Comparative Analysis of Antimicrobial Resistance Patterns in ICU and Non-ICU Isolates from a Gujarat Surveillance Network, India: A Semi-Annual Antibiogram Study
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ABSTRACT 

	Aims: To compare antimicrobial resistance patterns between intensive care unit (ICU) and non-intensive care unit (non-ICU) isolates in hospitals participating in the Gujarat State surveillance network.
Study Design: Retrospective analytical surveillance study.
Place and Duration of Study: Hospitals enrolled in the Gujarat State Antimicrobial Resistance Surveillance Network, India, using semi-annual antibiogram data from July to December 2024.
Methodology: Aggregate antibiogram data were obtained from the Gujarat State Antimicrobial Resistance Surveillance Network. Three bacterial pathogens- Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus were included. Resistance proportions for clinically relevant antibiotics were compared between intensive care unit and non-intensive care unit inpatient isolates. Statistical analysis was performed using chi-square test. Odds ratios (OR) with 95% confidence intervals were calculated to assess the association between intensive care unit admission and antimicrobial resistance. Interpretation of findings is limited by the use of aggregated surveillance data without patient-level variables, isolate de-duplication or inter-hospital standardization adjustment.
Results: A total of 837 isolates were analyzed, including 300 intensive care unit and 537 non-intensive care unit isolates. Escherichia coli from intensive care units showed higher carbapenem resistance (41.0% vs 27.9%; OR = 1.79; P = 0.026). Klebsiella pneumoniae exhibited significantly greater resistance in ICU to piperacillin-tazobactam (69.0% vs 52.0%; OR = 2.06; P = 0.006) and carbapenems (imipenem: 48.0% vs 23.5%, OR = 3.01; P < 0.001). Methicillin resistance in Staphylococcus aureus was higher in ICU isolates (48.0% vs 34.6%; OR = 1.74; P = 0.029).
Conclusion: ICU isolates demonstrated significantly higher resistance to key antibiotics compared with non-ICU isolates, highlighting intensive care units as focal points for antimicrobial resistance and priority targets for stewardship and infection control interventions.
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1. INTRODUCTION

Antimicrobial resistance (AMR) has emerged as one of the most serious global public health challenges of the twenty-first century, undermining the effective treatment of infectious diseases and threatening advances in modern medicine (Salvia et al., 2023). In 2019 alone, AMR was directly responsible for an estimated 1.27 million deaths worldwide and contributed to nearly 5 million deaths overall, placing it among the leading causes of global mortality (Antimicrobial Resistance Collaborators, 2022). Projections suggest that without coordinated and sustained interventions, annual deaths attributable to drug-resistant infections could rise to 10 million by 2050, with substantial economic and health system consequences (Walsh et al., 2023). Surveillance-driven evidence is therefore essential to understand resistance trends, guide empiric therapy and inform antimicrobial stewardship and infection control strategies.
The burden of AMR is disproportionately concentrated in low income and middle-income countries, where high infectious disease prevalence, variable access to diagnostics and widespread antimicrobial use accelerate the emergence and spread of resistant organisms. India, in particular, is recognized as a major hotspot for antimicrobial resistance, reporting high resistance rates among common bacterial pathogens in both community and hospital settings (Pokharel et al., 2019). In response, India has strengthened its national surveillance framework through the National Programme on Antimicrobial Resistance Containment coordinated by the National Centre for Disease Control, contributing standardized data to the World Health Organization’s Global Antimicrobial Resistance Surveillance System. State-level surveillance networks now play a critical role in capturing regional resistance patterns, which are necessary because AMR epidemiology varies substantially across geographic and healthcare contexts (Singh et al., 2024).
Within hospitals, antimicrobial resistance is not uniformly distributed and marked differences are often observed between ICU and general inpatient wards. ICUs represent high-risk environments for the emergence and transmission of multidrug-resistant organisms due to frequent use of invasive devices, prolonged hospitalization, severity of illness and extensive exposure to broad-spectrum antimicrobials. Multiple studies from India and other settings have consistently shown higher resistance rates among intensive care unit isolates compared with non-intensive care unit isolates, particularly for Gram-negative organisms such as Klebsiella pneumoniae and Escherichia coli, as well as methicillin-resistant Staphylococcus aureus (National Centre for Disease Control [NCDC], NARS-Net Annual Report, 2023). These differences have important clinical implications, as pooled hospital antibiograms may obscure unit-specific resistance profiles and lead to inappropriate empiric antibiotic selection, especially in critically ill patients.
Despite the expansion of antimicrobial resistance surveillance in India, publicly available, state-level analyses comparing intensive care unit and non-intensive care unit resistance patterns remain limited. Gujarat, one of India’s major states with a large tertiary-care hospital network, established the Gujarat State Antimicrobial Resistance Surveillance Network to generate standardized antibiogram data across participating institutions. However, to date, these aggregated surveillance outputs have largely been used descriptively and comparative analyses stratified by hospital location of care are scarce. The absence of such analyses limits the ability of clinicians and policymakers to identify high-risk settings within hospitals and to tailor antimicrobial stewardship and infection control interventions accordingly.
Addressing this gap is particularly relevant for priority bacterial pathogens that contribute substantially to hospital-acquired infections and antimicrobial consumption. Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus are among the most frequently isolated organisms in Indian hospitals and are associated with severe infections in both intensive care and non-intensive care settings. Understanding how resistance patterns for these organisms differ between intensive care units and general wards using routinely collected surveillance data can provide actionable insights while avoiding the resource demands of patient-level studies. 
This study focuses on Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus as they are among the most frequently isolated bacterial pathogens in Indian hospitals and are prioritized organisms in national antimicrobial resistance surveillance programs. The analysis is based on routinely collected surveillance data and is intended to describe population-level resistance patterns rather than patient-level risk. Consequently, differences observed between hospitals or care settings may be influenced by institutional practices, laboratory methodologies and case-mix variation and should be interpreted with awareness of potential ecological fallacy.
This study aimed to compare antimicrobial resistance patterns between ICU and non-ICU isolates using semi-annual surveillance data from Gujarat.

2. material and methods 

2.1 Study Design and Data Source

This was a retrospective analytical surveillance study using aggregate antibiogram data generated by the Gujarat State Antimicrobial Resistance Surveillance Network (GUJSAR). Semi-annual surveillance data covering the period from 1 July to 31 December 2024 were analyzed.
GUJSAR is a state-wide antimicrobial resistance surveillance network comprising 22 tertiary care hospitals, including medical college hospitals and large civil hospitals across Gujarat, India. Participating hospitals routinely identify bacterial isolates and perform antimicrobial susceptibility testing using standard laboratory methods.
The GUJSAR semi-annual report provides aggregate counts of isolates tested and corresponding resistance percentages for each organism-antibiotic combination, stratified by hospital location, including intensive care units and non-intensive care inpatient departments. The dataset represents aggregated surveillance outputs rather than patient-level data, with each hospital contributing summarized results for the surveillance period. No individual patient identifiers were included or accessed.
The analysis was based on aggregated antimicrobial susceptibility data reported by participating hospitals. The dataset did not permit identification of individual patients or linkage of multiple isolates from the same patient.
The study was conducted in accordance with applicable ethical guidelines and the principles of the Declaration of Helsinki.

2.2 Study Organisms and Antibiotics

The analysis focused on Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus due to their high isolation frequency, clinical relevance and prioritization within national antimicrobial resistance surveillance programs. Six antibiotics per organism were selected based on clinical importance, availability of complete susceptibility data across hospitals and frequent use in empirical and definitive therapy. Colistin was included for Klebsiella pneumoniae owing to its role as a last-line therapeutic agent for carbapenem-resistant infections.
For Escherichia coli, the antibiotics analyzed were ceftriaxone, ciprofloxacin, gentamicin, piperacillin-tazobactam, imipenem and meropenem. For Klebsiella pneumoniae, the same agents were analyzed, with the addition of colistin due to its role as a last-resort therapy for carbapenem-resistant infections. For Staphylococcus aureus, the antibiotics included penicillin G, cefoxitin (as a surrogate marker for methicillin resistance), erythromycin, clindamycin, vancomycin and linezolid. Together, these agents represent the major antimicrobial classes relevant to the management of infections caused by these organisms.
[bookmark: _Hlk217079746]The primary outcome measure was the percentage of isolates resistant (%R) to each antibiotic among intensive care unit isolates compared with non-intensive care inpatient department isolates. An intensive care unit isolate was defined as an isolate recovered from a patient admitted to any intensive care unit, while a non-intensive care inpatient isolate was defined as one recovered from a hospitalized patient outside the intensive care setting.
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The primary outcome measure was the percentage of isolates resistant (%R) to each antibiotic among intensive care unit isolates compared with non-intensive care inpatient department isolates. An intensive care unit isolate was defined as an isolate recovered from a patient admitted to any ICU, while a non-intensive care inpatient isolate was defined as one recovered from a hospitalized patient outside the intensive care setting.
Antimicrobial susceptibility interpretations were based on Clinical and Laboratory Standards Institute (CLSI) guidelines applicable at the time of testing. Intermediate susceptibility results were classified as resistant for analytical consistency.

2.4 Statistical Analysis

Comparisons between ICU and non-ICU isolates were performed using the chi-square test for independence. Fisher’s exact test was applied when any expected cell counts in a 2 × 2 contingency table was less than five. Sensitivity analysis was not performed, as the study was designed as a descriptive surveillance analysis rather than a patient-level inferential study.
Odds ratios with 95% confidence intervals were calculated to quantify the association between intensive care unit admission and antimicrobial resistance. All tests were two-tailed and the significance level was set at α = 0.05. Exact P values are reported, formatted as P = .026 or P < .001, as appropriate. All statistical analyses were conducted using IBM SPSS Statistics version 27. 


2.5 Laboratory Standardization and Data Limitations

Antimicrobial susceptibility testing was performed by participating laboratories as part of routine clinical practice following CLSI guidelines. However, uniform adoption of identical testing platforms, CLSI versions and quality control procedures across all 22 hospitals could not be independently verified. The aggregated nature of the dataset did not allow de-duplication of repeated isolates from the same patient. Therefore, findings are interpreted as population-level resistance trends rather than patient-level risk estimates.

3. results and discussion

3.1 Distribution of Isolates and Overall ICU-IPD Resistance Pattern 

During the six-month surveillance period (July-December 2024), 14,685 clinical bacterial isolates were reported to the Gujarat State Antimicrobial Resistance Surveillance Network from 22 participating hospitals. Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus were the three most frequently isolated pathogens.
For ICU versus non-intensive care inpatient department comparison, 837 isolates were analyzed, comprising 300 ICU isolates and 537 IPD isolates. For each organism, 100 isolates were derived from ICUs and 179 from IPDs, corresponding to 35.8% and 64.2% of the total analyzed dataset, respectively. The distribution of isolates by organism and hospital location is presented in Table 1.

Table 1. Distribution of bacterial isolates by location (ICU vs IPD)

	Organism
	ICU isolates
n (%)
	IPD isolates
n (%)
	Total isolates
n (%)

	Escherichia coli
	100 (35.8%)
	179 (64.2%)
	279 (100%)

	Klebsiella pneumoniae
	100 (35.8%)
	179 (64.2%)
	279 (100%)

	Staphylococcus aureus
	100 (35.8%)
	179 (64.2%)
	279 (100%)

	Total
	300 (35.8%)
	537 (64.2%)
	837 (100%)


Table 1 summarizes the distribution of E. coli, K. pneumoniae and S. aureus isolates between ICU and IPD settings, providing the framework for subsequent resistance comparisons. 

Across all three organisms, ICU isolates generally exhibited higher resistance proportions to most antibiotics compared with IPD isolates, although the magnitude and statistical significance of these differences varied by organism and drug class.
This distribution pattern is consistent with findings from Indian and international surveillance studies showing that intensive care units contribute disproportionately to the burden of antimicrobial-resistant infections despite representing a smaller fraction of hospital beds. Studies from Europe and North America have consistently reported higher resistance rates among ICU isolates than ward isolates, supporting the use of unit-specific antibiograms rather than pooled hospital data (Sader et al., 2013; Venkataraman et al., 2018).
Indian surveillance data further corroborate this trend. Reports from the Indian Council of Medical Research antimicrobial resistance surveillance network indicate that ICU isolates of major Gram-negative pathogens often demonstrate resistance rates 10-20 percentage points higher than those from non-ICU settings (Sader et al., 2013). The present findings from Gujarat align with these observations, suggesting that ICU-associated amplification of antimicrobial resistance is occurring at the state level.

3.2 Escherichia coli: ICU vs IPD Resistance

A total of 279 Escherichia coli isolates were analyzed, comprising 100 isolates from intensive care units and 179 isolates from non-intensive care inpatient departments. Comparative resistance data for six clinically relevant antibiotics are summarized in Table 2.
Carbapenem resistance was significantly higher among ICU isolates. Resistance to imipenem and meropenem was 41.0% in ICU isolates compared with 27.9% in IPD isolates (OR = 1.79, 95% CI 1.07-3.00; P = .026 for both drugs). No statistically significant ICU-IPD differences were observed for ceftriaxone, ciprofloxacin, gentamicin or piperacillin-tazobactam.
Table 2. ICU vs IPD antimicrobial resistance in Escherichia coli			
	Antibiotic
	ICU %R (n)
	IPD %R (n)
	OR
	95% CI
	p-value

	Ceftriaxone
	74.0 (74/100)
	67.0 (120/179)
	1.4
	0.81-2.41
	0.226

	Ciprofloxacin
	80.0 (80/100)
	74.3 (133/179)
	1.38
	0.76-2.51
	0.283

	Gentamicin
	40.0 (40/100)
	33.0 (59/179)
	1.36
	0.82-2.25
	0.239

	Piperacillin-Tazobactam
	65.0 (65/100)
	54.7 (98/179)
	1.54
	0.93-2.55
	0.096

	Imipenem
	41.0 (41/100)
	27.9 (50/179)
	1.79
	1.07-3.00
	0.026

	Meropenem
	41.0 (41/100)
	27.9 (50/179)
	1.79
	1.07-3.00
	0.026


Table 2 presents a comparison of antimicrobial resistance proportions between ICU and IPD Escherichia coli isolates across six clinically relevant antibiotics, along with corresponding odds ratios, 95% confidence intervals and exact P values.

The significantly higher carbapenem resistance observed among ICU E. coli isolates in this study is consistent with evidence from Indian hospital surveillance demonstrating higher carbapenem resistance in ICU isolates compared with non-ICU isolates (Gupta et al., 2006). Unit-level differences in resistance have also been reported across settings, supporting the use of unit-specific antibiograms rather than pooled hospital data when guiding empiric therapy (Archibald et al., 1997).
National surveillance data support the broader pattern of increasing carbapenem resistance. In a large Indian laboratory network analysis of bloodstream isolates (2008–2014), Gandra et al. (2016) reported a rising prevalence of carbapenem-resistant Escherichia coli, with higher resistance burdens noted in healthcare-associated contexts. Although ICU-specific stratification was not the focus of that study, these trends are compatible with the well-described concentration of carbapenem-resistant Enterobacterales in high-intensity hospital settings. Internationally, Logan and Weinstein (2017) summarized evidence that carbapenem-resistant Enterobacterales (including E. coli) are frequently associated with ICUs and other acute-care environments, reflecting global patterns of resistance emergence and transmission.
In contrast, the high resistance to ceftriaxone and ciprofloxacin observed in both ICU and IPD isolates in the present study aligns with widespread reports of extended-spectrum β-lactamase-producing E. coli in India across hospital settings (Joshi et al., 2013; Walia et al., 2019). This suggests that resistance to older first-line agents is no longer limited to critical care environments.
Overall, the present findings reinforce existing evidence that ICU admission is associated with a higher likelihood of carbapenem-resistant E. coli infection and underscore the need for ICU-specific antibiograms to guide empiric therapy.
3.3 Klebsiella pneumoniae: ICU vs IPD Resistance	
A total of 279 Klebsiella pneumoniae isolates were included in the analysis, comprising 100 isolates from intensive care units and 179 isolates from non-intensive care inpatient departments. Resistance to multiple key antibiotics was higher among ICU isolates.
Piperacillin-tazobactam resistance was significantly higher in ICU isolates than in IPD isolates (69.0% vs 52.0%; OR = 2.06, 95% CI 1.23-3.45; P = .006). Marked differences were also observed for carbapenems. Imipenem resistance was 48.0% in ICU isolates compared with 23.5% in IPD isolates (OR = 3.01, 95% CI 1.79-5.08; P < .001), while meropenem resistance was 50.0% versus 25.1%, respectively (OR = 2.98, 95% CI 1.78-5.00; P < .001).
Differences in resistance to ceftriaxone (P = .118), ciprofloxacin (P = .064), gentamicin (P = .113) and colistin (P = .105) were not statistically significant.
Table 3. ICU vs IPD antimicrobial resistance in Klebsiella pneumoniae
	[bookmark: _Hlk217087191]Antibiotic
	ICU %R (n)
	IPD %R (n)
	OR
	95% CI
	p-value

	Ceftriaxone
	78.0% (78/100)
	69.3% (124/179)
	1.57
	0.89-2.78
	0.118

	Ciprofloxacin
	82.0% (82/100)
	72.1% (129/179)
	1.77
	0.96-3.24
	0.064

	Gentamicin
	46.0% (46/100)
	36.3% (65/179)
	1.49
	0.91-2.46
	0.113

	Piperacillin-Tazobactam
	69.0% (69/100)
	52.0% (93/179)
	2.06
	1.23-3.45
	0.006

	Imipenem
	48.0% (48/100)
	23.5% (42/179)
	3.01
	1.79-5.08
	<0.001

	Meropenem
	50.0% (50/100)
	25.1% (45/179)
	2.98
	1.78-5.00
	<0.001


Table 3 summarizes antimicrobial resistance proportions for ICU and IPD Klebsiella pneumoniae isolates across the tested antibiotics, along with odds ratios, confidence intervals and exact P values.
The significantly higher resistance to piperacillin–tazobactam and carbapenems among ICU Klebsiella pneumoniae isolates observed in this study is consistent with evidence from Indian surveillance demonstrating substantial and increasing carbapenem resistance among K. pneumoniae bloodstream isolates over time (Gandra et al., 2016). In ICU-focused hospital studies from India, high levels of multidrug resistance among K. pneumoniae have been repeatedly documented in critically ill, mechanically ventilated patients, consistent with strong selection pressure in critical care environments (Sharma et al., 2023).
The approximately three-fold higher odds of carbapenem resistance associated with ICU location in the present study also aligns with international evidence that Gram-negative isolates recovered in ICUs generally exhibit lower susceptibility than non-ICU isolates, supporting the use of unit-specific antibiograms for empiric therapy decisions (Sader et al., 2013; Logan and Weinstein, 2017). Finally, global ICU point-prevalence data show that infection is common in ICUs and that antibiotic exposure is widespread, providing a plausible ecological context for resistance selection and transmission in these settings (Vincent et al., 2020). 
The high resistance to third-generation cephalosporins and fluoroquinolones observed in both ICU and IPD isolates is consistent with the widespread prevalence of extended-spectrum β-lactamase–producing Klebsiella pneumoniae reported from Indian hospital surveillance studies (Pathak et al., 2012; Rath and Padhy, 2014). High ESBL rates in India have been associated with reduced susceptibility to these agents, reflecting sustained selective pressure from commonly used antimicrobials across hospital settings (Gandra et al., 2016). In contrast, the significantly higher resistance to piperacillin–tazobactam and carbapenems among ICU isolates suggests greater selective pressure from broad-spectrum antibiotic use in critical care environments (White et al., 2000; Logan and Weinstein, 2017). ICU-specific antimicrobial exposure and prolonged hospitalization are known to facilitate the emergence and persistence of carbapenem-resistant K. pneumoniae compared with general wards (Sader et al., 2013). Although colistin resistance remained infrequent, its detection among ICU isolates is concerning, as low-level emergence has preceded wider dissemination in healthcare settings (Pragasam et al., 2017). Overall, these findings support the use of ICU-specific antibiograms and targeted antimicrobial stewardship interventions (Bosso et al., 2013).
3.4 Staphylococcus aureus: ICU vs IPD Resistance
A total of 279 Staphylococcus aureus isolates were analyzed, including 100 from intensive care units and 179 from non-intensive care inpatient departments. Methicillin resistance, assessed using cefoxitin as a surrogate marker, was significantly higher among ICU isolates than IPD isolates (48.0% vs 34.6%; OR = 1.74, 95% CI 1.06-2.87; P = .029).
No statistically significant differences were observed for resistance to penicillin G (P = .342), erythromycin (P = .167) or clindamycin (P = .125). All IPD isolates were susceptible to vancomycin and linezolid, while one ICU isolate showed vancomycin non-susceptibility. No linezolid resistance was detected.
Table 4. ICU vs IPD antimicrobial resistance in Staphylococcus aureus
	Antibiotic
	ICU %R (n)
	IPD %R (n)
	OR
	95% CI
	p-value

	Penicillin
	88.0 (88/100)
	83.8 (150/179)
	1.42
	0.69-2.92
	0.342

	Cefoxitin (MRSA)
	48.0 (48/100)
	34.6 (62/179)
	1.74
	1.06-2.87
	0.029

	Erythromycin
	55.0 (55/100)
	46.4 (83/179)
	1.41
	0.87-2.31
	0.167

	Clindamycin
	38.0 (38/100)
	29.1 (52/179)
	1.5
	0.89-2.51
	0.125


Table 4 summarizes antimicrobial resistance patterns for ICU and IPD Staphylococcus aureus isolates, including odds ratios and exact P values.
The significantly higher prevalence of methicillin-resistant Staphylococcus aureus (MRSA) among ICU isolates in the present study is consistent with Indian surveillance evidence showing substantial methicillin resistance and higher MRSA recovery from inpatient and ICU settings compared with outpatients (Joshi et al., 2013). The concentration of MRSA in critical care environments is plausibly driven by healthcare-associated transmission, invasive device use and sustained antibiotic exposure, all of which increase colonization and infection pressure in ICUs.
International data similarly support the role of ICUs as amplification settings for healthcare-associated MRSA. In European ICU prevalence studies, MRSA has constituted a substantial proportion of ICU-acquired S. aureus infections, reinforcing the need for unit-focused prevention strategies (Chaix et al., 1999). The absence of widespread resistance to vancomycin and linezolid in this study is reassuring and aligns with Indian national surveillance and mechanistic reports indicating that vancomycin-non-susceptible or linezolid-resistant S. aureus remains uncommon, although sporadic VISA/VRSA cases have been described (Walia et al., 2019; Veeraraghavan and Walia, 2019). Accordingly, these findings support prioritizing ICU-specific antibiograms, reinforced infection control and targeted stewardship, with empiric anti-MRSA coverage guided by local unit-level susceptibility patterns (Joshi et al., 2013).
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[bookmark: _Hlk217088706]Fig. 1. Forest plot showing odds ratios (OR) with 95% confidence intervals for ICU-associated antimicrobial resistance compared with IPD isolates.

Forest plot showing odds ratios (with 95% confidence intervals) for antimicrobial resistance in ICU versus IPD isolates of Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus. Odds ratios greater than 1 indicate higher resistance associated with ICU isolates.

Figure 1 and Table 1 demonstrates that ICU location is consistently associated with higher odds of antimicrobial resistance across all three organisms, with the strongest associations observed for carbapenem resistance in Escherichia coli and Klebsiella pneumoniae and methicillin resistance in Staphylococcus aureus. Similar ICU-predominant resistance patterns have been reported in Indian hospital-based studies. Gupta et al. (2019) and Sharma et al. (2023) found significantly higher carbapenem resistance among ICU isolates of Enterobacteriaceae compared with non-ICU isolates, attributing this to intensive antibiotic exposure in critical care settings.
National surveillance data further support these findings. Gandra et al. (2016) reported rising carbapenem resistance among Klebsiella pneumoniae isolates in India, particularly in hospital-acquired and ICU-associated infections. Internationally, Logan and Weinstein (2017) identified intensive care units as primary reservoirs for carbapenem-resistant Enterobacteriaceae, consistent with the elevated odds observed in the present study.
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Fig. 2. Graph showing the Comparison of antimicrobial resistance prevalence (%) between ICU (N=300) and IPD (N=537) isolates across major pathogens.

Comparison of antimicrobial resistance percentages between ICU and IPD isolates for Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus. ICU isolates show consistently higher resistance for key antibiotic classes, particularly carbapenems and methicillin.

The higher prevalence of methicillin-resistant Staphylococcus aureus among ICU isolates observed in Figure 2 and Table 2 aligns with Indian study by Joshi et al. (2013), which documented higher MRSA rates in ICUs than general wards. Similar trends have been reported in multicenter European ICU surveillance studies (Vincent et al., 2020), underscoring the global consistency of ICU-associated MRSA burden.
Overall, the combined visual analysis reinforces that ICU admission is a major risk factor for antimicrobial resistance across multiple pathogens. High antimicrobial exposure in intensive care settings has been well documented in Indian hospitals. A recent prospective observational study from a tertiary care ICU in Gujarat reported frequent use of broad-spectrum and Watch-category antibiotics, including third-generation cephalosporins and carbapenems, often prescribed empirically and in combination therapy (Shukla et al., 2024). Such prescribing patterns create substantial selective pressure in critical care environments and provide a plausible contextual explanation for the higher resistance rates observed among ICU isolates in surveillance-based studies. These findings support recommendations for ICU-specific antibiograms and targeted antimicrobial stewardship strategies, rather than reliance on pooled hospital resistance data.

4. Conclusion

This comparative analysis of semi-annual surveillance data from Gujarat (July-December 2024) demonstrates that intensive care unit isolates of Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus exhibit higher antimicrobial resistance than isolates from non-intensive care inpatient departments. The most pronounced differences were observed for carbapenem resistance in E. coli and K. pneumoniae and methicillin resistance in S. aureus, indicating a concentration of multidrug-resistant pathogens within ICU settings.
These findings highlight the importance of stratifying antibiogram data by hospital location, as pooled hospital-wide resistance data may underestimate resistance levels in critical care units. The results underscore the need for ICU-specific empiric treatment guidelines and targeted antimicrobial stewardship and infection control measures. Overall, this study illustrates the utility of state-level surveillance networks in identifying high-risk settings for antimicrobial resistance and informing evidence-based clinical and public health decision-making.
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Table 1: odds ratios (OR) with 95% confidence intervals for ICU-associated antimicrobial resistance compared with IPD isolates.
	Antibiotic
	Organism
	OR
	Lower CI
	Upper CI
	Error Minus (OR - Lower)
	Error Plus (Upper - OR)
	Legend

	Imipenem
	Escherichia coli
	1.79
	1.07
	3
	0.72
	1.93
	Escherichia coli - Imipenem

	Meropenem
	Escherichia coli
	1.79
	1.07
	3
	0.72
	1.93
	Escherichia coli - Meropenem

	Piperacillin–Tazobactam
	Klebsiella pneumoniae
	2.06
	1.23
	3.45
	0.83
	2.22
	Klebsiella pneumoniae - Piperacillin -Tazobactam

	Imipenem
	Klebsiella pneumoniae
	3.01
	1.79
	5.08
	1.22
	3.29
	Klebsiella pneumoniae - Imipenem

	Meropenem
	Klebsiella pneumoniae
	2.98
	1.78
	5
	1.2
	3.22
	Klebsiella pneumoniae - Meropenem

	Cefoxitin (MRSA)
	Staphylococcus aureus
	1.74
	1.06
	2.87
	0.68
	1.81
	Staphylococcus aureus - Cefoxitin (MRSA)



Table 2: Comparison of antimicrobial resistance prevalence (%) between ICU (N=300) and IPD (N=537) isolates across major pathogens.
	Antibiotic
	ICU %R
	IPD %R

	Escherichia coli - Imipenem
	41
	27.9

	Escherichia coli - Meropenem
	41
	27.9

	Klebsiella pneumoniae - Piperacillin -Tazobactam
	69
	52

	Klebsiella pneumoniae - Imipenem
	48
	23.5

	Klebsiella pneumoniae - Meropenem
	50
	25.1

	Staphylococcus aureus - Cefoxitin (MRSA)
	48
	34.6
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