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Background: Post-caesarean surgical site infections (PCSSIs) significantly impact maternal morbidity, mortality, and healthcare costs
in low- and middle-income countries, particularly in sub-Saharan Africa, where preventive measures are often inadequate. Despite this
burden, data on PCSSIs in this context are limited. This study aimed to evaluate the incidence and factors associated with PCSSIs at
Mubende Regional Referral Hospital.

Methods: This prospective cohort study included 204 women who underwent caesarean sections from July to September 2023. Data
was collected and participants were monitored for up to 28 days post-delivery to identify occurrences of surgical site infections (SSIs).
Statistical analysis was conducted using STATA, with significance defined as a p-value of < 0.05.

Results: Most participants (63.2%) were aged 18-35 years, with over 67% having a parity of <4. Preoperative antibiotics were
administered to 77.5% of participants. Most surgeries (64.2%) lasted 1-2 hours, and the overall incidence of surgical site infections
(SSIs) was 16.18%. Significant risk factors associated with more than a twofold increase in SSI risk included unstable referral status
(aRR =2.02), obstructed labor (aRR = 2.97), chorioamnionitis (aRR = 2.73), and prolonged premature rupture of membranes (PROM)
(aRR = 2.05). Prolonged labor increased SSI risk by 1.37-fold (aRR = 1.37), while receipt of preoperative antibiotics was linked to
a reduced SSI risk (aRR = 0.77).

Conclusion: The post-caesarean SSI rate at Mubende Regional Referral Hospital is notably high, with key risk factors including
unstable referral status, obstructed labor, prolonged labor, chorioamnionitis, and prolonged premature rupture of membranes (PROM).
Administering preoperative antibiotics 30 minutes to 1 hour prior to surgery is linked to a reduced risk of SSI.
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Background

Post-caesarean surgical site infection (PCSSI) significantly contributes to maternal morbidity and mortality, resulting in
extended hospital stays and increased healthcare costs.' It adversely impacts women’s physical, emotional, reproduc-
tive, and psychosocial well-being.*

Globally, PCSSI rates are notably higher in low- and middle-income countries, especially in sub-Saharan Africa,
compared to high-income countries (HICs), due to less effective preventive measures.* Incidence rates in HICs such as
the USA, Mainland China, South Korea, and the UK range from 0.5% to 4.5%,2’3 *® while in sub-Saharan Africa, rates
range from 7% to 26%."’

Surgical site infections (SSIs) are classified as superficial, deep, or organ/space based on infection depth.® Superficial
SSIs involve skin, deep SSIs affect deeper tissues, and organ/space SSIs involve organs.” SSIs increase morbidity,

International Journal of Women’s Health 2024:16 19391945 1939
Received: 22 August 2024 © 2024 Omara et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati org/licenses/by-nc/3.0/). By accessing the

Accepted: 15 November 2024
Published: 18 November 2024

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0002-1898-0580
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Omara et al Dove

mortality, and healthcare costs. Prevention includes hand hygiene, preoperative antiseptic bathing, prophylactic anti-
biotics, and maintaining sterile conditions to mitigate infection risk.'°

Risk factors for PCSSI vary by healthcare setting. Host-related factors include advanced maternal age, BMI > 30 kg/
m?2, diabetes mellitus, hypertension, and multiple pregnancies. Antenatal issues such as limited visits, smoking, and
alcohol use are also significant. Intrapartum factors like excessive vaginal examinations, chorioamnionitis, and prolonged
operation duration further contribute.”* Additionally, anemia and postoperative hematoma are noted in some settings.>""

Factors such as prolonged premature rupture of membranes, obstructed labor, extended operative time, and emer-
gency operations increase wound contamination risk, even in hospitals with modern protocols.>'? Other contributors
include immunocompromised status, malnutrition, inadequate antibiotic selection, poverty, and environmental pollution,
including the operating theatre environment.*'?

Given the variability in risk factors across healthcare facilities, even within the same locality, facility-specific
identification is crucial. This approach allows for the development of targeted preventive measures and protocols by
addressing host, microbial, and environmental factors to optimize patient outcomes.'>*'*

Despite the significant burden of PCSSI, detailed data at the individual hospital level in Uganda is limited due to
budget constraints and competing resource priorities. Consequently, this study aimed to assess the incidence and risk

factors associated with post-caesarean SSI at Mubende Regional Referral Hospital.

Materials and Methods
This prospective cohort study assessed 204 mothers who underwent caesarean sections at Mubende Regional Referral
Hospital, Central Uganda, from July to September 2023. Surgical site infections (SSIs) were classified as superficial,
deep, or organ/space.

Inclusion criteria encompassed all mothers who had a caesarean delivery during the study period, while those with
pre-existing conditions such as diabetes or hypertension were excluded.

Sample size calculation. In a study conducted at Mulago National Referral Hospital in Uganda, the incidence of post
caesarean surgical site infections was reported to be 7%.* To determine the appropriate sample size for this study, the
modified Daniel’s formula was utilized. The formula is as follows:

[za + zp)* x P[1 — P

nyp = d2

where: p=represents the incidence rate from similar studies, which is 7% (0.07), za =is the standard normal variate at
a significance level of 0.05, which is 1.96. zf =is the standard normal variate at a power of 84%, which is 0.84. d=is the
desired precision, set at 5% (0.05). By substituting these values into the formula, the required sample size is calculated as
follows = 204.

Study Procedure

Eligible mothers who consented had their sociodemographic and obstetric data collected post-operatively from patient
and operation files. They were monitored for SSI development for 28 days post-operatively, with follow-up through the
obstetrics and gynecology outpatient clinics. Those who missed scheduled reviews were contacted by phone.

Data Analysis
The incidence of post-caesarean surgical site infection was analyzed descriptively and reported as a percentage.
Demographic and obstetric characteristics were summarized using frequencies and percentages. Associations with post-
caesarean surgical site infection were assessed with binomial regression and reported as relative risks. Variables with
p <0.2 in bivariate analysis were included in multivariable analysis to control for confounders. Statistical significance
was set at p <0.05.
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Results

Among the 204 recruited mothers, 63.2% were between 18 and 35 years old. More than 67% had a parity of <4, and just
77.5% received preoperative antibiotics. Most surgeries (64.2%) lasted between 1 and 2 hours. Detailed patient
characteristics are provided in Table 1.

The incidence of surgical site infection following caesarean sections was 16.18% (Table 2).

In the bivariate analysis, factors with a p-value of <0.2 were further examined in multivariate analysis to control for
potential confounders. Receipt of pre-operative antibiotics correlated with a reduced risk of post-caesarean SSI (aRR =
0.77, CI: 0.77-0.77, p < 0.001).

Conversely, being referred as unstable, experiencing obstructed labor, chronic chorioamnionitis, and prolonged
premature rupture of membranes (PROM) were each linked to more than a twofold increased risk of SSI (aRR =
2.02, CI: 1.58-2.57, p < 0.001; aRR = 2.97, CI: 1.84-4.79, p < 0.001; aRR =2.73, CI: 1.90-3.91, p < 0.001; aRR =2.05,
CI: 1.27-3.30, p = 0.003, respectively). Prolonged labor was associated with a 1.37-fold increased risk of post-caesarean
SSI (aRR = 1.37, CI: 1.07-1.74, p = 0.012) (see Table 3).

Discussion

Socio-Demographic, Obstetrical, and Interventional Characteristics

The study revealed that 63.2% of the population were young adults aged 18-35 years, with 67% of mothers who
underwent caesarean delivery having four or fewer children. These findings align with Patamasingh et al,'> who reported
high caesarean rates among younger women with low parity. This trend emphasizes the need for targeted interventions to
address the increasing caesarean rates in young, low-parity populations.'® This highlight concerns about unnecessary

Table | Below Shows the Descriptive Statistics for Socio-Demographic,
Obstetrical, and Interventional Characteristics of the Study Population

Characteristics Frequency (N=204) | Percent (%)
Age in Years <I8 24 11.76
18 to 35 129 63.24
>35 51 25.00
Parity <4 137 67.16
> 4 67 32.84
Referral status Stable 194 95.10
Unstable 10 4.90
Obstructed labor No 170 83.33
Yes 34 16.67
Prolonged labor No 183 87.71
Yes 21 10.29
Chorioamnionitis No 189 92.65
Yes 15 7.35
Prom No 187 91.67
Yes 17 833
APH No 198 97.06
Yes 6 2.94
Vaginal Exam <4 155 75.98
> 4 49 24.02
Duration of operation <lhr 35 17.16
I to2hrs. | 131 64.22
>2 hrs. 38 18.63
Preoperative antibiotics | No 46 22.55
Yes 158 7745
Hb level < 11.0g/dl | 28 13.73
= | 1.0g/dl | 176 86.27
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Table 2 Incidence of Post-Caesarean Surgical Site
Infections Among Women Who Delivered by
Caesarean Section at Mubende Regional Referral
Hospital

Category | Frequency | Percent | 95% CI

No PCSSI | 171 83.82 (78.04-88.60)
PCSSI 33 16.18 (11.40-21.96)

Table 3 Factors Associated with Post Caesarean Surgical Site Infection

Characteristic Unadjusted Risk Ratios Adjusted Risk ratios
cRR | 95% CI p-value | aRR | 95% CI p-value

Age in years <18 Ref Ref

18 to 35 0.35 | (0.17,0.73) | 0.005 0.66 | (0.31, 1.37) 0.263

> 35 0.59 | (0.27,1.30) 0.190 1.58 | (0.60, 4.22) 0.353
Parity <4 Ref Ref

>4 1.92 | (1.04,3.57) 0.038 0.77 | (0.47, 1.26) 0.301
Referral status Stable Ref Ref

Unstable 2.68 | (1.17,6.14) | 0.020 2.02 | (1.58, 2.57) | <0.001*
Obstructed labor No Ref Ref

Yes 3.68 | (2.05,6.61) | <0.001 | 2.97 | (1.84,4.79) | <0.001%*
Prolonged labor No Ref Ref

Yes 4.36 | (2.47,7.67) | <0.001 1.37 | (1.07, 1.74) | 0.012
Chorioamnionitis No Ref Ref

Yes 4.73 | (2.71,8.25) | <0.001 | 2.73 | (1.90, 3.91) | <0.001%*
Prolonged Prom No Ref Ref

Yes 244 | (1.18,5.08) 0.017 2.05 | (1.27,3.30) | 0.003*
Vaginal Exam <4 Ref Ref

>4 9.89 | (4.77,20.48) | <0.001 1.90 | (0.99, 3.59) 0.052
Duration of operation <lhr Ref Ref

I to2hrs. | 043 | (0.15,1.23) 0.114 1.57 | (0.73, 3.38) 0.245

>2 hrs. 3.68 | (1.55,8.76) 0.003 1.83 | (0.94,3.56) 0.076
Preoperative antibiotics | No Ref Ref

Yes 0.11 | (0.05,0.22) <0.001 0.77 | (0.77,0.77) | <0.001*
Hb level < |1.0g/dl | Ref Ref

= |1.0g/dl | 0.37 | (0.20,0.68) 0.002 1.23 | (0.96, 1.57) 0.100

Notes: Bold values and the * symbol = indicate statistical significance.
Abbreviations: cRR, Crude Risk Ratio; aRR, Adjusted Risk Ratio; Cl, Confidence Interval; Ref, Reference category.
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caesarean sections, raising healthcare costs and surgical risks, necessitating targeted interventions and further research to
address underlying drivers.
And yet 77.5% of mothers received preoperative antibiotics, indicating suboptimal adherence to prophylactic guide-

lines and it’s similar to a study done by Odah et al.'”

Administering antibiotics 30—60 minutes before incision is
recommended for optimal efficacy. Given that 64.2% of surgeries lasted 1-2 hours, timely prophylaxis is essential to
reduce postoperative infections which still similar to a study done by Muliani et al.'"® Inadequate adherence increases
infection risk, leading to prolonged hospital stays, higher healthcare costs, and maternal complications. Improved
compliance through enhanced training, stricter protocols, and targeted interventions is essential to minimize infection

rates and improve surgical outcomes.

Incidence of Post-Caesarean Surgical Site Infection
The incidence of post-caesarean surgical site infection in our study was 16.18%, aligning with the reported range of 7.0%
to 26.0% in sub-Saharan Africa.>'*%°

However, this incidence is notably higher than the 7% reported in studies at Mulago and Mbarara Referral
Hospitals.>* The disparity may be due to differences in study populations, with the former hospitals serving more
urban areas and providing better healthcare services than Mubende Hospital.

Additionally, the incidence in our study was markedly higher than the 1.4% reported in the UAE and 3% in Israel,
likely due to their more advanced healthcare services and stricter intervention protocols.'*?!

This highlights the necessity for enhanced healthcare infrastructure and adherence to infection control protocols in
rural hospitals. Targeted interventions, such as improved staff training, increased access to antibiotics, and strict protocol
enforcement, are essential for reducing surgical site infections and improving maternal health outcomes. Investment in

rural healthcare is critical for safety.

Factors Associated with Post-Caesarean Surgical Site Infection

Unstable referrals had twice the risk of developing SSI compared to stable referrals. This is consistent with Gelaw et al’s
cross-sectional study in Ethiopia, which attributed the increased risk to advanced preoperative disease states that hinder
postoperative recovery and extend hospital stays, thereby increasing infection risk.” Patients with unstable referrals
require thorough preoperative assessments to reduce SSI risk. Optimizing care pathways and enhancing support can
improve recovery and decrease infection rates.

Obstructed labor was associated with a relative risk of over 2.9 for post-caesarean surgical site infection compared to
unobstructed labor. This heightened risk arises from tissue damage, increased contamination during the procedure, and
complications during delivery, which expose the incision to bacteria from the skin and genital tract. These findings align
with those of Isanga et al; and Kawakita et al''** Identifying patients at risk for obstructed labor facilitates timely
interventions and enhanced monitoring. Improved surgical techniques and infection control measures can significantly
reduce post-caesarean infection rates.

Prolonged labor was associated with a 1.37-fold increased risk of SSI post-caesarean section, consistent with findings
from Nigeria and Nepal that reported higher SSI risk in post-caesarean cases with prolonged labor. This increased risk
may be due to multiple vaginal interventions and meconium contamination.'*'? These findings highlight the necessity of
timely interventions during labor to reduce surgical site infections. Effective management and monitoring strategies are
essential for improving maternal healthcare outcomes.

Chorioamnionitis was significantly associated with a 2.7-fold increased risk of SSIs, due to bacterial contamination
from infected amniotic fluid during surgery. This result aligns with findings from Kawakita et al and Njoku et al, who
reported a similar association.'®?* These results emphasize the importance of managing chorioamnionitis to mitigate
surgical site infection risk. Early identification and treatment can reduce bacterial contamination and surgical site
infection (SSI) rates. Effective screening and treatment protocols for chorioamnionitis are essential for improving
surgical outcomes and minimizing infection-related complications.

Prolonged premature rupture of membranes was associated with a twofold increased risk of SSI. Similar findings
were reported by Njoku et al in Nigeria, and by Gelaw, Alemye, and Samuel et al in Ethiopia.>*'*** This increased risk
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is likely due to bacterial colonization of the membranes and the subsequent ascent of infection to the surgical site.
Vigilant monitoring and timely interventions are critical, along with stringent infection control measures during surgery.
Developing targeted guidelines for these patients can improve surgical outcomes and enhance maternal and neonatal
health.

Mothers who received prophylactic pre-operative antibiotics were 0.77 times less likely to develop SSI.
Administering antibiotics 30 minutes to 1 hour before surgery similarly reduced the risk of post-caesarean SSI in studies
by Alfouzan et al in Kuwait, Kawakita et al, and Wekesa et al in Uganda.*?*** These findings highlight the importance
of adhering to evidence-based guidelines for prophylactic antibiotic use to reduce surgical site infection (SSI) rates.
Standardized protocols and staff training are essential for minimizing SSI risk, thereby improving maternal and neonatal
health and enhancing surgical outcomes in obstetric settings.

Conclusions
The post-caesarean SSI rate at Mubende Regional Referral Hospital remains high.

Key risk factors include unstable referral status, obstructed labor, prolonged labor, chorioamnionitis, and prolonged
PROM.

Conversely, administration of preoperative antibiotics within 30 minute-1 hour preoperatively, was associated with
a reduced risk of post-caesarcan SSI.

Recommendations
We recommend healthcare provider and patient education, emphasizing early referral and timely surgical intervention to
reduce SSI risks associated with obstructed labor, prolonged labor, and prolonged PROM.

We further recommend implementing retraining programs for healthcare providers on the use of preoperative
antibiotics.
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