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Abstract: In Nigeria, delivery by caesarean section which was once a dreaded event due in part to possible complications,
fear and cost implications has over the past few years gain acceptance especially among the urban dwellers, as more women
and doctors opt for caesarean delivery, resulting to increase in incidence of caesarean site infections. A total of one hundred
and ninety four (194) caesarean sites of women who have undergone caesarean section delivery in three federal capital territory
hospitals with signs of infection were screened for bacterial infection between September, 2017 and July 2018. Specimens
were collected using sterile cotton swab and processed using standard operative procedures in appropriate culture media and
susceptibility test was done using Kirby-Bauer disc diffusion technique. The result showed that forty six (46) out of the total
(194) were found to be infected. This represented a 23.71% infection rate. The infection was polymicrobial in nature with
various bacterial species such as; Escherichia coli, Enterobacter spp, Staphylococcus aureus, Staphylococcus epidermidis,
Pseudomonas aeruginosa, Klebsiella spp and Proteus spp, isolated. The single most commonly infecting organism was found
to be Escherichia coli which had been isolated from 13(28.26%) samples, followed by Staphylococcus aureus 10(21.74%),
Staphylococcus epidermidis 8(17.39%), Enterobacter spp 6(13.04), Pseudomonas aeruginosa 4(8.70%), Klebsiella spp
3(6.52%), and Proteus spp 2(4.35%) respectively. One hundred percent (100%) resistance to tetracycline and amoxicillin was
recorded mostly from gram negative organisms while ciprofloxacin, gentamycin, cefalexin and cefuroxime exhibited
significant antibacterial activity against the isolated pathogens and therefore recommended for consideration in cases of
caesarean infection.
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infections (SSIs) are defined as infections that occur during

1. Introduction

Infection in a wound is a manifestation of disturbed host-
bacteria equilibrium in favor of bacteria [1]. A wound
infection is defined by the US Centre for Disease Control and
Prevention (CDC) as surgical site infection [2]. Surgical site

one month after a surgical operation or one year after implant
surgery and affecting either the injury site or near surgical
injuries [3]. Internationally, surgical site infections (SSI)
make up a large percentage of hospital-acquired infections
[4]. Surgical site skin infections (SSIs) are preventable
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complication of delivery via caesarean section [5]. The
Centers for Disease Control and Prevention (CDC) estimates
that SSIs complicate approximately 5% of the nearly 30
million surgeries performed each year [6]. Surgical site
infections (SSIs) results in a significant morbidity and
mortality throughout the world [1], and are one of the most
common hospital-acquired infections, causing higher patient
mortality and significantly longer length of stay [7]. Due to
heterogeneous nature of these surgical infections, studies of
the epidemiology of SSIs are very difficult [8]. The incidence
differs widely between surgical procedures, hospitals,
patients and surgeons [9]. Despite the technical advancement
in infection control and surgical practices, these infections
still continue to be a major problem, even in hospitals with
advanced modern facilities [8]. Beyond infection and surgical
wounds, of increasing concern is the problem of antibiotic
resistance. As the prevalence of antibiotic resistant strains
have emerged in many bacterial species that cause disease on
humans, thereby threatening the future of most commonly
used antibiotics. With the rising number of caesarean
deliveries and increasing cases of post caesarean infections
especially in rural areas, it becomes necessary to identify the
agents responsible for caesarean sites infection, as well as to
determine the extent of their susceptibility to commonly used
antibiotics, in order to make relevant health
recommendations aimed at preventing, controlling or
managing caesarean site infections as our objectives
necessitated this research.

2. Materials and Methods
2.1. Sample

A total of one hundred and ninety-four (194) samples were
obtained from patients in three hospitals; Nyanya General
Hospital, Kubwa General Hospital and Federal Staff Hospital
within Federal Capital Territory Abuja, between September 2017
and July 2018. Patients who had undergone caesarean operation
for delivery within 30 days with the wounds showing signs of
infection were enrolled into the study. Patients consent and
approval was obtained before samples were obtained for the
study. A single sterile swab stick (Evepon sterile swab stick by
Evepon industries Ltd) was used by swabbing the pus and
drainage from the caesarean site. The swab specimens were
transported immediately to the Microbiology laboratory units of
the hospitals for processing.

2.2. Culture and ldentification of Bacterial Species

Samples were inoculated into Nutrient agar (NA), Blood
agar (BA), Chocolate agar (CHO) and MacConkey agar
(MCA). Primary cultures were sub cultured using the
streaking techniques and to obtain pure cultures. Cultures
were incubated for 24 hours at 37° C for differential agar
(MCA), while enriched cultures (BA, CHO) were incubated
under candle jar at 37° C for 24 hours. Isolated colonies were
identified using gram stain and standard biochemical
procedures.

2.3. Antimicrobial Susceptibility Testing

This was performed on isolated pathogenic organisms
using commonly used antibiotics. A total of nine (9) different
commonly used antibiotics were used. The antibiotics were
already prepared into antibiotic disc in micrograms (mcg) by
Himedia Laboratories Ltd, India. The antibiotics are
Cefuroxime (30mcg), Cefalexin (30mcg), Ciprofloxacin
(Smcg), Amoxicillin  (10mcg), Gentamycin (10mcg),
Erythromycin (15mcg), Augmentin (30mcg), Cotrimoxazole
(25mcg) and Tetracycline (30mcg). Zones of inhibition were
measured after 24hours incubation at 37°C on Mueller
Hinton agar using a meter rule in millimeters. Interpretation
as sensitive or resistant is based on approved standards of the
antibiotics in microgram (mcg) concentrations by national
committee on clinical laboratory standards. Modified Kirby-
Baur disc diffusion technique was used.

2.4. Data Analysis

Data generated were collated, entered into IBM SPSS
version 22 and statistical significance evaluated using the T-
test method at 95% Confidence limit. The results of the
analysis are presented in simple percentages, tables and
graph for easy comprehension.

3. Results

A total of one hundred and ninety four (194) caesarean
sites were screened for bacterial infection. The result showed
that forty six (46) out of the total (194) were found to be
infected. This represented a 23.71% infection rate. The
infection was polymicrobial in nature, with various bacterial
species such as; Escherichia coli, Staphylococcus aureus,
Staphylococcus epidermidis, Enterobacter spp, Pseudomonas
spp, Klebsiella spp and Proteus spp.

Table 1. Prevalence of Bacterial Species from Infected Caesarean Sites.

Bacterial species Number of samples  Prevalence (%)

Escherichia coli 46 13(28.26)
Staphylococcus aureus 46 10(21.74)
Staphylococcus epidermidis 46 8(17.39)
Enterobacter spp 46 6(13.04)
Pseudomonas aeruginosa 46 4(8.70)
Klebsiella spp 46 3(6.52)
Proteus spp 46 2(4.35)

Numbers in Brackets are in percentages. 46 <0.05

From the results, the single most commonly infecting
organism was found to be Escherichia coli which had been
isolated from 13(28.26%) samples. Staphylococcus aureus
caused 10(21.74%) infections, while 8(17.39), 6(13.04%),
4(8.70%), 3(6.52%) and 2 (4.35%) were caused by
Staphylococcus epidermidis, Enterobacter spp, Pseudomonas
aeruginosa, Klebsiella spp, and Proteus spp respectively as
shown in Tablel and Figure 1. Statistically there was a
significant difference in the occurrence of the various
bacterial species.
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Figure 1. Showing bacteria isolated and the frequency of isolation.

Table 2 shows the result of the antimicrobial susceptibility
profile of nine (9) different, commonly used antibiotics
against three (3) gram positive organisms isolated from
infected caesarean sites in selected hospitals in Abuja, as
presented in table 2. From the results, S. aureus was most
susceptible to ciprofloxacin and cefuroxime with 83.3%
susceptibility, followed by cefalexin and erythromycin
(66.7%), augmentin and gentamycin (50%) and amoxicillin
(33.3%) while there was 83.3% resistance to tetracycline. In
S. epidermidis, ciprofloxacin and Cefuroxime both recorded
75.5% susceptibility, followed by Amoxicillin (66.7%),

gentamycin, erythromycin, cefalexin and augmentin all
recorded  62.5%  susceptibility.  Tetracycline  and
cotrimoxazole were the most resisted drugs by S. epidermidis
with 66.7% and 62.5% resistance respectively. Also, based on
the results, Enterobacter spp, were most susceptible to
cefalexin and ciprofloxacin with 80% susceptibility, followed
by cefuroxime (70%), augmentin, amoxicillin and
gentamycin (60%) and erythromycin (50%). There was 80%
and 70% resistance to tetracycline and cotrimoxazole
respectively by Enterobacter spp.

Table 2. Antibiotic Susceptibility Pattern of Staphylococcus and Enterobacter spp Isolated from Infected Caesarean Sites.

Antibiotics S. aureus (N=6) NS NR S. epidermidis (N=8) NS NR Enterobacter spp (N=10) NS NR
Amoxicillin 2(33.3) 4(66.7) 4(66.7) 2(33.3) 6(60.0) 4(40.0)
Augmentin 3(50.0) 3(50.0) 5(62.5) 3(37.5) 6(60.0) 4(40.0)
Cefalexin 4(66.7) 2(33.3) 5(62.5) 3(37.5) 8(80.0) 2(20.0)
Cefuroxime 5(83.3) 1(16.7) 6(75.0) 2(15.0) 7(70.0) 3(30.0)
Ciprofloxacin 5(83.3) 1(16.7) 6(75.0) 2(15.0) 8(80.0) 2(20.0)
Cotrimoxazole 2(33.3) 4(66.7) 3(37.5) 5(62.5) 3(30.0) 7(70.0)
Erythromycin 4(66.7) 2(33.3) 5(62.5) 3(37.5) 5(50.0) 5(50.0)
Gentamycin 4(50.0) 4(50.0) 5(62.5) 3(37.5) 6(60.0) 4(40.0)
Tetracycline 1(16.7) 5(83.3) 2(33.3) 6(66.7) 2(20.0) 8(80.0)

NS-=Number of Sensitive Organisms. NR=Number of Resistant Organisms. N= Number of Isolates tested. The Numbers in bracket are in percentages.

Table 3 shows the result of the antimicrobial susceptibility
pattern of nine (9) different commonly used antibiotics to
four (4) gram negative organisms isolated from caesarean
sites in selected FCTA hospitals in Abuja, as presented in the
Table 3.

From the results, E. coli was most susceptible to
ciprofloxacin and Gentamycin with 69.2% susceptibility,
followed by erythromycin 61.5% and cefuroxime 53.4%.
There was a 92.3% resistance to tetracycline, followed by
cotrimoxazole (84.6%), augmentin (76.9%) and amoxicillin
(53.4%) respectively in a decreasing order of resistance. In
Klebsiella spp, the most effective drugs in inhibiting its
growth  were  amoxicillin, cefalexin, cefuroxime,
ciprofloxacin and erythromyxin all with 50% susceptibility
rating. While there was 100% resistance to tetracycline and
cotrimoxazole, followed by augmentin and gentamycin

(75%). Klebsiella spp had 50% susceptibility to
ciprofloxacin, augmentin, cefuroxime, erythromycin and
Gentamycin respectively. While there was 100% resistance to
tetracycline, followed by gentamycin and augmentin with
75% resistance. Ciprofloxacin was the most effective drug in

inhibiting the growth of Proteus spp with 100%
susceptibility, followed by augmentin, cefuroxime,
erythromycin and gentamycin all recorded 50%

susceptibility. However, there was 100% resistance to
amoxicillin, cotrimoxazole and tetracycline. Gentamycin was
the most effective drug in inhibiting the growth of
Pseudomonas spp with 66.3% susceptibility. However as
shown in the table (Table 3), there was 100% resistance to
tetracycline, cotrimoxazole, cefuroxine, cefalexin and
amoxicillin.
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Table 3. Antibiotic Susceptibility Pattern of Different Gram Negative Bacterial Isolates from Infected Caesarean sites.

Antibiotics E.coli (N=13) NSNR Klebsiella spp (N=4) NS NR Proteus spp (N=2) NS NR P. aeruginosa (N=3) NS NR
Amoxicillin 6(46.6) 7(53.4) 2(50.0) 2(50.0) 0(0.00) 2(100.0) 0(0.00) 3(100.0)

Augmentin 3(23.1) 10(76.9) 1(25.0) 3(75.0) 1(50.0) 1(50.0) 1(33.3) 2 (66.7)

Cefalexin 6(46.6) 7(53.4) 2(50.0) 2(50.0) 0(0.00) 2(100.0) 0(0.00) 3(100.0)
Cefuroxime 7(53.4) 6(46.6) 2(50.0 2(50.0) 1(50.0) 1(50.0) 0(0.00) 3(100.0)
Ciprofloxacin 9(69.2) 4(30.8) 2(50.0) 2(50.0) 2(100.0) 0(0.00) 1(33.3) 2(66.7)
Cotrimoxazole 2(15.4) 11(84.6) 0(0.00) 4(100.0) 0(0.00) 2(100.0) 0(0.00) 3(100.0)
Erythromycin 8(61.5) 5(38.5) 2(50.0) 2(50.0) 1(50.0) 1(50.0) 1(33.3) 2(66.7)

Gentamycin 9(69.2) 4(30.8) 1(25.0) 2(75.0) 1(50.0) 1(50.0) 2(66.7) 1(33.3)

Tetracycline 1(7.7) 12(92.3) 0(0.00) 4(100.0) 0(0.00) 2(100.0) 0(0.00) 3(100)

NS-=Number of Sensitive Organisms. NR=Number of Resistant Organisms. N= Number of Isolates tested.

The Numbers in bracket are in percentages.

4. Discussion

Surgical site infection (SSI) is the second most common
infectious complication after urinary tract infection following
a delivery by caesarean section [10]. Caesarean section (CS)
rates have increased globally during the past three decades
[11]. In Nigeria, delivery by caesarean section which was
once a dreaded event due in part to possible complications
and fear has over the past few years gain acceptance,
especially among the urban dwellers as more women and
doctors opt for caesarean delivery. This increase can be
linked to inability to deliver normally through the vagina,
unwillingness of women to go through the pain and rigors of
child birth and shorter delivery time has made caesarean
delivery very common. This study was undertaken to identify
the prevalence and actiologic agents responsible for
caesarean site infection and to determine the susceptibility of
the isolated infecting agents to common antibiotics in
selected hospitals in FCT Abuja. From our findings, based on
the result obtained, there was a 23.71% infection rate of
caesarean sites. The global occurrence of an SSI following a
Caesarean section (CS) varies remarkably. In New Zealand, a
5% infection rate has been reported [12], while a 10.9% rate
was reported in Tanzania [10]. The development of post CS
infection depends on a complex interplay of many factors
including wound class, immune status, maternal age,
hypertensive disorders, ASA classification, numbers of
vaginal examinations, the virulence of the microorganisms,
maternal weight, surgical techniques and premature rupture
of membrane [13], [14]. Pathogens that infect CS surgical
wounds can be part of the patient’s normal flora (endogenous
source), originate from the skin, vaginal and peritoneal
cavities, or can be acquired from the hospital environment,
other infected patients, and surgeons (exogenous source)
[15], [16]. Among the etiological agents isolated, Escherichia
coli was the most common organism 13(28.26%). Other
isolates include, Staphylococcus aureus 10(21.74%),
Staphylococcus epidermidis 8(17.39%), Enterobacter spp
6(13.04%), Pseudomonas aeruginosa 4 (8.80%), Klebsiella
spp 3(6.52%) and Proteus spp 2(4.35%) respectively.
Mpogoro et al. [10], also isolated Staphylococcus aureus,
Klebsiella spp, Pseudomonas spp, Proteus spp and
Enterobacter spp however they found Staphylococcus aureus
as the predominant isolate in contrast to our findings of

Escherichia coli being the predominant aetiologic agent,
Zuarez-Easton et al. [17], also stated in their review that
Staphylococcus aureus is frequently the most isolated
pathogen in caesarean site infection.

Successful management of patients with bacterial infection
depends on early identification of bacterial pathogens and
selection of an effective antibiotic against the organism [18].
In this study, the isolates were tested against nine (9)
commonly used antibiotics. It is evident from our results, that
the most effective antibiotics for the treatment of infections
caused by Staphylococcus aureus is ciprofloxacin and
cefuroxime both with 83.3% susceptibility while the least
antibiotics of choice against Staphylococcus aureus was
tetracycline with 83.3% resistance rate. Erythromycin was
also active against S. aureus with 66.7% susceptibility. In
their study to determine bacterial pathogens and drug
susceptibility profile of pathogens isolated from surgical site
infections at St. Paul Specialized Hospital Millennium
Medical College and Yekatit 12 Referral Hospital Medical
College, Addis Ababa-Ethiopia, Walelign et al. [18], recorded
78.9% erythromycin susceptibility against S. aureus.
However, their findings of 78.9% tetracycline susceptibility
varies remarkably with our result of 83.3% tetracycline
resistance. Enterobacter spp also showed a very high
resistance to tetracycline (80%) and erythromycin (70%).
Our findings 50% gentamycin and 66.7% S. aureus resistance
to amoxicillin and cotrimoxazole is vindicated by another
study on SSI in Ethiopia by Kahsay et al. [19], who recorded
80% amoxicillin, 95.9% erythromycin and 97.2%
cotrimoxazole resistance by S. aureus. However, in contrast
to our findings, they recorded 50.7% susceptibility to
tetracycline by S. aureus in their report on antimicrobial
susceptibility pattern of Staphylococcus aureus in patients
with surgical site infection at Debre Markos Referral
Hospital, Amhara Region, Ethiopia. Also, in contrast to our
findings of 83.3% Staphylococcus aureus susceptibility to
ciprofloxacin, Chhetry et al. [20], in Nepal reported 86.2%
Staphylococcus aureus resistance of ciprofloxacin.

Gram negative organisms isolated in this study were found
to exhibit a high level of resistance to these commonly used
antibiotics. From the results, there was a 92.3% tetracycline,
84.6% cotrimoxazole, 76.9% augmentin and 53.4%
amoxicillin and cefalexin resistance by E. coli. There was
100% resistance to tetracycline and cotrimoxazole as well as



94 Egbe Friday Andrew et al.: Profile of Bacterial Isolates from Infected Caesarean Sites in Three
Federal Capital Territory Hospitals, Abuja Nigeria

75% augmentin resistance by Klebsiella spp. In Proteus spp,
there was 100% resistance to tetracycline, cotrimoxazole,
cefalexin and amoxicillin while in Pseudomonas aeruginosa
we recorded also like other gram negative organisms a 100%
resistance to tetracycline, cotrimoxazole, cefuroxime,
cefalexin and amoxicillin. Pseudomonas aeruginosa was
however susceptible to gentamycin treatment with 66.7%
susceptibility. In consonance with our findings, Walelign et
al. [18], in a similar study in Ethiopia also reported 100%
tetracycline resistance by Proteus spp, 83.3% tetracycline
resistance by E. coli. In Palestine, Ghaleb et al. [8], in their
work on surgical site infections also reported a 100%
resistance to tetracycline by Klebsiella spp as well as 58.5%
ciprofloxacin resistance by E. coli. However their findings of
100% resistance of gentamycin by Klebsiella spp varies with
our report of 75% resistance. Also in a justification of our
findings of very high resistance to commonly used antibiotics
by gram negative organisms, Chhetry et al. [20], in Nepal
reported 80% ciprofloxacin and erythromycin resistance and
100% cotrimoxazole resistance by E. coli while a 100%
ciprofloxacin and erythromycin resistance by Klebsiella spp
was also recorded.

5. Conclusions

The study reveals a high rate of caesarean site infection
within the federal capital territory, Abuja and its environs.
The nature of the infection of the caesarean sites was
polymicrobial, with the isolated pathogens exhibiting a high
level of resistance to commonly used antibiotics. Therefore
more efforts should be made to educate pregnant women
during anti-natal care program to also take responsibility for
care and prevention of caesarean sites or wounds. The
practice of aseptic techniques during and after surgery should
continue to be emphasized while over reliance and use of
antibiotics deemphasized. And as such, rational use of

antibiotics and continuing surveillance of bacterial
susceptibility is necessary to curb the continuous rise and
spread of resistant Dbacterial pathogens. Generally,
gentamycin, ciprofloxacin, cefuroxime and cephalexin

should be considered in preference to tetracycline and
amoxicillin in a case of caesarean site infection.
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