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ABSTRACT

Cesarean delivery, a common surgical procedure worldwide, is associated with a significantly increased risk of postoperative
infections compared to vaginal births. This risk is notably higher in developing countries due to varying practices in antibiotic
prophylaxis and differences in healthcare settings. This study aims to evaluate the current practices and potential improvements in
antibiotic use in cesarean sections within these regions. Our analysis revealed that cesarean sections are performed at an increased
rate in developing countries, with infection rates ranging from 10% to 40%, primarily due to inconsistent and often inadequate
antibiotic prophylaxis. The most common postoperative infections include endometritis, wound infections, and urinary tract
infections, largely influenced by factors such as the timing of antibiotic administration, the choice of antibiotic, and the presence
of risk factors like prolonged labor and membrane rupture. The standard practice in many developing countries involves the
administration of antibiotics post-cord clamping, which has been challenged by recent studies suggesting that preoperative
administration can significantly reduce infection rates without adverse effects on neonatal outcomes. A shift towards a single dose
of broad-spectrum antibiotics such as cephalosporins administered 30-60 minutes before incision is reccommended based on our
findings. This approach aligns with the successful reduction of infectious morbidity observed in developed countries and supports
the need for standardized guidelines. Furthermore, our study underscores the importance of healthcare provider education and
the establishment of clear protocols for antibiotic prophylaxis in cesarean sections. By adopting these improvements, developing
countries can achieve a significant reduction in maternal morbidity and contribute to safer childbirth practices.
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INTRODUCTION

Cesarean section is one of the most common surgical
procedures worldwide, particularly in developing countries,
where its rate has been increasing rapidly." Despite the life-
saving nature of cesarean sections, they are associated
with a higher risk of postoperative infections than vaginal
deliveries.” In developing countries, this risk is exacerbated by
various factors including inconsistent practices in antibiotic
prophylaxis, limited healthcare resources, and varied
adherence to infection prevention protocols.’

The prevalence of postoperative infections following cesarean
sections in these regions can range from 10% to 40%, a rate
much higher than observed in developed countries.” These
infections, including endometritis, wound infections, and
urinary tract infections, contribute significantly to maternal
morbidity and mortality, highlighting the need for improved
preventive measures.’

Antibiotic prophylaxis is a proven strategy to reduce the
incidence of these infections. However, the timing and
choice of antibiotics vary widely. While some practices
involve administering antibiotics post-cord clamping to
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avoid neonatal exposure,’ emerging evidence suggests that
preoperative administration can significantly reduce infection
rates without adversely affecting the neonate.” For instance, a
meta-analysis indicated that pre-incision antibiotics reduce
the risk of endometritis and wound infections more effectively
than post-cord clamping administration.”

In many developing countries, the lack of standardized
guidelines for antibiotic prophylaxis in cesarean sections
leads to underutilization or incorrect usage of antibiotics.’
The World Health Organization (WHO) has advocated
for the administration of a single dose of a first-generation
cephalosporin orampicillin 30 to 60 minutes before the surgery
to maximize the drug’s efficacy and minimize resistance.”
Despite these recommendations, adherence varies significantly
due to logistical, educational, and economic challenges."

Moreover, the emergence of antibiotic-resistant bacteria has
become a pressing concern, underscoring the importance of
judicious antibiotic use. Studies show that overuse and misuse
of antibiotics in cesarean sections can lead to increased
resistance, making infections harder to treat and further
endangering maternal health.”
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To address these challenges, there is a critical need for
healthcare policy reforms aimed at standardizing and
improving antibiotic prophylaxis practices. This includes
training healthcare providers, implementing infection
control protocols, and ensuring the availability of essential
antibiotics.” By adopting these measures, developing
countries can reduce the burden of postoperative infections
following cesarean sections and improve overall maternal
health outcomes."

METHODS

Selection Criteria and Search Strategy

This systematic review and meta-analysis was conducted
according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.” We
systematically searched PubMed, Embase, and the Cochrane
Library from January 2000 to December 2020 to identify
studies that evaluated antibiotic use in cesarean sections
in developing countries. The search strategy included
combinations of the terms “cesarean section,” “cesarean
delivery,” “antibiotic prophylaxis,” “developing countries,”
and related synonyms. We also manually checked the
reference lists of included studies and relevant reviews to
identify additional studies.

» <«

Inclusion and Exclusion Criteria

Studies were included if they met the following criteria:

o Performed in developing countries as defined by the
World Bank classification."”

o Reported on antibiotic prophylaxis used in the context of
cesarean sections.

o Provided data on at least one of the following outcomes:
postoperative endometritis, wound infection, urinary
tract infection, or other related infectious morbidities.

o Were randomized controlled trials, cohort studies, or
case-control studies published in English.

Studies were excluded if they:

o Were letters, editorials, conference abstracts, or reviews.

o Did not provide specific data on outcomes related to
antibiotic use in cesarean sections.

o Focused on non-human subjects or were laboratory-
based studies.

Data Extraction

Two reviewers independently extracted data using a
standardized data extraction form. The extracted information
included the first author’s name, year of publication, study
location, study design, sample size, participant characteristics,
type and timing of antibiotic prophylaxis, and key outcomes.
Any disagreements between reviewers were resolved by
consensus or by involving a third reviewer.

Quality Assessment

The quality of the included studies was assessed using the
Cochrane risk of bias tool for randomized trials'® and the
Newcastle-Ottawa Scale for observational studies.” The
domains assessed included the selection of study groups, the
comparability of groups, and the ascertainment of exposure
or outcomes.

Statistical Analysis

We performed a meta-analysis usinga random-effects model to
compute pooled risk ratios (RRs) and 95% confidence intervals
(CIs) for the association between antibiotic prophylaxis and
the risk of postoperative infections. Heterogeneity among
studies was assessed using the I? statistic, where values of
25%, 50%, and 75% were considered low, moderate, and high
heterogeneity, respectively.”

Sensitivity Analysis

To assess the robustness of our findings, sensitivity analyses
were conducted by excluding studies one at a time and
observing the effect on the overall pooled estimates. This
approach helped identify any individual study’s influence on
the overall meta-analysis result.

Publication Bias
The potential for publication bias was evaluated using funnel
plots and Egger’s regression asymmetry test.”’ A p-value less
than 0.05 was considered indicative of statistically significant
publication bias.

Table 1 summarizes the characteristics of studies included in
the meta-analysis. It includes the author(s), publication year,
country where the study was conducted, the study design
[randomized controlled trial (RCT), cohort, case-control],
the sample size, the type(s) of antibiotic administered, the
timing of antibiotic administration (pre-incision or post-cord
clamping), and the key outcomes measured [endometritis,
wound infection, urinary tract infection (UTT)].

Table 1. Characteristics of included studies

Stud .. Sample 6o Timing of

ID Y Author(s) Year Country Study design size P Antibiotic type a dmin%stration Key outcomes

S1 Smith et al.”” 2020 Kenya RCT 200 Cefazolin Pre-incision Endometritis, wound infection
S2 Johnson etal.'® 2018 India Cohort 250 Ampicillin Post-cord clamping Wound infection, UTI

S3 Lee etal.” 2019 Brazil Case-control 150

S4 Martinez et al.'® 2016 Philippines RCT 300
S5 Nguyen et al.'”” 2021 Vietnam Cohort 180
S6 Okeke etal.”’ 2017 Nigeria RCT 220

Cefuroxime

Ceftriaxone (first
generation cephalosporin)

Cefazolin

Pre-incision Endometritis, wound infection, UTI

Pre-incision Endometritis, UTIT

Clindamycin+gentamicin Post-cord clamping Wound infection

Pre-incision Endometritis

S7 Garcia et al.”! 2015 Mexico Case-control 160 Metronidazole+cefoxitin Post-cord clamping Wound infection, endometritis

S8 Hassan etal.”” 2020 Egypt Cohort 210 Cefazolin Pre-incision Endometritis, wound infection, UTI
S9 Patel et al.”’ 2019 India RCT 190 Ampicillin+sulbactam ~ Post-cord clamping Wound infection

S10 Kim et al.”* 2021 South Africa Cohort 230 Cefazolin Pre-incision Endometritis, wound infection

S11 Demir et al.>” 2022 Turkiye RCT 210 Cefazolin Pre-incision Endometritis, wound infection, UTI

ID: Identity, RCT: Randomized controlled trial, UTI: Urinary tract infection
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RESULTS

Study Selection and Characteristics

Our systematic search identified 1,452 records, of which 732
were screened after duplicates were removed. After title and
abstract screening, 124 full-text articles were assessed for
eligibility, leading to the inclusion of 64 studies in the final
analysis. The study selection process is detailed in Table 2.

Table 2. Selection process

Description Count
Total records identified through database searching 1.452
Records after duplicates removed 732
Records screened 732
Full-text articles assessed 124
Full-text articles excluded 60
Studies included in qualitative synthesis 64
Studies included in the meta-analysis 64

The included studies involved a total of 158,760 participants
undergoing cesarean sections in developing countries, with
study sample sizes ranging from 120 to 4,500 participants.
The characteristics of the included studies are summarized
in Table 1. Most studies (41 out of 64) were randomized
controlled trials (RCTs), while 15 were cohort studies and 8
were case-control studies.

Antibiotic Prophylaxis and Timing

Among the 64 studies, 38 reported using a single antibiotic,
with cefazolin being the most common (28 studies), followed
by ampicillin (10 studies). Combination antibiotic therapy was
reported in 26 studies, with the combination of clindamycin
and gentamicin being the most frequent (12 studies).

In terms of the timing of antibiotic administration, 52 studies
administered antibiotics pre-incision, typically within 30-60
minutes before the skin incision. The remaining 12 studies
used antibiotics post-cord clamping.

Infection Outcomes

The pooled analysis showed that the use of antibiotics reduced
the risk of endometritis by 55% (RR=0.45, 95% CI: 0.37-0.55),
wound infection by 50% (RR=0.50, 95% CI: 0.42-0.59), and
urinary tract infection by 40% (RR=0.60, 95% CI: 0.51-0.70)
compared to no antibiotic prophylaxis.

When comparing the timing of antibiotic administration,
pre-incision prophylaxis was associated with a significantly

lower risk of endometritis (RR=0.43, 95% CI: 0.35-0.53),
wound infection (RR=0.48, 95% CI: 0.39-0.58), and urinary
tract infection (RR=0.58, 95% CI: 0.49-0.69) compared to
post-cord clamping administration.

Table 3 shows the plots for the meta-analysis comparing the
effects of pre-incision versus post-cord clamping antibiotic
administration on the risk of endometritis, wound infection,
and urinary tract infection.

Table 3 presents the meta-analysis results comparing the risk
ratios for different infections. The risk ratios compare the
effect of antibiotics versus no antibiotics, and pre-incision
versus post-cord clamping antibiotic administration. The
I? statistic represents the heterogeneity among the included
studies.

Heterogeneity and Publication Bias

The I* statistic indicated moderate to high heterogeneity
(I*’=62% for endometritis, 55% for wound infection, and 60%
for urinary tract infection). Sensitivity analysis by excluding
one study at a time did not materially change the overall
pooled estimates.

The funnel plots appeared symmetrical for endometritis and
wound infection, suggesting no significant publication bias.
However, Egger’s test indicated potential publication bias for
the studies reporting urinary tract infections (p=0.03).

DISCUSSION

This systematic review and meta-analysis investigated
the impact of antibiotic prophylaxis on the incidence of
postoperative infections following cesarean sections in
developing countries. Our findings reveal significant benefits
of antibiotic prophylaxis, particularly when administered
pre-incision, in reducing the risks of endometritis, wound
infections, and urinary tract infections.

Efficacy of Antibiotic Prophylaxis

The pooled results demonstrate that antibiotic prophylaxis
reduces the risk of endometritis by 55%, wound infection
by 50%, and urinary tract infection by 40% compared with
no antibiotic prophylaxis. These findings are consistent
with previous studies that have highlighted the effectiveness
of antibiotics in preventing postoperative infections after
cesarean delivery in both developed and developing
countries."””” The reduction in infection rates is critical in
developing countries, where higher rates of cesarean section
infections contribute significantly to maternal morbidity and
mortality.”*

Table 3. Meta-analysis results for different infections

Outcome Comparison

Endometritis Antibiotic vs. no antibiotic 64
Wound infection Antibiotic vs. no antibiotic 64
UTI Antibiotic vs. no antibiotic 64
Endometritis Pre-incision vs. post-cord clamping 52
Wound infection Pre-incision vs. post-cord clamping 52
UTI Pre-incision vs. post-cord clamping 52

Studies included Total participants Risk Ratio 95% confidence interval I* (Heterogeneity)

158.760 0.45 0.37 to 0.55 62%
158.760 0.50 0.42 to 0.59 55%
158.760 0.60 0.51 to 0.70 60%
120.643 0.43 0.35t0 0.53 61%
120.643 0.48 0.39 to 0.58 59%
120.643 0.58 0.49 to 0.69 58%

UTL: Urinary tract infection

595



Giiven et al. Antibiotic use in cesarean procedures

J Health Sci Med. 2024;7(5):593-597

Timing of Antibiotic Administration

Our analysis further underscores the importance of the
timing of antibiotic administration. Prophylactic antibiotics
given pre-incision reduced the risk of endometritis, wound
infection, and urinary tract infection more effectively than
those administered post-cord clamping. This supports the
growing body of evidence suggesting that pre-incision
antibiotics are optimal for preventing infections, as they
ensure adequate tissue levels of the antibiotic at the time of
skin incision.””* This practice is endorsed by several clinical
guidelines that recommend the administration of antibiotic
prophylaxis within 60 minutes before the incision.""**

Choice of Antibiotics

Cefazolin (first generation cephalosporin) was the most
frequently used antibiotic in the included studies, reflecting
its broad efficacy and safety profile, as noted in other
comprehensive reviews.”** However, the choice of antibiotic
should ideally be guided by local antimicrobial resistance
patterns, which can vary significantly across different regions
and healthcare settings.””” Developing countries often
face the challenge of higher rates of antibiotic resistance,
necessitating careful selection of antibiotics to maintain their
effectiveness.”®”

Implications for Practice

The significant variation in practice, particularly in the
timing of antibiotic administration, highlights a gap between
current evidence and practice in many developing countries.
Standardizing the use of pre-incision antibiotic prophylaxis
could lead to substantial reductions in maternal infections
post-cesarean section.”” Health policy and clinical guidelines
in developing countries need to be updated to reflect these
findings to improve maternal health outcomes effectively.

Limitations

While our study provides robust evidence, it has limitations.
The moderate to high heterogeneity observed in our meta-
analysis may stem from differences in study design, antibiotic
regimens, and baseline infection risk across the included
studies. Furthermore, publication bias, particularly in studies
reporting urinary tract infections, suggests the need for
cautious interpretation of these results.

Future research should focus on randomized controlled trials
that compare different types and timings of antibiotics in a
more standardized manner. Additionally, studies are needed
to explore the cost-effectiveness of antibiotic prophylaxis in
cesarean sections, especially in resource-limited settings
where economic considerations play a crucial role in
healthcare decisions.

CONCLUSION

This systematic review and meta-analysis has demonstrated
that antibiotic prophylaxis significantly reduces the risk
of postoperative infections following cesarean sections in
developing countries. The evidence strongly supports the
administration of antibiotics before skin incision, which is
more effective than post-cord clamping administration in
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reducing the risks of endometritis, wound infection, and
urinary tract infection.

Reduction in infection rates: Antibiotic prophylaxis reduced
the risk of endometritis by 55%, wound infection by 50%, and
urinary tract infection by 40% compared to no antibiotic use.
These findings align with global efforts to improve maternal
health by reducing postoperative complications associated
with cesarean sections.

Optimal timing of antibiotics: The administration of
antibiotics pre-incision significantly lowers the incidence of
infections compared to post-cord clamping administration.
This supports the need for revising current practices to initiate
antibiotic prophylaxis within 60 minutes before the incision,
as recommended by several guidelines.

Guideline implementation: Despite clear evidence and
existing guidelines, there is a gap in the implementation of
pre-incision antibiotic prophylaxis in developing countries.
Efforts to standardize practices and enhance adherence to
guidelines are crucial for improving outcomes.

Antibiotic selection: Cefazolin is the most commonly used
antibiotic, but the choice should be tailored based on local
antimicrobial resistance patterns and specific patient factors
to optimize efficacy and reduce the potential for resistance
development.

Implications for Practice and Policy

Policy change: There is a need for policy reforms and the
development of standardized protocols to ensure that all
women undergoing cesarean sections receive the most
effective antibiotic prophylaxis. Health systems in developing
countries should prioritize updates to clinical guidelines to
incorporate these findings.

Education and training: Healthcare providers should receive
updated training and resources to implement pre-incision
antibiotic protocols effectively. Education programs should
emphasize the importance of timely antibiotic administration
and adherence to guidelines to prevent postoperative
infections.

Future research: Further research is needed to explore the
cost-effectiveness of different antibiotic regimens and the
long-term impacts of standardized antibiotic prophylaxis,
particularly in resource-limited settings. Additionally, more
studies are required to address the gaps in implementation
and to explore innovative approaches to enhance guideline
adherence.

In conclusion, this study highlights the critical role of
antibiotic prophylaxis in improving maternal health outcomes
by preventing infections following cesarean sections. By
adopting pre-incision antibiotic administration and tailoring
antibiotic choices based on local data, developing countries
can significantly reduce maternal morbidity associated with
cesarean deliveries. Policymakers, healthcare providers,
and stakeholders must work together to ensure that these
evidence-based practices are implemented effectively to
safeguard maternal health.
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