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ABSTRACT 
Background: Surgical site infections (SSIs) following lower segment cesarean section pose a 
significant health burden in low-income populations, yet comprehensive data on risk factors, 
microbial profiles, and antibiotic resistance patterns remain limited. This study aimed to 
investigate these aspects to inform evidence-based prevention and management strategies. 
Methods: A prospective cohort study was conducted from January 2022 to October 2022 
following 423 women who underwent cesarean section. Participants were monitored for 30 
days post-surgery. Microbiological sampling and antibiotic susceptibility testing were 
performed for all suspected SSI cases. Risk factors were analyzed using multivariate logistic 
regression. 
Results: The overall SSI incidence was 12.5% (53/423). Significant risk factors included 
obesity (adjusted OR 2.84, 95% CI 1.62-4.98), diabetes mellitus (adjusted OR 2.31, 95% CI 
1.28-4.16), and prolonged operative time (adjusted OR 1.95, 95% CI 1.13-3.37). 
Staphylococcus aureus (28.1%) and Escherichia coli (23.4%) were the predominant pathogens. 
High resistance rates were observed for commonly used antibiotics, with over 60% of gram-
negative isolates resistant to third-generation cephalosporins. SSI cases had significantly longer 
hospital stays (mean difference 4.2 days) and incurred additional costs of Rupees 2,845 per 
case. 
Conclusions: This study demonstrates a substantial burden of post-cesarean SSIs in low-
income populations, characterized by high antibiotic resistance rates and significant healthcare 
costs. The identified risk factors suggest potential areas for targeted interventions. These 
findings emphasize the need for context-specific prevention strategies and antimicrobial 
stewardship programs in resource-limited settings. 
 
Keywords: Surgical site infection, cesarean section, antibiotic resistance, risk factors, low-
income population, microbial profile, healthcare costs 
 

 
INTRODUCTION 

Surgical site infections (SSIs) following cesarean section represent a significant global 
health concern, particularly in low-income settings where they contribute substantially to 
maternal morbidity and mortality [1]. Cesarean section, while often life-saving, is one of the 
most common major surgical procedures worldwide, with rates continuing to rise over the past 



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol 13: Issue 8 

www.healthinformaticsjournal.com 

Open Access

2705 

 

 

decades [2]. In low-income populations, the risk of SSIs following cesarean delivery is 
estimated to be 2-20 times higher than in high-income settings [3]. 

The multifactorial nature of SSIs following cesarean section encompasses patient-
related factors, perioperative conditions, and healthcare system challenges [4]. In resource-
limited settings, these challenges are often compounded by inadequate infection prevention 
practices, limited access to prophylactic antibiotics, and suboptimal sterility maintenance [5]. 
Furthermore, the emergence of antibiotic-resistant pathogens has complicated the management 
of these infections, leading to prolonged hospital stays, increased healthcare costs, and 
potentially severe complications [6]. 

The microbial profile of post-cesarean SSIs typically includes a mix of gram-positive 
and gram-negative bacteria, with increasing reports of multidrug-resistant organisms [7]. 
Understanding the local patterns of antimicrobial resistance is crucial for developing effective 
treatment protocols and implementing appropriate preventive measures [8]. This is particularly 
relevant in low-income settings where routine microbiological surveillance may be limited, and 
empirical antibiotic choices often rely on historical or regional data [9]. 

Despite the significant impact of post-cesarean SSIs on maternal health outcomes, there 
is limited comprehensive data from low-income populations that simultaneously examines risk 
factors, microbial profiles, and antibiotic resistance patterns [10]. This knowledge gap hampers 
the development of targeted interventions and evidence-based guidelines specific to resource-
limited settings. Additionally, the economic burden of SSIs on already stretched healthcare 
systems and vulnerable populations necessitates a thorough understanding of preventable risk 
factors and optimal management strategies [11]. 

 
MATERIALS AND METHODS 
Study Design and Setting  

A prospective cohort study was conducted from January 2022 to October 2022 
Shivamogga Institute of Medical Science, a tertiary care facility serving predominantly low-
income populations. The study was approved by the institutional ethics committee, and written 
informed consent was obtained from all participants [12]. 
Study Population  

All women undergoing lower segment cesarean section (LSCS) during the study period 
were eligible for inclusion. Patients were excluded if they had pre-existing infections, were 
immunocompromised, or underwent emergency cesarean section due to severe fetal distress 
requiring immediate intervention [13]. A systematic random sampling technique was employed 
to select participants. 
Sample Size Calculation  

The sample size was calculated using the formula for cohort studies, considering the 
prevalence of SSIs in previous studies (13.2%), with a confidence level of 95% and a margin 
of error of 5% [14]. The final sample size was adjusted for an anticipated dropout rate of 10%. 
Data Collection  

Standardized data collection forms were used to gather information on: 
1. Demographic characteristics 
2. Medical and obstetric history 
3. Pre-operative risk factors 
4. Intraoperative variables 
5. Post-operative care details [15] 

Patients were followed up for 30 days post-surgery through hospital visits and 
telephone contacts when necessary. SSI was defined according to the Centers for Disease 
Control and Prevention (CDC) criteria [16]. 
Microbiological Methods  
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When SSI was suspected, wound swabs were collected using sterile techniques [17]. 
Samples were processed within 2 hours of collection in the hospital's microbiology laboratory. 
Cultural identification was performed using standard microbiological procedures [18]. 
 
 
Antimicrobial Susceptibility Testing  

Antibiotic susceptibility testing was conducted using the Kirby-Bauer disk diffusion 
method following Clinical and Laboratory Standards Institute (CLSI) guidelines [19]. Multiple 
drug resistance (MDR) was defined as resistance to three or more classes of antibiotics [20]. 
Statistical Analysis  

Data were analyzed using SPSS Ver 29. Categorical variables were presented as 
frequencies and percentages, while continuous variables were expressed as means ± standard 
deviation or median with interquartile range based on the distribution of data [21]. 

Univariate analysis was performed to identify potential risk factors. Variables with p < 
0.2 in univariate analysis were included in multivariate logistic regression analysis. Adjusted 
odds ratios with 95% confidence intervals were calculated. Statistical significance was set at p 
< 0.05 [22]. 
Quality Control Measures To ensure data quality: 

 Research assistants were trained on standardized data collection procedures 
 Regular monitoring of data collection was performed 
 Laboratory procedures followed standard operating protocols 
 External quality control was performed for microbiological testing [23] 

Ethical Considerations  
The study adhered to the Declaration of Helsinki principles. Patient confidentiality was 

maintained through coded identifiers, and data was stored securely. Participants were informed 
of their right to withdraw at any time without affecting their care [24]. 
 
RESULTS 
Demographic and Clinical Characteristics  

Among the population 423 met the inclusion criteria and were followed up for 30 days 
postoperatively. The mean age of participants was 28.3 ± 5.2 years. The overall incidence of 
SSI was 12.5% (53/423). 

Table 1. Baseline Characteristics of Study Participants (N=423) 
Characteristic No SSI (n=370) SSI (n=53) P-value 
Age (years)* 27.9 ± 5.1 29.8 ± 5.4 0.028 
BMI (kg/m²)* 24.3 ± 3.8 27.1 ± 4.2 0.001 
Parity** 2 (1-3) 2 (1-4) 0.342 
Gestational age (weeks)* 38.2 ± 1.8 38.5 ± 1.9 0.276 
Duration of labor (hours)** 8 (6-12) 12 (8-16) 0.003 
*Mean ± SD; **Median (IQR) 
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Fig 1: Age-wise distribution of SSI incidences 

 
Risk Factors Analysis  

Multiple preoperative, intraoperative, and postoperative factors were associated with 
SSI development. 

Table 2. Risk Factors for Surgical Site Infection - Multivariate Analysis 
Risk Factor Adjusted OR 95% CI P-value 
BMI >30 kg/m² 2.84 1.62-4.98 <0.001 
Diabetes mellitus 2.31 1.28-4.16 0.005 
Duration of surgery >60 min 1.95 1.13-3.37 0.016 
Emergency cesarean 2.12 1.24-3.62 0.006 
Multiple vaginal examinations 1.78 1.05-3.02 0.032 

 

 
Fig 2: Forest Plot of Risk Factors for Surgical Site Infection 

Microbial Profile  
Of the 53 SSI cases, successful bacterial isolation was achieved in 48 cases (90.6%). 

Polymicrobial infections were observed in 13 cases (27.1%). 
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Table 3. Distribution of Bacterial Isolates (N=64) 
Organism n (%) 
Staphylococcus aureus 18 (28.1) 
Escherichia coli 15 (23.4) 
Klebsiella species 12 (18.8) 
Pseudomonas aeruginosa 8 (12.5) 
Enterococcus species 7 (10.9) 
Others 4 (6.3) 

 
Antibiotic Resistance Patterns  

The analysis of antibiotic susceptibility revealed concerning patterns of resistance. 
Table 4. Antibiotic Resistance Patterns of Major Isolates 

Antibiotic S. aureus (n=18) E. coli (n=15) Klebsiella sp. (n=12) 
Ampicillin 14 (77.8%) 13 (86.7%) 11 (91.7%) 
Ceftriaxone 8 (44.4%) 9 (60.0%) 8 (66.7%) 
Gentamicin 5 (27.8%) 6 (40.0%) 5 (41.7%) 
Ciprofloxacin 7 (38.9%) 8 (53.3%) 7 (58.3%) 
Imipenem 2 (11.1%) 3 (20.0%) 3 (25.0%) 

 

 
Values represent percentages of isolates. R: Resistant, I: Intermediate, S: Susceptible. 

Each organism's resistance pattern is shown as a separate stacked bar. 
Fig 3: Antibiotic Resistance Patterns by Organism 

Clinical Outcomes  
The mean length of hospital stay was significantly longer in patients who developed 

SSI (8.4 ± 3.2 days) compared to those without SSI (4.2 ± 1.3 days, p<0.001). Two patients 
(3.8%) with SSI required intensive care admission, and no mortality was recorded. 
Cost Analysis  

The mean additional cost incurred due to SSI was Rupees 2,845 ± 892, primarily 
attributed to extended hospital stay, additional antibiotic therapy, and wound care. 
 
DISCUSSION 
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This prospective cohort study provides significant insights into the burden, risk factors, 
microbial profile, and antibiotic resistance patterns of surgical site infections following 
cesarean section in a low-income population. The observed SSI incidence of 12.5% falls within 
the range reported by previous studies in similar settings, though it is notably higher than rates 
reported in high-income countries. Nguhuni et al. reported a comparable SSI rate of 13.2% in 
Tanzania [25], while studies from developed nations typically report rates between 2-4% [26]. 

The identification of obesity as a significant risk factor (adjusted OR 2.84, 95% CI 1.62-
4.98) aligns with findings from multiple previous investigations. A large multicenter study by 
Johnson et al. demonstrated that each 5-unit increase in BMI was associated with a 20% higher 
risk of SSI [27]. The physiological basis for this association likely involves reduced tissue 
oxygenation and altered immune response in adipose tissue, as demonstrated by Williams and 
colleagues [28]. 

The prolonged duration of surgery emerged as an independent risk factor, consistent 
with findings from Zhang et al., who reported a 2.3-fold increased risk when operative time 
exceeded 60 minutes [29]. This association might be attributed to increased tissue exposure, 
tissue manipulation, and potential breaks in sterile technique during lengthy procedures [30]. 

Our microbiological findings reveal a predominance of Staphylococcus aureus (28.1%) 
among isolated organisms, followed by Escherichia coli (23.4%). This pattern differs 
somewhat from a systematic review by Thompson et al., which found E. coli to be the most 
common isolate in low-income settings [31]. The high proportion of gram-negative organisms 
in our study population might reflect the local bacterial ecology and healthcare environment, 
as suggested by recent surveillance studies [32]. 

The antibiotic resistance patterns observed in our study are particularly concerning. The 
high resistance rates to commonly used antibiotics, especially among gram-negative 
organisms, mirror the growing global challenge of antimicrobial resistance. Similar resistance 
patterns were reported by Kumar et al. in their multi-center study across resource-limited 
settings [33]. The observed resistance to third-generation cephalosporins (60-67% among 
gram-negative isolates) is particularly alarming, as these antibiotics often serve as first-line 
empirical therapy [34]. 

The economic impact of SSIs demonstrated in our study, with an average additional 
cost of Rupees 2,845 per case, represents a substantial burden in a low-income setting. This 
finding is comparable to data from Rodriguez et al., who reported additional costs of USD 
2,700 per SSI case in a similar socioeconomic context [35]. These costs, primarily driven by 
extended hospital stays and additional antibiotic therapy, can be catastrophic for families in 
resource-limited settings [36]. 

The significantly longer hospital stay among SSI patients (mean difference 4.2 days) 
not only increases healthcare costs but also impacts hospital efficiency and bed availability. 
Similar findings were reported by Chen et al., who documented a mean excess stay of 5.3 days 
in their cohort [37]. This extended hospitalization has implications beyond direct healthcare 
costs, including lost productivity and increased burden on family caregivers [38]. 

Our findings have important implications for clinical practice and policy. The identified 
risk factors suggest potential areas for targeted interventions, particularly regarding 
perioperative care protocols and infection prevention strategies. The high prevalence of 
antibiotic-resistant organisms underscores the need for robust antimicrobial stewardship 
programs, as emphasized by recent WHO guidelines [39]. 

The limitations of our study include its single-center design and the potential for 
selection bias due to the hospital's tertiary care status. Additionally, some patients lost to 
follow-up might have sought care elsewhere for mild SSIs, potentially leading to 
underestimation of infection rates. Nevertheless, our high follow-up rate (94%) and 
standardized surveillance protocols strengthen the validity of our findings [40]. 
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CONCLUSION 

Based on the findings of our comprehensive study, we present several significant 
conclusions with important implications for clinical practice and public health policy. 

The substantial incidence of surgical site infections following cesarean section in our 
low-income population setting (12.5%) emphasizes the persistent challenge these infections 
pose to maternal healthcare. This rate, while comparable to similar settings, highlights the 
urgent need for enhanced infection prevention strategies in resource-limited environments. 

Our identification of modifiable risk factors, particularly BMI management, surgical 
duration, and perioperative care protocols, provides concrete targets for intervention. These 
findings suggest that implementing more rigorous pre-operative optimization protocols and 
standardized surgical procedures could significantly reduce infection rates. 

The microbial profile and antibiotic resistance patterns documented in our study reveal 
a concerning trend toward multi-drug-resistant organisms. The high resistance rates to 
commonly used antibiotics underscore the critical need for evidence-based antibiotic 
stewardship programs and regular surveillance of local resistance patterns to guide empirical 
therapy. 

The significant economic burden and extended hospital stays associated with these 
infections demonstrate their substantial impact on both healthcare systems and individual 
patients in low-income settings. This finding emphasizes the cost-effectiveness of investing in 
preventive measures rather than managing complications. 
Moving forward, we recommend: 

1. Implementation of targeted interventions focused on modifiable risk factors 
2. Development of local antibiotic guidelines based on observed resistance patterns 
3. Establishment of continuous surveillance programs for monitoring infection rates and 

resistance trends 
4. Investment in infection prevention infrastructure and staff training 
5. Creation of evidence-based protocols specifically adapted for resource-limited settings 

Future research should focus on evaluating the effectiveness of these interventions 
through multi-center studies and investigating cost-effective prevention strategies suitable for 
low-resource environments. Additionally, studies examining the long-term outcomes and 
social impact of SSIs in this population would provide valuable insights for comprehensive 
healthcare planning. 

These conclusions provide a foundation for improving maternal healthcare outcomes in 
resource-limited settings and contribute to the global effort to reduce the burden of surgical site 
infections following cesarean sections. 
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