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Abstract
Background: Post-caesarean section surgical site 
infection is associated with significant morbidity and 
mortality. Risk factors vary from one centre to another. 
Therefore, identifying the relevant risk factors in a 
centre is necessary to formulate an evidence-based 
protocol

Aim: To identify the relevant risk factors for post-
caesarean section surgical site infections.

Objectives: Determining the prevalence, risk factors 
and bacterial isolates for post-caesarean section 
wound infections.

Methodology: This was a prospective comparative 
study of 140 women delivered by caesarean section. 
The incision sites were inspected for evidence of 
infection on post-operative days two and four. Non-
infected patients were discharged and followed up 
by telephone calls. Those who reported symptoms of 
wound infection were examined at the gynaecological 
emergency, and swabs were taken from all infected 
wounds for microbiological analysis.

Data was analyzed using the SPSS version 20. 
Associations between wound infection and known risk 
factors were tested using chi-square and odd ratio at 
95% confidence interval and significant p-value of 
<0.05.  

Results: A total of 7 patients had wound infection, 
giving a prevalence of 5%. The relevant risk 
factors were surgeries performed by junior doctors, 
Prolonged operation time and premature rupture of 
membranes. Staphylococcus aureus was the most 
common microorganism responsible for the wound 
infections.

Conclusion: Post-caesarean section SSI is a 
significant concern, mainly associated with emergency 
surgeries performed by junior doctors, prolonged 
operation time, and PROM.

Keywords: Caesarean Section, Comparative 
Study, Gombe, Infected and Non-Infected Patients, 
Northern Nigeria, Post-Caesarean Section Surgical 
Site Infections, Wound Infection

Introduction 
Caesarean Section (CS) is a surgical operation which 
involves delivery of the fetus and placenta after the 
age of viability, through an incision made on anterior 
abdominal wall and the uterus [1]. It is a common life-
saving surgery with a global rate of 18.6% [2].  Com-
plication such as surgical site infections (SSI) is as-
sociated with maternal morbidity and mortality [3,4]. 
The Centre for Disease Control (CDC) defined Sur-
gical Site Infection (SSI) as infection which occurs at 
the incision or operation site (including drains) with-
in 30 days after surgical procedure if no implant is 
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in Tanzania reported more than two-fold increased 
risk for SSI among hypertensive women compared to 
normotensive patients (HR 2.2 CI 1.1-4.7) [13]. Da-
hya et al, in India, reported 29.3% of women who had 
post-caesarean SSI had pregnancy induced hyper-
tension (PIH) while only 4.03% of the non-infected 
cases had PIH [22].  Hypertensive disorders may 
cause hypoalbuminemia and edema in the subcuta-
neous space, in addition to chronic alteration in per-
ipheral blood supply leading to poor tissue perfusion 
and delayed wound healing [14,19,22,23].  
Significant association has been reported between 
pre-operation anaemia and post-caesarean section 
SSI. Retrospective case-controlled study, in Awka, 
Nigeria, reported a significant significant associ-
ation between pre-operation PCV less than 30% and 
Post-caesarean SSI (p=0.0009) [10].  Pre-operative 
packed cell volume (PCV) less than 30% increased 
the risk of post caesarean wound infection by 2.6 
times compared to value of 30% and above (OR 2.59 
CI 1.12-6.003) [1]. Similar finding was reported in 
India (OR 2.287 CI 0.905-5.780) [14]. Anaemia, caus-
es impaired tissue oxygenation leading to impaired 
wound healing predisposing to SSI. In addition, it 
causes dysfunction of oxidative activities within the 
tissue leading to tissue death, which ultimately cre-
ate conducive environment for SSI. On the contrary, 
Ezechi and colleagues in Southern Nigeria reported 
no association between anaemia and post caesar-
ean section SSI [9]. 
Rupture of fetal membranes less than 24 hours had 
89% lower odds of developing post-caesarean sec-
tion SSI compared to those with membranes rup-
ture more than 24 hours [3]. Prolonged rupture of 
membranes quadrupled the risk for post-caesarean 
SSI according to report, by Ezechi in Southern Ni-
geria [9]. Premature Rupture of Membranes (PROM) 
allows easy migration of vaginal organisms to the 
cervix and amniotic cavity causing chorioamnionitis 
and predisposing to post caesarean section SSI [18]. 
Evidence suggest that labour duration more than 
12 hours triples the odds of post-caesarean section 
SSI [13,15]. This may be related to repeated vaginal 
examinations, labouring in a dirty environment, and 
subsequently referred to the hospital as potential 
septic cases for emergency surgeries [3,8].

left in place [5-7]. The CDC diagnostic criteria for SSI 
requires at least one of the following: purulent drain-
age with or without laboratory confirmation, positive 
culture from wound swab, at least one of the follow-
ing signs or symptoms (pain or tenderness, localized 
swelling, redness or hotness), incision deliberately 
opened by surgeon unless incision is culture-nega-
tive, diagnosis of SSI made by surgeon or attending 
physician [5].
Surgical site infections complicate 7% to 12.5% of 
caesarean sections in Nigeria and sub-Saharan Af-
rica [3,4,8-13]. In Asia and United States of America, 
incidence range between 2-9% has been reported 
[14-16]. Several risk factors for post caesarean SSI 
have been reported in the literature, but their relative 
contributions vary from one centre to another.
Maternal obesity and overweight are recognised 
risks for SSI following caesarean section: Body Mass 
Index (BMI) more than 25kg/m2 doubled the odds for 
post-caesarean section SSI, and the risk increases 
with rising BMI [9,17]. This association may be due 
to relative avascularity of subcutaneous fat, which 
leads to poor tissue oxygenation and poor penetra-
tion of prophylactic antibiotics [18-20].  Secondly, the 
incision in overweight and obese patients is likely to 
be longer, thus exposing more tissue to manipulation 
and contamination. Furthermore, obesity may lead 
to technical difficulty in securing haemostasis and 
haematoma formation thus, increasing SSI risk [15].
Diabetes predispose to post caesarean SSI. Wloch 
et al in a prospective multi centre study in England, 
reported 15.6% risk of post-caesarean SSI among 
patients with pre-gestational and gestational dia-
betes compared to 9.6% among non-diabetics (OR 
1.8 CI 1.2-2.6) [17]. Diabetes is associated with 
impaired leukocyte functions and increased risk of 
vascular atherosclerotic disease, which may delay 
wound healing and predispose to surgical site infec-
tion [17,21]. On the contrary, a retrospective study in 
Saudi Arabia did not find significant association be-
tween post caesarean SSI and diabetes [15].
Pregnancy induced hypertension increased the like-
lihood of post-caesarean SSI.  About four-fold in-
crease in SSI risk was reported among women with 
hypertensive disorders in pregnancy in India (OR 
3.971 CI 2.179-7.237) [14]. Similarly, Mpogoro et al 
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Prolonged duration of surgery increases the likeli-
hood for post-caesarean SSI. Operation time of more 
than one hour has been found to be significantly as-
sociated with SSI (p-value 0.0009) [10]. The odds for 
post-caesarean SSI are almost tripled by operation 
time more than one hour (OR 2.87 CI 1.12-4.23) ac-
cording to report by Ezechi et al in Nigeria [9].  Found 
that 92.59% of patients who had surgery duration 
more than one hour developed post-caesarean sec-
tion SSI [22]. Prolonged operation time may lead to 
significant tissue contamination by microorganisms 
which predispose to SSI [20,22,24,25].
Evidence suggests association between intra-opera-
tive blood loss and post-caesarean section SSI. 
Jasim et al, in a retrospective cross-sectional study 
in Malaysia found significant relationship between 
intra-operative blood loss more than 500mls and 
post-caesarean SSI (p-value = 0.043) [26]. Retro-
spective case-controlled study in Saudi Arabia, 
by Aljama reported blood loss of 1000mls, almost 
doubled the odds for post-caesarean SSI (OR 1.76 
CI 0.95-3.26) [15]. High blood loss, may be due to 
poor haemostasis and use of more sutures, which 
promote tissue contamination there by increasing the 
risk SSI [8,11,27].
The level of expertise of the surgeon may be related 
to risk for post-caesarean SSI. Caesarean Section by 
junior doctors increased the risk of post-caesarean 
section SSI by 4-fold compared with those done by 
senior doctors in Tanzania [13]. Senior doctors are 
likely to have excellent surgical techniques such as 
effective haemostasis, gentle tissue handling, and 
avoiding injuries to hollow viscera. Therefore, the 
SSI rate is reduced [19]. On the contrary, Vijiyan and 
colleagues in India reported cases of SSI among 
caesarean section performed by faculty compared to 
those done by junior doctors (p=0.019). This could 
be explained by the fact that all high risk cases were 
done by senior doctors. A study in Southern Nigeria 
found no association between cadre of the surgeon 
and risk of SSI (p=0.1483) [10].
Emergency caesarean section (EMCS) is associated 
with a higher rate of SSI than elective caesarean sec-
tion (ELCS). Systematic review by Newlin reported 
tripled odds for developing SSI following EMCS 
compared to ELCS (OR 3.0 CI 1.4-6.5) [19]. In Tan-
zania, study by Mpogoro found SSI only among pa-

tients who had EMCS [13], while Onyegbule and col-
leagues in Nigeria, reported infection rate of 20% in 
EMCS group compared to 5% in the ELCS group [3]. 
Emergency caesarean section is likely to be associ-
ated with inadequate preparation time owing to fetal 
or maternal threats. Also, the patients undergoing 
emergency CS are likely to have had multiple vagin-
al examinations, ruptured fetal membranes, and at-
tempted home delivery by local midwife. These may 
increase the risk of bacterial contamination thereby 
increasing the risk of SSI [11,22,25].
Post-caesarean section SSI has distinctive sources of 
pathogens comprising skin and vaginal origin [18,27]. 
Staphylococcus aureus is the commonest pathogen 
[6,8,28]. Escherichia coli, Proteus mirabilis, Staphyl-
ococcus epidermidis, Bacteroides species, Clostridia 
Species, and Streptococcus species have also been 
isolated [8,9,22].
While it is evident that risk factors for post caesarean 
SSI are generally similar, their relative contributions 
vary from one centre to another. Therefore, this study 
was conducted mainly to determine the relevant 
risk factors, prevalence and bacterial pathogens for 
post-caesarean section surgical site infections in a 
busy obstetrics unit in Northern Nigeria in order to 
guide the design of evidence based protocol for it’s 
prevention. The study further adds to existing body of 
knowledge on post caesarean SSI with reference to 
Northern Nigeria.

Methodology

This was a prospective comparative study of 140 
pregnant women who had caesarean section at the 
Federal Teaching Hospital, Gombe, Northern Nigeria 
from October 2020 to February 2021. Convenience 
sampling method was used to recruit the participants 
until the required sample size was reached. A stan-
dardized caesarean section technique was used for 
all patients. They all had prophylactic Intravenous 
antibiotics (Co-Amoxiclav), with an additional 5-day 
course of oral antibiotics based on the existing hos-
pital protocol. 
Ethical approval was obtained from Research and 
Ethics Committee of the Federal Teaching Hospital 
Gombe (NHREC/25/10/2013), and consent to partici-
pate in the study was obtained from all patients.
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Data were collected using a pretested questionnaire. 
Relevant information were recorded, and the ques-
tionnaires were updated on the days of wound in-
spections. 
The Data were analysed using the SPSS version 20. 
Those who developed wound infection were com-
pared to those who were not infected. The presence 
of association between post-caesarean SSI and 
known risk factors was tested using Odds Ratio at 
95% Confidence Interval. A p- value of <0.05 was ac-
cepted as significant.

Sample Size Calculation  

Using the prevalence of 9.1% from a study in Kano, 
Northern Nigeria [8]. The sample size was calculated 
using Fischer’s exact formula for proportion:
n = Z2P(1-P)/D2

where n = sample size
z = constant (z)= 1.96 using 95% confidence interval

P= Prevalence 
D= absolute precision of the study, which is 0.05.
Therefore, n = 1.962 X 0.091 X0.909/0.052

n = 128
An additional 10% of the calculated sample size 
(12.8) was added to account for attrition which gave 
a total of 141 patients

Results

A total of 140 patients participated in this study. Sev-
en of them developed SSI, giving a prevalence of 
5.0%.
The socio-demographic characteristics of the patients 
are shown in (table 1). All the infected patients were 
within the age groups 15 to 34 years with a mean 
age of 25.1±5.7 years while that of the non-infected 
patients was 29±7.3 years. This difference was not 
statistically significant. Overall, 87.1% of the patients 
had formal education. 

Characteristics
SSI

Total x2 p-value
Yes n (%) No n (%)

Age (years)

15-24 3 (2.1) 36 (25.8) 39 (27.9) 0.8259 0.1504
25-34 4 (2.9) 66 (47.1) 70 (50.0) 0.3637 0.6981
35-44 0 (0.0) 29 (20.7) 29 (20.7)
≥45 0 (0.0) 2 (1.4) 2 (1.4)

Educational level

None 2 (1.4) 16 (11.5) 18 (12.9) 2.9424 0.4005
Primary 1 (0.7) 12 (8.6) 13 (9.3)

Secondary 3 (2.1) 49 (35.0) 52 (37.1)
Tertiary 1 (0.7) 56 (40.0) 57 (40.7)

Occupation

Unemployed 5 (3.6) 63 (45.0) 68 (48.6) 2.9717 0.0847
Civil servant 1 (0.7) 41 (29.3) 42 (30.0) 0.8665 0.3519

Trading 1 (0.7) 6 (4.3) 7 (5.0) 1.3376 0.2474
Student 0 (0.0) 15 (10.7) 15 (10.7)
Others 0 (0.0) 8 (5.7) 8 (5.7)

Ethnicity

Fulani 2 (1.4) 50 (35.7) 52 (37.1) 0.2319 0.6301
Tangale 0 (0.0) 16 (11.4) 16 (11.4)
Hausa 0 (0.0) 13 (9.3) 13 (9.3)
Yoruba 0 (0.0) 3 (2.1) 3 (2.1)

Igbo 1 (0.7) 4 (2.9) 5 (3.6) 2.4561 0.1170
Others 4 (2.9) 47 (33.6) 51 (36.5) 1.3652 0.2426

Religion
Christianity 1 (0.7) 47 (33.6) 48 (34.3) 1.3082 0.2527

Islam 6 (4.3) 86 (61.4) 92 (65.7)

Marital status parity
Married 7 (5.0) 133 (95.0) 140 (100)

Primigravida 5 (3.6) 32 (22.9) 37 (26.5) 7.6739 0.005
Multigravida 2 (1.4) 101 (72.1) 103 (73.5)
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A progressive decrease in proportion of infected pa-
tients with an increasing level of education was ob-
served, from 11.1% among those with no formal edu-
cation to 1.8% among patients with tertiary levels of 
education.  
The majority (73.6%) of the patients were multigrav-
ida. However, most (71.4%) of the infected patients 
were primigravida. This was statistically significant (p 
= 0.005).
The most common indications for the caesarean sec-
tion were previous caesarean section(s), cephalopel-
vic disproportion, and hypertensive disorders. They 
were responsible for 58.6% of all the caesarean sec-
tions (table 2).

Indication
SSI Total N 

(%)Yes n (%) No n (%)
Previous Caesarean 

section 0 31 (22.1) 31 (22.1)

CPD 1 (0.7) 25 (18.6) 26 (18.6)
Pre-eclampsia/ Ec-

lampsia 1 (0.7) 24 (17.1) 25 (17.9)

Obstructed labour 3 (2.1) 10 (7.1) 13 (9.3)
Bad obstetrics history 0 10 (7.1) 10 (7.1)

Fetal distress 0 6 (4.2) 6 (4.2)
Placenta previa 0 5 (3.6) 5 (3.6)

Fetal macrosomia 1 (0.7) 4 (2.9) 5 (3.6)
Breech presentation 0 5 (3.6) 5 (3.6)
Prolonged infertility 0 4 (2.9) 4 (2.9)
Abruptio placentae 1 (0.7) 2 (1.4) 3 (2.1)

Others 0 7 (5.0) 7 (5.0)
Total 7 133 140 (100)

Table 2: Indications for Caesarean Section and occurrence of 
SSI

In (table 3), the risk factors for post-caesarean 
section SSI were compared between infected and 
non-infected patients. The risk of post caesarean 
section SSI in prolonged operation time was statis-
tically significant (4.3% vs 0.7%, p-value = 0.005). 
It was 14 times more likely to develop post caesar-
ean SSI when the operation time is prolonged (OR = 
14.5). Patients with premature rupture of membranes 
were 10 times more likely to develop SSI compared 
to those with intact membranes (OR = 10.2, 95% CI 
=1.6-66.3), p = 0.04. The differences in the risks of 
post caesarean section SSI between infected and 
non-infected obese patients (2.9% vs 2.1%, p = 0.5) 
and hypertensive patients (2.1% vs 2.9%, p = 0.7) 
were not statistically significant. Other identified risk 
factors (prolonged labour, p = 0.09 and anaemia p 
= 0.674), were not statistically significant when simi-
larly compared. All the cases of post caesarean sec-
tion SSI occurred in the patients who had emergency 
caesarean sections. Majority (85.7%) of all cases of 
SSI in this study, had caesarean section performed 
by junior doctors while only 14.3% of cases were 
reported among surgeries by senior doctors. This 
translated to wound Infection rate of 8.5% (6 in 71 
surgeries) among junior doctors versus 1.5 (1 in 69 
surgeries) for senior doctors.

Risk factor
SSI n = 140(%)

Total z p-value OR 95% CI
Yes No

Obesity
Yes
No

Total

0.773 0.4393 1.8 0.4-8.5
4 (2.9) 56 (40.0) 60 (42.9)
3 (2.1) 77 (55.0) 80 (57.1)
7 (5.0) 133 (95.0) 140 (100)

Prom
Yes
No

Total

2.442 0.0146 10.2 1.6-66.3
2 (1.4) 5 (3.6) 7 (5.0)
5 (3.6) 128 (91.4) 33 (95.0)
7 (5.0) 133 (95.0) 140 (100)

Booking status
Booked 3 (2.1) 78 (55.7) 81 (57.8) 0.7662 0.3813

Unbooked 4 (2.9) 55 (39.3) 59 (42.2)
Table 1: Socio-demographic characteristics of the patients
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Staphylococcus aureus (40.0%) was the most com-
mon bacterium isolated from the infected wounds. 
All the bacterial isolates were sensitive to Amoxicil-
lin-clavulanic acid.  

Discussion

The prevalence of post-caesarean section SSI in this 
study was 5%. This is similar to the incidence of 4.9% 
reported in Rwanda [12]. This may be due to similar-
ity in designs of both studies. A higher incidence of 
7.3% was reported in a multi centre study by MSF. 
Study in Kano, Nigeria also reported a much higher 
incidence of 9.1% [8]. This could be related to the 
smaller sample size in this study compared to studies 
cited above. In addition, our study was conducted in 
a tertiary centre where a high level of asepsis was 
maintained combined with timely administration of 
prophylactic antibiotics. 
The risk factors associated with post-caesarean sec-
tion SSI in this study were prolonged operation time, 
emergency caesarean section, surgery by junior 
doctors, prolonged labour, obesity, and PROM. Com-
parison of the associated risk factors between in-
fected and non-infected patients found that the risk of 
post-caesarean SSI in prolonged operation time was 
statistically significant (4.3 vs 0.7); p-value = 0.005. 
Patients with prolonged operation time were about 14 
times more likely to develop SSI compared to those 

with operation time less than or equal to 60 minutes 
(OR = 14.5, CI = 1.7-124.1). Studies in Nigeria and 
India, corroborate this finding [10,22].  
The difference in the risk factors between infected 
and non-infected obese patients (2.9% vs 2.1%) was 
not statistically significant (p = 0.4393). This is similar 
to report by Mpogoro in Tanzania [13]. This may be 
related to the fact that in our study, difficult caesarean 
sections which include caesarean section for obese 
women were done by senior registrars and consult-
ants, who are more experienced in adopting meas-
ures to prevent SSI. The finding is however contrary 
to results of studies by Ezechi and Wloch in Nigeria 
and England respectively [9,17]. 
Patients with pre-labour rupture of membranes 
(PROM), were 10 times more likely to develop SSI 
compared to those with intact membranes before 
the onset of labour (OR = 10.2, 95% CI = 1.6-66.3). 
The difference between infected and non-infected 
patients with PROM (1.4% vs 3.6%) was statistically 
significant (p = 0.0146). This is similar to the results 
of the study by Ezechi in Southern Nigeria [9].
Observations from this study revealed that prolonged 
labour almost quadrupled the odds for post-caesar-
ean SSI (OR 3.6 CI 0.8-17.1). The difference between 
infected and non-infected patients with prolonged 
labour was, however, not statistically significant (p = 
0.09). This is similar to the report by Ezechi  in Ni-
geria [9]. On the contrary, a study in Tanzania found 

Prolonged labour
Yes
No

Total

1.602 0.1092 3.6 0.8-17.1
3 (2.1) 23 (16.4) 26 (18.5)
4 (2.9) 110 (78.6) 114 (81.5)
7 (5.0) 133 (95.0) 140 (100)

Prolonged operation time
Yes
No

Total

2.436 0.0149 14.5 1.7-124.1
6 (4.3) 39 (27.9) 45 (32.2)
1 (0.7) 94 (67.1) 95 (67.8)
7 (5.0) 133 (95.0) 140 (100)

Anaemia
Yes
No

Total

0.764 0.4449 0.4 0.1-3.7
1 (0.7) 37 (26.4) 38 (27.1)
6 (4.3) 96 (68.6) 102 (72.9)
7 (5.0) 133 (95.0) 140 (100)

Hypertensive disorders
Yes
No

Total

0.403 0.6868 1.4 0.3-6.4
3 (2.1) 47 (33.6) 50 (35.7)
4 (2.9) 86 (61.4) 90 (64.3)
7 (5.0) 133 (95.0) 140 (100)

Table 3: Comparing risk factors between infected and non-infected patients
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significant association between prolonged labour and 
SSI (OR 3.0 CI 1.6-6.0), (p = 0.002) [13].  
All the cases of SSI in this study occurred in patients 
who had emergency caesarean sections. Studies 
in Tanzania and Estonia corroborate this finding 
[13,29]. This may be related to the fact that these pa-
tients were likely to have had multiple vaginal exam-
inations, ruptured fetal membranes and had attempts 
of home delivery by local midwife which may predis-
pose to development of SSI.
The majority (85.7%) of cases of SSI in this study 
occurred in patients whose surgeries were per-
formed by junior doctors. Only 14.3% of cases of SSI 
occurred among patients who had their caesarean 
section performed by senior doctors. Similar finding 
was reported in Tanzania [13]. This may be because 
senior doctors are likely to have excellent surgical 
techniques to minimize the risk for SSI. On the con-
trary, Vijiyan et al, in India reported more cases of 
SSI among patients operated by consultants com-
pared to those done by residents (p=0.019) [14]. In 
their study, however, all complicated cases and most 
emergency surgeries were performed by assistant 
professors while residents performed uncomplicated 
surgeries assisted by consultants. 
The most common bacterial pathogen responsible 
for post-caesarean SSI in this study was Staphylo-
coccus aureus. It was isolated in 40.0% of the cul-
ture positive cases. This finding is similar to reports 
by Kondakasseril and Jido in India and Nigeria re-
spectively [6,8]. On the contrary, Nwanko et al in Ni-
geria and Dahya et al in India, found Escherichia coli 
as the commonest pathogen [22,30]. Other organism 

we isolated were Escherichia coli, Enterococcus Spp. 
and Streptococcus Spp. We found sterile infection in 
28.5% of cases of SSI, which is much higher than 
6.8% reported in Kano, Nigeria [8]. 

Limitations of the Study

Convenience sampling method used in this study is 
associated with bias and may not be true reflection 
of the entire population. Secondly, the sample size 
was small; a cohort study with larger sample size 
may reveal more information on the risk factors for 
post-caesarean SSI in our centre. The patients’ per-
sonal hygiene and other follow-up instructions could 
not be controlled at home.

Conclusion

Post-caesarean section SSI is a significant concern. 
It is significantly associated with premature rupture 
of fetal membranes, emergency caesarean section, 
surgeries performed by junior doctors and prolonged 
operation time. Staphylococcus aureus is the most 
common organism responsible for post-caesarean 
SSI.
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