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Background: Surgical site infections (SSI) after cesarean section are common in Ethiopia and result in maternal morbidity, mortality,
hospitalization, and medical costs. This study aimed to determine the incidence, bacterial profile, and associated factors of surgical site
infection after cesarean section (CS) in public and private referral hospitals.

Methods: A prospective observational cohort study was conducted on 741 pregnant women who underwent CS from July to
September 2022. Women who had CS were followed up for at least 30 days. Infected wound specimens from those who had SSIs
were collected and bacteriologically analyzed. The data were analyzed with SPSS version 25. The logistic regression model assessed
the relationship between the independent variable and the outcome with 95% confidence interval.

Results: The incidence of post-cesarean surgical site infection was 11.6% (95% CI: 9.4, 13.6). Staphylococcus aureus was the most
common bacteria in CS wounds 10 (21.2%). Two to three antenatal care visits (ANC) (AOR: 3.11, 95% CI: 1.69, 5.75), delayed
antenatal booking (AOR: 6.99, 95% CI: 2.09, 23.32), membrane rupture (AOR: 2.10, 95% CI: 1.04, 4.24), multiple vaginal
examinations (AOR = 4.21, 95% CI: 1.35, 6.92) and public hospitals (AOR: 11.1, 95% CI: 1.48, 45, 14) were associated with
increased risk of SSI after CS, in contrary shorter hospital stays (AOR = 0.37, 95% CI: 0.15, 0.91) and transversal incisions (AOR =
0.38, 95% CI: 0.15, 0.91) were associated with lower risk SSI after CS.

Conclusion: The incidence of SSI after CS was high. Delayed antenatal booking, two to three antenatal visits, multiple vaginal
exams, membrane rupture, vertical incision, longer postoperative hospital stays, and procedures in public hospitals were associated
with increased risk of SSI after CS. Therefore, intervention programs should focus on post-discharge surveillance and identification of
risk to reduce and prevent SSI after CS rate.
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Introduction
Surgical site infection after cesarean section (SSI after CS) is the most frequent complication, which happens after
a cesarean section is done for a delivering mother.' It occurs within 30 days after a surgical procedure and involves either
superficial, deep, or organ/space tissues. It can significantly lower the quality of life, lengthen hospital stays, and place
a financial burden on the healthcare system.” ™

Worldwide, the incidence of surgical site infection after cesarean section reported in the literature ranges from 3% to
20% depending on the patient population, antibiotic prophylaxis, and infection surveillance techniques used.” The
country-specific reports deal with 5.3% in Egypt,® 1.7% in rural China,” 2% in Ireland,® 9.9% in Kosovo,” 2.1% in
Kuwait 2.1'° and 9.7% in Ethiopia."" Despite advances in surgical procedures, options for sterilizing surgical instru-
ments, improved surgical techniques, and improved infection prevention programs, surgical site infections are a major
cause of nosocomial infections, and the incidence of infections is increasing worldwide.* In sub-Saharan Africa, up to

20% of women giving birth by cesarean section develop SSI, and cesarean delivery is the most important known variable
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associated with a higher risk of postpartum infection than vaginal delivery.” Studies show that the risk of infection ranges
from 1% to 25% and 5 to 20 times that of vaginal delivery.'® Findings from studies conducted in different settings
suggest that a number of factors contribute to the occurrence of SSI, including comorbidities, age, duration of operation,
anemia, frequency of manual vaginal examinations, HIV infection, rupture of membrane, and inappropriate antibiotic
prophylaxis. Therefore, identifying the risk factors that increase the number of SSI can help design interventions that take
into account the context in which these operations are performed.>®'*!4

In Ethiopia, the burden of SSI after CS has been noted as particularly increased due to weaker infection control
infrastructures, limited resources, lack of adherence to infection control policies and guidelines, inadequately trained
personnel, overcrowding, and understaffing."”

Clinical practice recommendations for SSI prevention include, but not limited to, preoperative bathing, surgical site
preparation, surgical hand preparation, appropriate use of antibiotics to reduce the risk of infection, and applied infection
prevention technique.'®'"”

Several studies on surgical site infections after cesarean section have been conducted in Ethiopia. However, most
studies used a cross-sectional design to determine factors associated with surgical site infection after cesarean
section.'""'® 2% In other cases, according to a study from Kuwait 99% of SSI patients had their diagnoses made after
being discharged from the hospital.'® Although a study was conducted in the gynecology departments of referral
hospitals in Addis Ababa, it was only conducted in public hospitals, which can have a fairly homogeneous pool of
women, bacterial profile was not isolated, ANC variables such as number of ANC, and time of ANC follow-up were not
considered and used a small sample size.?' Unlike the previous studies, the current study filled the aforementioned gaps
by including an adequate sample size, considering both government and private referral hospitals, and using laboratory
techniques to identify bacterial pathogens. Therefore, our study aimed to assess the incidence, bacteriological profile, and
associated factors of surgical site infection after CS.

Methods and Materials
Study Setting, Study Design Study Period, and Study Subject

A prospective cohort study was conducted at a referral hospital in Addis Ababa from July to September 2022. Addis
Ababa is the capital of Ethiopia. It has a total area of 527 km2 and is inland has 51 hospitals in the city.”? The study was
conducted in seven randomly selected hospitals, three private and four public hospitals. Hemen Maternal and Child
Health (MCH) is one of the private hospitals that offer services in the specialty of maternal and child health and has 50
inpatient and 200 outpatient wards with a total of 39 beds. Betsegah MCH is similar to Hemen MCH and offers mother
and child care has 24 beds, 5 gynecologists, 30 nurses, and 5 midwives. Myung Sung Christian Medical Center is also
a private general hospital with 13 functional beds and 16 midwives. St. Paul’s Hospital Millennium Medical College
Hospital (SPHMMC) is a public hospital. The gynecology department has 120 residents, 20 midwives, 90 midwives, and
60 beds.Zewditu Memorial Hospital is a public hospital that has 60 beds, 86 midwives, and eight gynecologists and
obstetricians. Abebech Gobena and Gandhi Memorial Hospital are both MCH public hospitals. Abebech Gobena
Hospital has 33 beds, 68 midwives, 11 gynecologists and obstetrician. Gandhi Memorial Hospital has 13 beds, 60
midwives, and 5 gynecologists and obstetricians.”> All eligible women were followed up for SSI for 30 days.
Bacteriological samples were collected from subjects who had SSI within 30 days of follow-up. Women who had
abdominal surgery in the month before their current surgery, women who were living outside of Addis Ababa, and
women who were taking antibiotics prior to hospital admission were excluded from the study.

Sampling Size Determination and Sampling Technique

Samples of 787 post-CS women were prospectively recruited into the study and 741 followed up for 30 postoperative
days. A double population formula was used to calculate the sample size, with a two-sided confidence level of 95% and
an 80% power variable. The study used a two-stage cluster sampling technique, selecting a random sample from seven
hospitals from 15 private and 14 public hospital referrals. A random sample of post-operative women was obtained from
each hospital using a systematic random sampling technique. The maximum sample size was selected variable (hospital
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stays greater than 7 days) as in a study conducted in Harar city.'® The total number of CS surgery women per month in
each hospital was estimated by taking the average of the total number of CS surgical patients flow for the past 12 months.
For those women who agreed to participate and fulfill the inclusion criteria, a unique study ID number was given
immediately after their operation.

Data Collection Procedure and Tools

The data was collected on SSI using Kobo Collect software and collected sociodemographic, procedural, and clinical
data from various sources. Four maternity nurses, four surgical nurses, two supervisors, and one laboratory technician
were recruited for data collection. Surgical and obstetric nurses examined wounds daily and monitored patients for signs
of infection. Women were briefed on SSI symptoms and given printed materials. The data was collected during structured
telephone interviews, and SSI diagnosis was based on signs and symptoms. If SSI was identified, women were referred to
the nearest healthcare facility for further treatment. Women who could not be contacted after three unsuccessful phone
calls were considered lost to follow-up. The criteria for defining an SSI set by the CDC-NHSN and WHO are applied to
recruit those patients suspected of developing SSI.

Laboratory Data Collection

The standard protocol for collecting specimens in the laboratory was followed by taking post-surgical wound swabs or
pus aspirates from the clinically infected surgical sites. Before collecting, two sterile cotton swabs were used to briefly
clean the surgical site surroundings with 70% ethyl alcohol, and extra debris from the wound base was removed by
irrigation with normal saline. To avoid superficial microflora, the deepest part of the wound was sampled. All collected
samples were kept in test tubes containing 1.0 mL of normal saline and taken to the microbiology laboratory of Arsho
Medical Laboratory for analysis within 3 hours after collection. An aseptic technique was applied at all stages to avoid
cross-contamination.

Culturing and ldentification of Bacterial Pathogen

Swabs were used to inoculate MacConkey agar, chocolate, and blood. A candle jar was used to incubate a chocolate plate
alongside other plates for 24—48 hours at 35-37 C. The morphological appearances of the cultures on selective and
differential media were observed and characterized using a standard procedure. Biochemistry and motility tests were also
performed.***

Variables of the Study
Dependent Variable
SSI after cesarean section (present/absent).

Independent Variables Study

The independent variables were divided into four categories: sociodemographic factors (age, religion, education),
medical factors (Body Mass Index (BMI), Mid—upper Arm Circumference (MUAC), HIV infection, American Society
of Anesthesiologists (ASA), gestational hypertension, gestational diabetes), pregnancy and obstetric factors (parity,
antenatal screening (ANC), ANC booking, frequency of ANC visits, gestational age, premature rupture of membranes
(PROM), duration of membrane rupture, number of vaginal examinations, chorioamnionitis) and procedural factors (type
of cesarean section, amount maternal blood loss, duration of operation, the skill of gynecologist, duration of antibiotic
prophylaxis, Timing of antibiotic prophylaxis, type of incision, type of anesthesia, previous cesarean section, type of skin
closure, postoperative determination of hemoglobin, type of the operation and where the procedure performed (public
and private) wound class).

Operational Definition
Mothers: For this study, mothers were referred to women of reproductive age 15-49 years according to WHO.%¢
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Wound Infection: For this study, wound infection was restricted to only infections arising from surgical incision after
cesarean section (CDC).%’

Body Mass Index (BMI) is a medical screening tool that measures a person’s weight in kilograms (or pounds) divided
by the square of height in meters. For this specific study use CDC guidelines for adult classification of BMI:<18.5 =
underweight,18.5 to 24.9= healthy weight,25.0 to 29.9 = overweight, and 30 and higher =obesity.*®

Mid-upper arm circumference (MUAC) is a measurement that enables medical professionals to quickly assess
whether a patient is acutely malnourished. For this study <22 =malnutrition, >22 = Normal.**

Quality Assurance

Data quality was maintained through various methods such as using the Kobo Collect software, building a Kobo server
(standardized data collection tools), 3-day training sessions for data collectors, monitoring the process of data collection,
and pre-testing the questionnaire before the actual survey. In addition, the microbiology laboratory has strictly followed
the quality assurance process. This means that Gram stain reagents and biochemical tests were checked with standard
strains of Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) at 37°C for 2448 hours to verify sterility.

Data Analysis

The Kobo collection was used to collect data. The collected data was exported to Epi-data for analysis. Data were
checked and cleaned with Epi-data version 3.1 and exported to the SPSS software version 25. Descriptive statistics such
as frequencies and summary statistics (mean, standard deviation, and percentage) describe the study population in terms
of sociodemographic, bacterial profile, and other relevant variables. For continuous variables, normality was tested using
visual inspection and Shapiro—Wilk statistical tests. Assumed normality if the p-value was > 0.05. Categorical data was
compared using the chi-square test. SSI after the CS rate was calculated by performing descriptive statistics and
subsequent bivariate and multivariate logistic regression. Factors with a significance level of < 0.25 were included in
the bivariate logistic regression analysis. In multivariate logistic regression analysis, the presence and degree of
association between dependent and independent variables were calculated using odds ratios with 95% confidence
intervals (CI) and p-value. Statistical significance was considered at p-values < 0.05. The presence of collinearity
between the explanatory variables was assured by the inflation variance coefficient at the threshold of 10*® and no
collinearity was found.

Ethical Consideration

The Institute for Advanced Medical Research and Training (IAMRAT), College of Medicine, University of Ibadan,
Ibadan, Nigeria approved the study under registration numbers [/UCH EC NHREC/05/01/2008a and UI/UCH. The Ethics
Committee has assigned the number UI/EC/20/0501. The study was also approved by Saint Paul’s Hospital Millennium
Medical College and Addis Ababa Health Bureau Ethics Committee. Written informed consent was obtained from each
study participant prior to beginning data collection techniques. Written consent was obtained after discussing study
objectives, data collection processes, benefits and risks of participating in the study, and the volunteer nature of the study.
The study conforms to the standards of the Declaration of Helsinki.*’

Results

Socio-Demographic and Medical Characteristics

The final analysis included 741 women with a response rate of 90.2% (Figure 1). The median age of the women was 28 years
and varied between 25 and 30 years. Almost all women were married, 715 (96.5%), and more than half, 438 (59.1%) were
housewives. About 493 (66.6%) of the women were Orthodox Christians and 505 (68.2%) of the women had secondary or
tertiary education. The median body mass index (BMI) for the women was 24.4 kg/m2, between 21.7 kg/m?2 and 27.3 kg/m2.
Most women had a BMI between 18-24 3 (51%). The mean MUAC was 24.4 cm, ranging from 22 cm to 26 cm. Regarding
health status, most women had ASA class I, 328 (54.1%), about 157 (21.2%) of them had gestational hypertension, 21 (2.8%)
were HIV positive, and 43 (58%) of the women had gestational diabetics (Table 1).
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N=787 Cesarean section (CS) women admitted to
the seven hospitals were recruited prospectively and
commenced the follow-up.

f Decline to take part ]

'l in study (n=15)

N=772 post-operative CS women were screen

for eligibilit
& Y [n =3 women were excluded because\
they had undergone re-surgery in the
same site
——>
n =2 women took antibiotics before
n =765 women fulfil the inclusion coming the operation
criteria n=2 women came outside Addis
\Ababa (study setting) j
n=504 n =261
Emergency Elective CS
CS
n=488 n= 16 lost n= 8 lost n=253
followed up from follow from follow followed up

to 30 day up up to 30 day

Complete follow up for 30 day
postoperatively n =741

Figure | Flow diagram of the overall recruitment and follow-up process of women after CS surgery in government and private hospitals in Addis Ababa, Ethiopia.

Pregnancy and Obstetrics-Related Characteristics of VWomen

Four hundred and forty-nine (60.6%) women were multipara with a median of 2 (IQR: 1-3). Almost all of the women, 705
(95.1%) had a history of ANC follow-up. Of these, 400 (54%) women initiated ANC bookings between 12 and 28 weeks, and
approximately 572 (77.2%) women had at least four ANC visits. Most women, 399 (53.8%) had a cesarean section at the time
of terms. About 84 (11.3%) of female membrane rupture (PROM) before surgery. Of these, 31 (36.5%) women had membrane
rupture lasting longer than 12 hours, and approximately 455 (61.4%) women had labor duration < 24 hours. Approximately
two hundred and nine (39.3%) of women had four or more vaginal examinations (Table 2).

Procedural-Related Characteristics of VWomen

Prophylaxis antibiotics were administered to all cesarean delivery patients within 30 minutes before surgery. The most
commonly used antibiotic was ampicillin, which was administered to 637 (86%) women. The technique of subcuticular
skin closure was used in 722 (97.4%) women and 488 (65.9%) women were emergency delivery. Almost all women
received spinal anesthesia (96.8%). The majority of the women had estimated blood loss of 500 mL or less (96.11%).
Most women were discharged from the hospital within the first three days following CS, with a range of hospital stays
from two to four days. The average time for the development of post-CS SSI during the follow-up study was nine days,
ranging between 8 and 10 days. As for the person who performed the cesarean section operation, most of the procedures
were performed by residents in the second or third year of the obstetrics and gynecology training program. The median
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Table | Socio-Demographic and Medical Characteristics of Women SSI After CS at Public and
Private Hospitals in Addis Ababa, Ethiopia, from July to September 2022 (N= 741)

Variable Category Total
Frequency Percent (%)
Age in year 18-24 165 223
25-34 487 65.7
3549 89 12.0
Marital Status Married 715 96.5
Separated 18 2.4
Single/cohabiting 7 0.9
Educational Status Unable to write and read 35 4.7
Primary education 199 26.9
Secondary and Above 505 68.2
Body Mass Index Normal weight 377 50.9
Underweight 7 0.9
Overweight 357 482
Mid—upper arm circumference Malnutrition 226 30.5
current Normal 515 69.5
Health status ASA | 401 54.1
ASA Il 328 443
ASA I I 1.5
HIV Status Non-reactive 720 97.2
Reactive 21 28
Gestational hypertension Yes 157 21.2
No 583 78.7
Gestational diabetes Mellitus No 697 94.1
Yes 43 5.8

procedure time was 40 minutes (range 30 to 50 minutes) and most women had clean contaminated wounds 710 (95.8%).
A considerable number of gynecologists 633 (85.4%) used soap and water for surgical hand scrubbing, and 632 (85.4%)
used povidone-iodine for skin preparation (Table 3). Regarding to indication for operation, two hundred and nine women
were fetal distress (28.2%) (Table 4).

Incidence of SSI After Cesarean Section

Of 741 study women, 86 had developed SSI after CS, making an incidence rate of 11.6% (95%Cl: 9.4, 13.6). Among
these, 75 women were traced through follow-up and readmission. The remaining 10 of them were identified before
discharge. Almost all (94.1%) cases were superficial wounds, and the highest incidence of post-CS infection was
observed in public referral hospitals 85 (11.4%).
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Table 2 Pregnancy and Obstetrics of Women SSI After CS at Public and Private
Hospitals in Addis Ababa, Ethiopia, from July to September 2022 (N= 741)

Variable Category Total
Frequency Percent (%)
Parity | 311 42.0
24 402 543
25 28 38
ANC cheek up Yes 705 95.1
No 35 4.7
ANC booking start during pregnancy | <I2 weeks 296 42.0
12-28 weeks 386 54.8
228 weeks 23 33
Number of ANC visits | time 9 1.2
2-3 times 124 16.7
24 times 572 772
Gestational age <37 wks 167 225
37—-40wks 399 53.8
240wks 171 23.1
Premature rupture of membrane No 645 87.0
Yes 85 13.0
Duration membrane rupture <I2hr 54 63.5
212hr 31 36.5
Number of vaginal examinations No exam 215 29.0
1-3 times 235 31.7
24 times 291 393
Chorioamnionitis No 713 96.2
Yes 27 3.6

Abbreviation: ANC, Antenatal care visit.

Identified Bacterial Isolates

Wound swabs or pus aspirates were taken from individuals who developed a post-CS infection (n = 62). Among these,
75.8% (47/62) had positive for a culture test while the remaining 24.2% were negative. Forty-seven bacterial isolates
were identified with 70.2% being Gram-negative, 25.5% being Gram-positive, and 4.2% showed no growth. The most
commonly isolated bacteria were S. aureus, accounting for 22 (37.3%), followed by E. coli (27.1%), Klebsiella
pneumoniae (22.0%), Pseudomonas aeruginosa (5.1%), and no growth in 4.2% of cases (Figure 2).

Factors Associated with Surgical Site Infection Following Cesarean Section
In binary logistic regression analysis, variables with p < 0.25 have been included in multiple binary logistic regression
models. Fourteen of the thirty independent variables met this criteria and were selected for multivariate analysis. In the
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Table 3 Procedural-Related Characteristics of Women SSI After CS at Public and Private
Hospitals in Addis Ababa, Ethiopia, from July to September 2022 (N= 741)

Variable Category Total
Frequency Percent (%)
Type of cesarean section Emergency 488 65.9
Elective 253 34.1
Preoperative antibiotic prophylaxis Yes 729 98.4
No I 1.5
If yes, the time antibiotic given <60 minute 721 97.1
>60 minute 8 1.2
Duration of the operation <60 minute 671 90.6
>60 minute 70 9.4
Estimation of blood lose <500mL 712 96.1
2500 29 3.9
Who performs the operation Resident <3 565 76.2
Resident >4 36 49
Gynecologist 140 18.9
Where the procedure was performed | Governmental 635 85.7
Private 105 14.2
Incision type Transverse 619 835
Vertical 120 16.2
Type of anesthesia Spinal anesthesia 714 96.4
General anesthesia 25 34
Previous cesarean section No 468 63.2
Yes 272 36.7
Type of skin closure Subcuticular 722 974
Interrupted 17 23
Postoperative hemoglobin label <llg/dl 229 30.9
2| |g/dl 512 69.1

Abbreviation: g/dl, grams per deciliter.

multivariate logistic regression, where the procedure was performed, ANC booking, frequency of ANC visits, number of
vaginal examinations, PROMs, type of incision, and postoperative hospital stays were significant predictors of surgical
site infection after CS.

Accordingly, women who underwent operation procedures in public hospitals were 11.1 times more likely to develop an
infection after a cesarean section than in private ones (AOR: 11.1, 95% CI: 1.48, 45, 14). The odds of women who started ANC
followed -up at > 28 weeks were 6.99 times more likely to develop post-CS infection than women who started ANC followed up
before 12 weeks (AOR: 6.99, 95% CI: 2.09, 23.32). Likewise, women who had two to three ANC frequency visits were 3.11
times more likely to develop an infection after a cesarean section than women who had four or more ANC visits (AOR: 3.11, 95%
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Table 4 Indication for CS Operation of Women SSI After CS at Public and Private
Hospitals in Addis Ababa, Ethiopia, from July to September 2022 (N= 741)

Indication Frequency Percent (%)

Fetal-distress 209 28.2
Cesarean section scar 134 18.1
Preeclampsia 74 10.0
Mal presentation 60 8.1
Prolonged second stage 52 7
Cephalopelvic Disproportion (CPD) 51 6.9
Grade 3 Meconium Stained Amniotic Fluid (G3MSAF) 47 6.3
The prolonged latent second stage of labour 39 5.3
Antepartum_hemorrhage 35 4.7
Twin 18 24
Others 29 39

CI: 1.69, 5.75). The odds of developing an infection after a cesarean section with a history of PROM was two-fold higher than
those without PROM (AOR: 2.10, 95% CI: 1.04, 4.24). The odds of developing an infection after cesarean delivery was three-
fold higher in women who had at least four vaginal examinations (PV) than women who had not (AOR =4. 21, 95% CI%: 1.35,
6.92). In addition, the likelihood of infection after a cesarean section increased with the length of hospital stay. Women who

stayed in the hospital for less than seven days were 63% less likely to develop an infection after cesarean than women who stayed
in the hospital for more than seven days (AOR =0.37, 95% CI: 0.15, 0.91). Similarly, women with transverse incisions were 62%
less likely to develop infections after cesarean delivery than women with vertical incisions (AOR = 0.38, 95% CI: 0.20, 0.72)).

(Table 5).

IClEria

olated Bz

Proportion Of Is

[ype Of Isolated Bacteria

Figure 2 The proportion and type of bacteria isolated from women who had post-cesarean surgical site infection (n =47).
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Table 5 Bivariate and Multivariate Logistic Regression Analysis of Factors Associated with SSI After Cesarean Section
at Public and Private Hospitals in Addis Ababa, Ethiopia, from July to September 2022 (N= 741)

Variable Category ssli COR (95% CI) AOR (95% CI)
Yes (%) | No (%)
Age 18-24 3118.8% | 13481.2% | 3.88 (1.45, 10.38) | 2.59 (0.72, 9.38)
25-34 50 10.3% | 437 89.7% | 1.92 (0.74, 4.96) 1.89 (0.55, 6.50)
3549 55.6% 84 94.4% Reference Reference
HIVAIDS Non-reactive 79 11.0% | 641 89.0% | Reference Reference
Reactive 7 33.3% 14 66.7% | 4.05 (1.59, 10.35) | 2.32 (0.58, 9.22)
ANC booking start during pregnancy | <12 weeks 24 8.1% 272 91.9% | Reference Reference
12-28 weeks 389.8% | 348 90.2% | 1.23 (0.72, 2.11) 0.87 (0.49, 1.56)
228 weeks 9 39.2% 14 60.9% | 7.28 (2.85, 18.57) | 6.99 (2.09, 23.32)*
Number of ANC visits | time 3333% | 666.7% 6.15 (1.48,25.47) | 4.49 (0.74, 27.15)
2-3 times 3024.2% | 94 75.8% | 3.59 (2.13, 6.06) 3.1 (1.69, 5.75)*
24 times 41 72% | 531 92.8% | Reference Reference
PROM No 65 10.1% | 580 89.9% | Reference Reference
Yes 1821.4% | 66 78.6% | 2.43 (1.36, 4.35) 2.10 (1.04, 4.24)*
Number of vaginal examinations No exam 9 4.2% 206 95.8% | Reference Reference
1-3 times 26 11.1% | 209 88.9% | 2.84 (1.30, 6.22) 2.68 (1.07, 6.13)
24 times 51 17.5% | 240 82.5% | 4.86 (2.33, 10.12) | 3.06 (1.35, 6.92)*
Chorioamnionitis No 83 11.7% | 629 88.3% | 1.06 (0 0.31, 3.58) | 0.99 (0.26, 3.85)
Yes 311.1% 24 88.9% Reference Reference
Incision type Transverse 66 10.7% | 553 89.3% | 0.55 (0.32, 0.94) 0.38 (0.20, 0.72)*
Vertical 20 16.7% | 100 83.3% | Reference Reference
Previous cesarean section No 62 13.2% | 406 86.8% | Reference Reference
Yes 2488% | 248 91.2% | 0.66 (0.41, 1.10) 1.01 (0.47, 2.19)
Postoperative hospital stay <7day 72 10.4% | 622 89.6% | Reference Reference
>7day 1429.8% | 3370.2% | 0.27 (0.13, 0.53) 0.37 (0.15, 0.91)*
Where the procedure was performed | Public hospital | 85 13.4% | 550 86.6% | 16.07 (2.21, 82.71) | 11.11 (1.48, 45.14)*
Private hospital | | 1.0% 104 99.0% | Reference Reference

Note: *Statistically significant at p<0.05.

Abbreviations: COR/AOD, crude/adjusted odds ratio; Cl, confidence interval; HIV, human immunodeficiency virus; ANC antenatal care PROM,

premature rupture of membranes.

Discussion

This study was conducted to estimate SSI after cesarean section by identifying the incidence, predictors, bacterial profile, and
associated factors in four public hospitals and three private referral hospitals in Addis Ababa. Of a total of 741 women who
were studied, 86 developed SSI with an incidence of 11.6% (95% CI: 9.4, 13.6). The procedure performed in public hospitals,
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ANC booking start during pregnancy, frequency of antenatal visits, number of vaginal examinations, type of incision,
premature rupture membrane, and postoperative hospital stay were independent predictors of surgical site infection.

This study showed relatively higher incidence of post-cesarean infection (11.6%) than studies conducted in other
regions of Ethiopia. Reported in Felegehiwot referral hospitals (7.8%),>® Debretabor General Hospital (8%)'* Nekemte
referral hospitals (8.9%),” and Zewditu Memorial Hospital (8.4%).'® This incidence is also higher than study conducted
in other African countries such as 5.34% in Egypt,6 7.3% in sub-Saharan Africa,®>' Asian countries, 5.8% in Pakistan,'’
and 1.7% in China’ and others developed countries, the United States of America (5%),>' and Ankara (6.2%).>
Moreover, in agreement study conducted in Ayder referral hospital (11.7%)"® and Sierra Leone (11%).** The Possible
explanations for the difference might be the study setting, the study design, the type of operation, the patient’s
characteristics, and patient follow-up to evaluate wound complications and perioperative infection prevention and control
practices. In addition, some studies rely solely on medical records, which may underestimate the incidence of SSI due to
unrecorded outcomes, such as the study conducted at Nekemte Hospital and Felegehiwot Referral Hospital.

In this study, women with an ANC booking >28 weeks and two to three ANC visits had a seven and three times greater risk
of developing infection after cesarean section than women with ANC booking < 12 weeks and more than four ANC visits,

1'® and Egypt.° A possible reason for this could be that

respectively. Similar study from Debre-Markos Referral Hospita
booking ANC <12 reduces complications such as prolonged membrane rupture, chorioamnionitis, and obstructed labor. In
addition, regular ANC monitoring provides women and their families with relevant information and advice for a healthy
pregnancy, safe delivery, and postnatal recovery. Evidence from World Health Organization (WHO) also supports this finding,
the minimum number of ANC visits increased from four to eight experiences in 2016, with the first contact made within the
first 12 weeks of pregnancy.*® Further, the results of a cross-sectional study conducted at a facility in central Tigray, Ethiopia,
showed that the number and timing of ANC (Early Book) visits is good timing to rise awareness of pregnancy problems,
Signs, and symptoms that could lead to early access to the relevant pregnancy complications.*

Likewise, in this study, women who underwent vertical incisions had an increased rate of SSI. This study is consistent
with studies conducted in India,** Nigeria,*> and Ethiopia.'' The reason may be due to the type of skin incision used in
cesarean section, which runs parallel to the course of the transected segmental nerves, thereby minimizing postoperative
muscle strain and paralysis, which can result in decreased muscle activity. It gets to the puncture site, resulting in delayed
wound healing, increased risk of wound infection, and increased risk of infection. This study found that multiple vaginal
examinations during labor were significantly associated with the development of post-CS infection. This finding is
consistent with a study from Ireland® and Debre-Markos Referral Hospital in Ethiopia.'* The reason may be that repeated
vaginal examinations can transmit the endogenous vaginal flora that causes SSI to the upper genital tract.

Women with a history of PROM were twice as likely to develop an infection as women without a history of PROM.
Many studies supported the findings and confirmed that SSI was significantly associated with PROM.'*'?2%3¢ A possible
explanation could be that the natural barriers to infection during pregnancy include the cervical mucus plug, amniotic
membrane, and amniotic fluid; however, this protective function is disrupted when these natural barriers are damaged as
the amniotic fluid loses its sterility. It is believed that unsterile amniotic fluid can serve as a portal of entry for germs into
the uterine and skin incision, and instead cause chorioamnionitis and associated inflammation.

The risk of infection after cesarean section increased with the length of hospital stay. This is in agreement with a study
conducted in Switzerland,?” Malaysia,*® and Harar City.'® The reason could be hospital spaces are assumed to be contaminated
due to patients, attendants, and health professionals. Cross-contamination occurs between patients, health professionals,
equipment, the environment, and air. Further, patients with longer post-operative stays have more exposure to colonization
and contamination with pathogenic microorganisms, potentially lowering the host’s resistance to infections. As a result, the risk
of surgical site infection after CS was increased.’” In contrast a study conducted in Kosovo® found that the length of hospital stay
after surgery was not associated with post-CS infection. This discrepancy result might be due to differences in the quality of
healthcare facilities, ward cleanliness, healthcare experience, and health status among these countries and socioeconomic groups.

This study also revealed the odds of developing surgical site infection after CS were 11 times higher among women
who operated public hospitals than private hospitals. This study is in agreement with a study conducted in Bahir Dar
hospitals, in Ethiopia.>® One possible explanation would be that public hospitals had a higher patient flow and performed
(85.7%) more CS procedures than private hospitals (14.2%), which raised the incidence of surgical site infections and
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caused problems. Evidence supports this finding that the number of cesarean case flows is high, and the number of post-
cesarean section infections is expected to increase.*” In addition, the present study showed that the majority (81.1%) of
surgeries in public hospitals were performed by third- and fourth-year residence students, compared to just (18.2%) of the
patients who were operated on by senior surgeons. Another reason could be that private hospitals are relatively clean and
implement strict infection prevention strategies to increase patient satisfaction.

In this study the most common bacteria isolated from CS wounds was S. aureus 22 (37.3%); which agrees with
a study from Indonesia at Cipto Mangunkusumo Hospital*' and Kosovo.’ Contrary to what was found at Kenyatta
National Hospital, Escherichia coli was the most frequently isolated bacteria from CS wounds (27.2%).** The discre-
pancy may be due to different aseptic techniques, geographic distributions of pathogens, patterns of bacterial resistance,
different surgical procedures, and different identification methods used in bacterial isolation and the hospital setting.

Limitation of Study
The limitation of this study was authors did drug sensitivity tests; however, more data was needed to draw any
conclusions. In addition, the study did not examine a significant association between variables related to health
professionals, methods of sterilization of equipment, frequency, and number of operation rooms. The methodological
strength of this study was in the presence of post-discharge follow-up of surgical patients, considering the large sample
size and bacterial profile used.

Conclusion

In this study, the incidence of surgical site infection after cesarean section was high compared to previously published studies.
Delayed ANC booking, two to three ANC visits, multiple vaginal examinations, PROM, vertical incision, longer postoperative
hospital stays, and procedures in public hospitals were associated with increased risk of SSI after CS. Therefore, hospitals should
think about creating and putting into place mechanisms like post-discharge surveillance, starting treatment early to prevent
complications, and evaluating the impact of all preventive and corrective measures to make sure their rate is below the expected
range. Moreover, planning to avoid unnecessarily prolonged hospital stays, education about the need for early ANC booking
during pregnancy, increased ANC follow up time, compliance with infection prevention guidelines, considered a comprehensive
evaluation of the membrane to avoid avoidable SSI and maternal morbidity. In addition, Staphylococcus aureus was the most
common bacterial finding in cesarean section wounds. To prevent Staphylococcus bacterial infection, it is very important to wash
hands regularly and cover the wounds with clean, dry bandages until they are fully healed.
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