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Impact of an antimicrobial stewardship program on
colistin resistance in a tertiary care hospital in Pakistan:

a quasi-experimental study

Abstract

Background: Colistin is a last-resort antibiotic used against infections
caused by multidrug-resistant gram-negative organisms, particularly
carbapenem-resistant strains. Rising resistance to colistin is a significant
global concern. To address this, an Antimicrobial Stewardship (AMS)
Program was introduced in our hospital, including pre-authorization
protocols for colistin use.

Objective: To evaluate the prevalence of colistin-resistant organisms
and determine the impact of AMS implementation on their occurrence
and associated clinical outcomes.

Methods: We conducted a quasi-experimental study at a tertiary care
hospital in Pakistan, comparing data from 18 months before and after
AMS implementation. Adult patients (>18 years) with confirmed infec-
tions due to colistin-resistant Klebsiella pneumoniae, Pseudomonas
aeruginosa, or Acinetobacter spp. were included. Clinical and microbio-
logical data were analyzed to assess differences in organism prevalence,
mortality, and hospital stay duration.

Results: A total of 121 patients met inclusion criteria, with 45 (37.2%)
in the pre-AMS period and 76 (62.8%) in the post-AMS period. Klebsiella
pneumoniae was the most frequently isolated organism in both groups.
The overall in-hospital mortality rate was 34%, and the average length
of stay was approximately 20 days, with no significant differences
between periods. Despite AMS implementation, colistin resistance
prevalence did not decline.

Conclusion: While the AMS facilitated better identification and docu-
mentation of colistin-resistant infections, it did not significantly reduce
their prevalence or associated mortality. Strengthened stewardship
measures, continuous compliance monitoring, and alternative thera-
peutic strategies are needed to curb rising colistin resistance in high-
burden settings.
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Introduction

Antimicrobial resistance (AMR) has emerged as one of
the most pressing threats to global health, with multidrug-
resistant (MDR) gram-negative bacteria posing a particu-
larly formidable challenge [1]. The overuse and misuse
of antibiotics in both community and healthcare settings
have accelerated resistance development, leaving clini-
cians with limited therapeutic options for serious infec-
tions [2]. Among the few remaining agents effective
against carbapenem-resistant organisms is colistin, a
polymyxin antibiotic that has been revived as a last-line
treatment [3]. However, the rising incidence of colistin
resistance in various pathogens raises serious concerns
about the future of infection management in critically ill
patients [4].

Colistin resistance is especially concerning due to its as-
sociation with increased mortality, prolonged hospital
stays, and the risk of nosocomial outbreaks [5]. Surveil-
lance studies have shown an alarming trend in resistance
to colistin globally, particularly in regions with high anti-
microbial use and weak regulatory oversight [6], [7]. In
this context, Antimicrobial Stewardship (AMS) Programs
have gained recognition as essential tools to optimize
antibiotic prescribing, limit inappropriate use, and slow
the spread of resistance [8].

While there is growing global evidence of the effectiveness
of AMS in reducing antibiotic consumption and resistance
patterns, data specifically evaluating their impact on
colistin resistance remain sparse [9]. This is particularly
true in low- and middle-income countries (LMICs), includ-
ing Pakistan, where antibiotic misuse is widespread,
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diagnostic capabilities may be limited, and AMS infrastruc-
ture is still evolving [8], [10]. Pakistan bears a heavy
burden of MDR gram-negative infections, yet there is
limited data assessing the prevalence of colistin-resistant
organisms or the effectiveness of stewardship efforts in
containing them [11].

Given the reliance on colistin as a critical last-resort
therapy, understanding how stewardship measures influ-
ence resistance patterns is essential to inform clinical
practice and policy. Moreover, data from local healthcare
systems are needed to tailor AMS strategies that reflect
real-world resource limitations and microbial epidemi-
ology.

This study was therefore undertaken to evaluate the
prevalence of colistin-resistant gram-negative organisms
before and after the implementation of an Antimicrobial
Stewardship Program in a tertiary care hospital in
Pakistan. Additionally, we aimed to assess the clinical
outcomes associated with these infections, including
mortality and hospital stay duration, to determine
whether AMS introduction had a measurable impact on
infection burden and patient prognosis.

Methods
Study design and setting

This was a quasi-experimental, retrospective study con-
ducted at the Aga Khan University Hospital (AKUH), a
tertiary care teaching hospital located in Karachi,
Pakistan. The study aimed to assess the prevalence of
colistin-resistant gram-negative organisms before and
after the implementation of an Antimicrobial Stewardship
(AMS) Program. The AMS was formally introduced at AKUH
in October 2017 and remains an ongoing, multidisciplin-
ary institutional initiative.

Study period and population

Data were collected over a total duration of 36 months,
comprising 18 months before (April 1, 2016 to September 30,
2017) and 18 months after (October 1, 2017 to April 30,
2019) the implementation of the AMS. Adult patients
aged >18 years with confirmed infections caused by co-
listin-resistant Klebsiella pneumoniae, Pseudomonas
aeruginosa, or Acinetobacter spp. were included. Patients
with colonization (without clinical signs of infection) were
excluded based on a thorough review of clinical documen-
tation, laboratory parameters, and radiological data.

Description of the Antimicrobial
Stewardship (AMS) Program

The AMS at AKUH is a structured, multidisciplinary pro-
gram comprising infectious diseases (ID) specialists,
clinical pharmacists, microbiologists, and infection control
professionals. While the program oversees the rational
use of several high-priority antibiotics including car-

bapenems, linezolid, vancomycin, and colistin but it has
a specific focus on colistin due to its critical role in treat-
ing MDR gram-negative infections.

AMS interventions for colistin include:

* Mandatory pre-authorization: Prescribing colistin re-
quires approval from an ID consultant prior to initiation,
whether empirically or for culture-directed therapy.

¢ Prospective audit and feedback: Cases where colistin
is initiated are reviewed regularly by the stewardship
team to assess indication, dosing, duration, and poten-
tial de-escalation based on clinical response and mi-
crobiological data.

¢ Monitoring and reporting: The AMS routinely monitors
antibiotic utilization, resistance trends, and guideline
adherence, with regular feedback provided to clinical
departments.

These interventions aim to optimize colistin use, limit
unnecessary exposure, and reduce selection pressure
contributing to resistance.

Microbiological testing and identification

All isolates of K. pneumoniae, P. aeruginosa, and
Acinetobacter spp. exhibiting resistance to colistin during
the study period were included. Identification of isolates
was performed using the Analytical Profile Index (API
20E/NE, bioMérieux, France). For colistin susceptibility
testing, the VITEK® 2 system (bioMérieux, France) was
used until June 2018. Subsequently, the Broth Microdilu-
tion (BMD) method, as recommended by the Clinical and
Laboratory Standards Institute (CLSI), was adopted.

In our laboratory, BMD is the standard method used for
determining colistin minimum inhibition concentration
(MIC). The procedure is performed using microtiter plates
with cation-adjusted Mueller-Hinton broth, following
standardized protocols. Results are read after 18-24 hours
of incubation, similar to the timeframe used for disc dif-
fusion. Growth is assessed based on visible button
formation or haziness in the wells, with absence of hazi-
ness indicating no growth. The MIC is interpreted as one
dilution higher than the last well showing visible growth.
For example, if growth is observed up to the well contain-
ing 1 ug/mL, the reported MIC is recorded as 2 ug/mL.

Data collection and variables

Data were extracted from the HIMS database and micro-
biology laboratory records. Variables collected included
patient demographics, site and source of infection, comor-
bid conditions (assessed via Charlson Comorbidity Index),
severity of illness (measured by gSOFA score), length of
hospital stay, need for surgical intervention, and patient
outcomes (discharge, death, or discharge against medical
advice).
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Outcomes

The primary outcome was the frequency of colistin-resis-
tant gram-negative organisms before and after AMS im-
plementation.

Secondary outcomes includes site of infection, in-hospital
mortality, length of hospital stay and microbiological
profile by organism type.

Statistical analysis

Data were analyzed using SPSS version 23. Continuous
variables were summarized as means and standard devi-
ations (SD), while categorical variables were presented
as frequencies and percentages. Comparisons between
pre- and post-AMS groups were conducted using the
Student’s t-test for continuous variables and the Chi-
square test for categorical variables. A p-value of <0.05
was considered statistically significant.

Ethical considerations

The study was reviewed and approved by the Ethics Re-
view Committee of Aga Khan University Hospital (ERC No:
2019-1806-4547). Informed consent was waived due to
the retrospective nature of the data collection.

Results

A total of 270 patients were identified with colistin-
resistant organisms during the 36-month study period
(18 months before and after AMS implementation). After
excluding 104 colonizers and 45 patients under 18 years
of age, 121 adult patients with confirmed infections were
included in the final analysis. In the pre-AMS period, the
mean age was 53.7 years, while in the post-AMS period,
it was 54.2 years (p-value: 0.87). The majority of patients
were male (n: 90), with 31 in pre-AMS and 59 in post-
AMS periods (p-value: 0.28). Pre- and post-AMS demo-
graphics in relation to age, gender, and length of stay are
shown in Table 1.

Among the 121 patients, the most frequently isolated
organism in both periods was Klebsiella pneumoniae
(pre-AMS: 30; post-AMS: 52), followed by Acinetobacter
spp. (pre-AMS: 12; post-AMS: 20) (Figure 1). The most
common infection site was pneumonia (pre: 14.0% and
post: 32.2%). Other sites of infection include; tracheitis
(pre: 6.7%, post: 6.6%), cystitis (pre: 11.1%, post: 9.2%),
pyelonephritis (pre: 8.9%, post: 0%), skin and soft tissue
infections (pre: 8.9%, post: 6.6%), intra-abdominal ab-
scess (pre: 4.4%, post: 6.6%), surgical site infections (pre:
8.9%, post: 2.6%), central line associated infections (pre:
6.7%, post: 7.9%), cholangitis (pre: 0%, post: 3.9%), os-
teomyelitis (pre: 0%, post: 1.3%), necrotizing fasciitis (pre:
0%, post: 1.3%), nosocomial meningitis (pre: 0%, post:
1.3%), and neutropenia (pre: 2.2%, post: 0%).

The overall in-hospital mortality rate was 34% (n=42),
with Klebsiella pneumoniae infections contributing to the

highest number of deaths. Pneumonia was also associ-
ated with higher mortality in 20 patients (16.5%). Table 2
summarizes outcomes stratified by organism type.
In-hospital mortality remained high between the two time
periods, increasing slightly from 33.3% in the pre-AMS
period to 35.5% in the post-AMS period. This difference
was not statistically significant and may reflect higher
comorbidity and illness severity in the post-AMS group
(Figure 2).

The average length of hospital stay was similar across
both groups with 20.4+13.8 days in pre-AMS and
21.5+18.2 days in post-AMS periods. There was no sta-
tistically significant difference (p=0.74). Patients in the
post-ASP group had higher Charlson Comorbidity Index
(CCI) and gSOFA scores, suggesting a more critically ill
population. This may explain the unchanged mortality
despite AMS implementation (Figure 3).

Discussion

This study highlights a persistently high prevalence of
colistin-resistant organisms in a tertiary care setting,
despite the implementation of an AMS. Among the 121
patients analyzed, Klebsiella pneumoniae remained the
predominant pathogen in both the pre- and post-AMS
periods. Mortality rates were substantial and remained
unchanged post-intervention. Similarly, average hospital
stays were prolonged, indicating a sustained burden of
resistant infections.

The AMS introduced at our institution focused on multiple
high-priority antimicrobials, with specific measures target-
ing colistin use. While the program succeeded in standard-
izing prescribing practices through mandatory ID consulta-
tion, real-time audit, and controlled dispensing, its short-
term impact on reducing colistin resistance was limited.
This finding suggests that while stewardship structures
are necessary, their effect may depend heavily on
broader contextual factors including baseline resistance
rates, patient acuity, and systemic adherence.
Multidrug-resistant organisms (MDROs), particularly
Klebsiella pneumoniae and Acinetobacter spp., were
predominant in our patient population [12]. This aligns
with regional trends from South Asia, where overuse of
broad-spectrum antibiotics and poor infection control in-
frastructure contribute to increasing resistance [13].
Similarly, in our study drug resistant Klebsiella was the
predominant organism present in 82 out of 121 patients
(67.7%) followed by Acinetobacter species present in
32 patients (26.4%).

In terms of outcomes, both mortality and length of
hospital stay were high in patients with colistin-resistant
infections, irrespective of AMS status. The average hos-
pital stay exceeded 20 days in both groups, and mortality
remained around 34%. Post-AMS patients exhibited
higher severity scores (CCl and qSOFA), suggesting that
unchanged mortality rates may reflect a more critically ill
population rather than AMS ineffectiveness. A study by
Balkan et al. reported a 28-day mortality rate of 66%,
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Table 1: Demographics of patients admitted in pre- and post-AMS period

Pre-AMS Post-AMS p-value
N=45 (%) N=76 (%)
Age, in years (meantS.D.) 53.7+18.6 54.2+19.1 0.87
Length of stay, in days (mean+S.D.) 20.4+£13.8 21.5+18.2 0.74
Gender
Male 31 (68.9) 59 (77.6) 0.28
Female 14 (31.1) 17 (22.4)
6.7 53
‘ 263
26.7
Gt 68.4
POST AMS

PRE AMS
K. pneumonia =3
Acinetobacter spp. IR
P. aeruginosa —

Figure 1: Distribution of colistin-resistant organisms in pre- and post-AMS period

Table 2: Outcomes by organism type

Discharge DOR LAMA In-hospital
mortality
Klebsiella pneumonia | 42(65.6) 7(77.8) 3(50) 30(71.4) P“E)a'zuf**
Acinetobacter spp. 15(23.4) 2(22.2) 3(50) 12(28.6) ’
Pseudomonas 7(10.9) 0 0 0
aeruginosa

* DOR: discharge on request; LAMA: leave against medical advice
**p-value: comparison of in-hospital mortality across different organisms (<0.05 is significant)

Post AMS

Pre AMS

5 10 15 20 25

-

=
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Figure 2: Comparison of mortality rates in pre- and post-AMS periods
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Figure 3: Comparison of average CCl and qSOFA scores between pre- and post-AMS groups

with colistin resistance significantly associated with in-
creased 28-day mortality and prolonged hospital stay [14].
A key strength of this study is its focused design and the
inclusion of well-defined AMS metrics targeting colistin,
a last-line agent. This adds value to the limited body of
literature from LMICs evaluating stewardship effective-
ness in the face of rising colistin resistance. The study
also provides granular microbiological and clinical out-
come data from a high-burden region.

However, several limitations must be acknowledged. First,
the quasi-experimental design cannot fully account for
confounders such as changes in infection control prac-
tices or external outbreaks. Second, while the study
period post-AMS implementation was included, it may
still have been insufficient to capture a significant shift
in resistance patterns. Third, the sample size may not
have been large enough to overcome the effect of poten-
tial confounders. Moreover, without parallel strengthening
of infection prevention and control measures, AMS inter-
ventions alone may be limited in their impact, as clonal
spread of resistant organisms could overshadow potential
benefits of reducing selective pressure through restricted
antibiotic use. Finally, as this was a single-center study,
the findings may not be generalizable to other settings.
Future efforts should emphasize longer follow-up periods
and multi-institutional collaboration to monitor AMS ef-
fectiveness across varying settings. There is also a need
to integrate rapid diagnostic tools, resistance surveillance
systems, and stricter infection prevention protocols.
Policymakers must prioritize support for sustainable AMS
infrastructure in resource-limited environments to counter
the growing threat of antimicrobial resistance.

Conclusion

Colistin resistance among gram-negative pathogens re-
mains a significant challenge in hospital settings, with
substantial mortality and prolonged hospital stays.
Although AMS implementation facilitated more regulated
antibiotic use, its immediate impact on resistance trends
was limited. Continued investment in stewardship pro-
grams, coupled with broader infection control and surveil-
lance initiatives, is essential to combat rising antimicrobial
resistance in high-burden settings.
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