-Whitney U test as appropriate. Statistical significance was set at p
value 0.05 or less. Categorical variables were presented as frequency and percentage. Stratification was
done by age, sex, BMI, vaccination status, residence, profession, educational level, socioeconomic status,
and symptom duration, followed by post-stratification testing using the same approach and the same p value
threshold.

Results
Participants and baseline profile

A total of 96 participants were analyzed, 48 per group. Mean baseline age was 43.88 + 10.19 years in the
azithromycin  group and 40.83 + 1124 years in the meropenem  group.
Mean baseline fever duration was 4.08 + 140 days vs 5.02 + 125 days.
Mean BMI was 24.05 + 2.50 kg/m? vs 24.71 + 2.90 kg/m?2.

Table 1. Baseline continuous characteristics

Variable Azithromycin Mean = SD Meropenem Mean £ SD
Age years 43.88 +10.19 40.83+11.24

Fever duration days 4.08£1.40 5.02+1.25

BMI kg/m? 24.05 £ 2.50 24.71 £2.90

Table 2. Baseline categorical characteristics

Characteristic Category Azithromycin n (%) Meropenem n (%)
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40 or below 21 (43.8) 24 (50.0)

Age group More than 40 27 (56.3) 24 (50.0)

Male 29 (60.4) 23 (47.9)

Gender Female 19 (39.6) 25 (52.1)

4 or below 31 (64.6) 19 (39.6)

Fever duration group More than 4 17 (35.4) 29 (60.4)

24.0 or below 30 (62.5) 32 (66.7)

BMI group More than 24.0 18 (37.5) 16 (33.3)
Vaccinated 6 (12.5) 5(10.4)

Typhoid vaccination Unvaccinated 42 (87.5) 43 (89.6)

Residence Rural 22 (45.8) 25 (52.1)

Urban 26 (54.2) 23 (47.9)

Matric or below 21 (43.8) 24 (50.0)

Education Above matric 27 (56.3) 24 (50.0)

Business 13 (27.1) 10 (20.8)

Profession Salaried job 25 (52.1) 23 (47.9)

Jobless 10 (20.8) 15 (31.3)

Fair 25 (52.1) 25 (52.1)

Socioeconomic status Poor 23 (47.9) 23 (47.9)
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Mean treatment duration was 4.31 + 1.34 days in the azithromycin group and 6.77 + 1.28 days in the

meropenem group, p<0.001. The mean difference was 2.46 days.

Table 3. Treatment duration by treatment arm

Outcome

Azithromycin n=48 Mean + SD

Meropenem n=48 Mean + SD

p value

Treatment duration days

431+1.34

6.77 £1.28

<0.001

Stratified results for treatment duration

Demographic strata

Table 4. Treatment duration stratified by age, gender, residence, education

Stratum Category Azithromycin Mean + SD Meropenem Mean £ SD | p value
40 or below 429+1.35 6.33+1.24 <0.001
Age More than 40 433+1.36 7.21+1.18 <0.001
Male 4.03+1.24 6.48 £ 1.47 <0.001
Gender Female 4.74 £1.41 7.04 £1.02 <0.001
Rural 4.09 +£1.07 6.84 +£1.31 <0.001
Residence | Urban 450 +1.53 6.70 £ 1.26 <0.001
Matric or below | 4.24 £1.26 6.67 £ 1.20 <0.001
Education “Apove matric | 4.37 £ 1.42 6.88  1.36 <0.001
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Discussion

This randomized controlled trial compared azithromycin and meropenem for culture confirmed resistant
salmonella infection. Treatment duration was shorter with azithromycin than meropenem. Time to

defervescence occurred earlier with azithromycin.

Evidence for meropenem in enteric fever remains limited and inconsistent. A literature search described
five fluoroquinolone resistant S Typhi cases treated with meropenem alone or as part of combination
therapy. Only two achieved defervescence within the expected range on meropenem alone. Three required

addition of another antimicrobial to achieve defervescence (23).

Azithromycin evidence is stronger. Multiple clinical trials have shown defervescence within the expected
range on azithromycin-based therapy (24). A cited comparative study reported longer fever clearance time
with azithromycin than ceftriaxone, but the pattern differed from this dataset where earlier defervescence

occurred with azithromycin compared with meropenem (25).

Biology supports the focus on intracellular antimicrobial activity. S Typhi can persist and replicate inside
macrophages after invasion (26). Azithromycin intracellular accumulation, biliary secretion, and long half-
life were cited as features that support effectiveness against intracellular infections such as enteric fever

(27). This mechanism fits earlier defervescence with azithromycin in the trial.

Meropenem outcomes remain harder to predict. Four cited case reports described relapse or need for
augmentation when meropenem was used alone, with proposed explanations that included limited
intracellular penetration and bacterial tolerance or persistence (28). Favorable outcomes were also cited in
XDR typhoid treated with meropenem, supporting continued use when oral therapy is not suitable.
Meropenem stability against ESBLs and broad-spectrum activity were cited as reasons that may support

clearance (29).

Combination therapy often appears in practice when options narrow. This trial recorded treatment failures
in patients treated with meropenem plus azithromycin, with systemic complications and one death,
attributed to delayed presentation and poor clinical status at arrival (30 Published evidence reported that

ceftriaxone plus azithromycin reduced fever clearance times, while no study was found assessing
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synergistic action of meropenem with azithromycin for enteric fever (31). Case reports also suggested

combining meropenem with another antimicrobial for fluoroquinolone resistant and XDR typhoid (32).

A treatment failure occurred in the azithromycin only group due to persistent fever despite recommended
dose and duration. Fever resolved after extending therapy by five days. No immunosuppression,
complication, or noncompliance was recorded (33). This trial’s failure proportion aligned with earlier

azithromycin trials that reported overall efficacy (34).

Baseline fever duration differed between groups at enrollment. Fever duration averaged 4.08 = 1.40 days
in the azithromycin group and 5.02 + 1.25 days in the meropenem group. This imbalance may have

contributed to longer time to sustained normothermia in the meropenem arm.

Clinical decision making can also extend meropenem courses. Longer meropenem duration was attributed
to concern about relapse and to a treatment failure that required extension of therapy, which increased the
mean duration (35). Meropenem duration guidance relied on limited case reports, including courses of 10
days and 22 days, showing wide variance in time to fever clearance (36). Meropenem treatment duration in
this trial was similar to ceftriaxone duration reported in past clinical trials. The explanation linked this to
bactericidal action and short half-lives, with cited half-life values of 60 minutes for meropenem and 330

minutes for ceftriaxone (37).

A cost comparison estimated an average daily cost of US$88.46 for meropenem compared with US$5.87
for azithromycin, and stated that higher cost can deter access to optimal therapy in lower socioeconomic

groups (38). Oral availability also supports azithromycin use in clinically stable patients.

Limitations
Single center recruitment limits generalizability. Baseline fever duration differed between arms and may
have biased treatment duration. The study focused on short term clinical response and did not document

relapse or bacteriologic clearance beyond the defervescence endpoint.
Conclusion

Azithromycin achieved faster sustained defervescence than meropenem in adults with culture confirmed

resistant salmonellosis. Both regimens produced clinical response. Azithromycin offers oral delivery and
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lower cost. Meropenem remains important when oral therapy is not possible or complications occur. Larger

multicenter randomized trials should confirm outcomes and guide treatment protocols.
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