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 MICROBIAL AND ANTIBIOGRAM OF POST CAESAREAN SECTION PUERPERAL AND WOUND SEPSIS AT A TEACHING HOSPITAL IN SOUTHERN NIGERIA

Abstract

Background: Post caesarean section puerperal sepsis is a very challenging condition to the parturient and health care system. When this occurs in combination with wound sepsis, the burden can be devastating. 
Aims: To identify the microorganisms involved in post caesarean section puerperal and surgical site wound sepsis as well as to determine their antibiotics susceptibility at the University of Port Harcourt Teaching Hospital. 
Methodology: This was a prospective cross-sectional study of 50 parturients whose caesarean sections were complicated by puerperal and wound sepsis at the University of Port Harcourt Teaching Hospital. The study population was made up of booked, unbooked, as well as referred patients whose caesarean sections were complicated by puerperal and wound sepsis. Wound and intracervical swabs were taken from each participant once a clinical diagnosis was made. A data collection tool was used to obtain socio-demographic information and risk factors for post caesarean section puerperal and wound sepsis. Data was analyzed with Statistical Package for Social Sciences version 25. Continuous variables were summarized using means and standard deviations. Statistical significance was set at p ≤ 0.05. 

Results: Staphylococcus aureus was the predominant pathogen responsible for post-caesarean section puerperal and wound sepsis in both intracervical and wound swabs, with a prevalence of 44% and 36%, respectively. Sensitivity pattern revealed that gentamicin was sensitive to both intracervical and wound swab cultures accounting for 44 (88%) and 26 (52%) respectively. Unbooked status and prolong rupture of membranes were significantly associated with post caesarean section puerperal and wound sepsis accounting for 42 (84%) and 32 (64%) respectively.
Conclusion: The study demonstrated a significant relationship in the microbial and antibiogram in post caesarean puerperal and wound sepsis. The predominance of S. aureus and K. pneumoniae, and the high sensitivity to gentamicin and ciprofloxacin, highlights the need for targeted empirical therapy in this population.
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1. INTRODUCTION 

It is true that the delivery of a newborn comes with a lot of excitement, however; the route through which this age-long achievement is met can be devastating, and in some cases, the mothers pay the ultimate price in return when complications occur. In a bid to improve obstetric outcome, caesarean section was introduced even before the 17th century (Tonse., 2007). Caesarean section (CS) refers to the delivery of the fetus, placenta and membranes through an abdominal and uterine incision after a period of viability, which is 28 weeks in developing countries such as ours (Onescu et al., 2019). 

In recent time, caesarean section rate has increased remarkably making the procedure the commonest surgical operation globally, accounting for 21.1% of deliveries globally (Betran et al., 2021). 
Caesarean section, though safe, may be associated with complications which are often mild. However, life-threatening complications can sometimes occur following the procedure. Some include primary and secondary postpartum haemorrhage, anaemia, puerperal infections, wound infections, thromboembolic phenomenon, and maternal mortality. Others include neonatal sepsis, birth asphyxia in cases of difficult caesarean section, and perinatal mortality (Boutsikou et al., 2011).
Of the complications that can occur following CS, puerperal sepsis poses a nightmare for the obstetricians. It is one of the preventable leading causes of maternal morbidity and mortality. Though worse in developing countries, it is often encountered in developed countries as well (Melkie et al., 2021). It complicates 20-25% of CS (Boutsikou et al., 2011, Fowler et al., 2019, Sobhy et al., 2019). It is defined as the infection of the genital tract occurring anytime between labour or rupture of membranes and 42 days after delivery in which two or more of the following are present: pelvic pain, fever (temperature of 38oC and above), abnormal or foul-smelling vaginal discharge or delay in uterine involution (Mohamed-Ahmed et al., 2019, Tamboli et al., 2016, Dikete et al., 2019, Ononuju et al., 2015).
Risk factors include poor nutrition, low socio-economic status, prolonged rupture of membranes, anaemia, chorioamnionitis, frequent vaginal examinations, use of unsterilized instruments during labour, non-administration of prophylactic antibiotics prior to caesarean section, and irregular antibiotic administration post operatively (Dikete et al., 2019, Ononuju et al., 2015).
Individuals with post caesarean puerperal and wound infections may manifest with varying clinical features ranging from mild to life threatening conditions. The symptoms may include fever, foul smelling vaginal discharge, lower abdominal pain, wound discharge, which may be offensive (Olutoye et al., 2022). Examination of the individuals may reveal tachycardia, uterine sub-involution with associated tenderness, abdominal distension, and mucopurulent vaginal discharge (Rijal et al., 2021). In addition, abdomino-pelvic collection may be seen on ultrasound scan. Severe cases may result in systemic inflammatory response syndrome, septic shock, multi-organ dysfunctions, and even death if prompt medical management is not instituted (Dikete et al., 2019, Ononuju et al., 2015, WHO., 1995, Khaskheli et al., 2013, Sheeba et al., 2017).
A wound is the mechanical disruption in the continuity of soft tissue of the body structures. This can occur following surgical incision, trauma, or a disease state (Herman et al., 2020). Caesarean section surgical site infection (CSSSI) may occur in association with puerperal sepsis. This is because some of the risk factors associated with CSSSI also predispose an individual to puerperal sepsis (Pierson et al., 2018). Furthermore, other predisposing factors to puerperal sepsis which may ultimately result in wound sepsis such as diabetes mellitus, obesity, excessive intra-operative blood loss, and subcutaneous haematoma significantly contribute to the incidence of wound sepsis (Pierson et al., 2018). When this occurs, it results in prolonged hospital stay. Hence, this poses a huge economic and psychological burden on patients, relatives, and the health facility (Fishel et al., 2020, Abdel-Fattah et al., 2022). Wound sepsis alone in some cases results in high rates of morbidities and mortalities (Abdel-Fattah et al., 2022). 

Puerperal and wound sepsis are associated with some short- and long-term complications, such as anaemia, scar dehiscence, burst abdomen, endometritis, tubo-ovarian diseases and abdomino-pelvic collection. Some of the long-term complications include intra-abdominal adhesion formation, which may ultimately result in chronic pelvic pain, intestinal obstruction, menstrual challenges and infertility. 

Antibiotic prophylaxis has always played a significant role in mitigating against this menace. The choice of antibiotics has been a challenge in achieving the best outcomes. Globally, several studies have been done regarding puerperal sepsis or wound sepsis as single entities. However, there has not been any documented study that focused on both conditions in a single individual. As a result, no concrete recommendation has been made with regards to the appropriate empirical antibiotics that can be administered when the diagnosis of concurrent post caesarean section puerperal and wound sepsis is made, while awaiting microbiology results. Also, the previous studies done regarding this condition at UPTH were centered on either puerperal sepsis alone or caesarean section surgical site infection (Ononuju et al., 2015, Hassan et al., 2018), hence, necessitating the need for this study. The purpose of this study is to identify the microorganisms involved in post caesarean section puerperal and surgical site wound sepsis as well as determine their antibiotics susceptibility. 
2. MATERIAL AND METHODS

2.1 Study Area

This study was carried out at the Obstetrics and Gynaecology department of the University of Port Harcourt Teaching Hospital (UPTH). The UPTH is a 915-bed hospital located at Alakahia in Obio-Akpor Local Government Area of Rivers State, South-South Nigeria. UPTH is a tertiary health institution that renders all levels of health care services for Rivers, Bayelsa, Delta, Imo, Abia, and Akwa-Ibom states. 

The Department of Obstetrics and Gynaecology is one of the major clinical departments of the hospital with thirty (30) consultants and one (1) emeritus professor. The department has separate wards for antenatal, labour, and post-natal patients. The post-natal ward is where all patients that registered for antenatal care at the University of Port Harcourt Teaching Hospital and other Government hospitals are kept after delivery (vaginal and caesarean deliveries), and it has 40 beds. There are 3 nurses and 2 ward maids on duty during each of the three shifts. Patients who did not register at the UPTH, but present with complications in the third trimester or those that present in labour (with or without complications), as well as those that present during the puerperal period are appropriately attended to in the unbooked labour ward and unbooked lying-in ward respectively. The unbooked lying-in ward also has 40 beds with three nurses and two ward maids on duty during each of the three shifts.  

2.2 Study Design

This was a prospective cross-sectional study involving 50 women that had post-caesarean section wound and puerperal sepsis at the postnatal ward and unbooked lying-in ward of the University of Port-Harcourt Teaching Hospital. The purpose of the study was duly explained to the participants and an informed written consent was obtained prior to the collection of wound and intracervical swabs. A well-structured proforma was used to obtain socio-demographic characteristics and risk factors for postoperative infections. Wound and intracervical swab sample were taken from each participant by observing aseptic technique.  These samples were given unique identifier numbers. 

2.3 Study Population

All consenting women diagnosed with post caesarean puerperal and wound sepsis.
2.4 Selection Criteria

Participants were selected based on the inclusion and exclusion criteria for the study.
2.4.1 Inclusion Criteria

All consenting women in the post-natal and unbooked lying-in wards with features of concurrent puerperal and wound sepsis within 42 days of caesarean section.

2.4.2 Exclusion Criteria

· Women who refused to give consent.
· Genital tract or wound infection after 42 days of caesarean delivery. 
·  Puerperal sepsis following vaginal delivery.
·  Puerperal sepsis with no concurrent wound sepsis.
·  Wound sepsis with no concurrent puerperal sepsis. 
2.5 Sampling Technique

A convenience sampling technique was employed. This involved a focused history taking and examination of the patients to enable proper diagnosis and entry of relevant information into the proforma. Participants that developed puerperal and wound sepsis were identified based on a history of fever, offensive vaginal discharge, abdominal pains and purulent discharge from the caesarean section site.  The selection of patient was based on the inclusion criteria and sampling technique.
The purpose and benefits of the study were duly explained to the participants in the postnatal and unbooked lying-in wards and an informed written consent was obtained. Other features included examination for uterine tenderness, tachycardia, purulent discharge extruding from the cervix among other clinical features. 

2.6 Sample Collection and Processing   

The wound and intracervical specimen were collected with labelled sterile cotton swab without contaminating them with skin commensals. The samples were transported to the medical microbiology laboratory immediately after collection using Stuart transport medium (Stuart, 1959). At the laboratory, the specimens were registered using unique identifier numbers and macroscopically examined for colour and consistency (Stuart, 1959). The swabs were inoculated into Blood agar, Chocolate and MacConkey media and incubated aerobically at a temperature of 36oC - 37oC for 18-24 hours in ambient air. The swabs were air-dried and stained by Gram’s technique. The isolates were identified based on colony morphology. 
Subsequently, on day two, the pure colonies were identified based on morphology on agar plate, colony, gram staining pattern and biochemical (catalase, coagulase) reaction, following which an analytical profile index 20E (API20E) was set up. On day 3, a 0.5 McFarland standard homogenous suspension of the identified pathogen was used to set up an antibiotic susceptibility test by Kirby-Bauer disc diffusion technique following Clinical Laboratory Standard International (CLSI 2020) guidelines (Weinstein et al., 2020, Admas et al., 2020).
They were tested against the following antibiotic classes: Penicillinase (Oxacillin, methicillin, piperacillin), Glycopeptides
(vancomycin), Aminoglycoside (gentamicin), Macrolides (azithromycin, erythromycin, clarithromycin), Beta-Lactam combination (piperacillin-tazobactam, amoxicillin-clavulanate), Cephalosporins (ceftriaxone, cefipime, ceftazidine, cefuroxime), quinolones (levofloxacin, ciprofloxacin, ofloxacin), and carbepenem (meropenem, etapenem). 

2.7 The Analytical Profile Index (API) 2OE Identification System 

The API 20E identification system is a standardized semi-automated biochemical identification system for Enterobacteriaceae and other non-fastidious gram-negative rods. It uses 20 miniaturized biochemical test strips and a data base. They usually detect enzymatic activity mainly related to the fermentation of carbohydrate or the catabolism of the proteins or amino acid by the inoculation by the organisms (Munteanu et al., 201).

The reading of these reactions (positive and negative) is done according to the variations of colours and comparing them with the standard API 20E colour chart provided. The sum of the indices (positive and negative) in each group will form the seven-digit code, and was computed into the API computer aided identification choice deployed. The percentage probabilities for each one of the choices was displayed by the computer ((Munteanu et al., 2021, Divaris et al., 2020).

2.8 Data Analysis

All participants’ proforma were properly filled, checked for completeness, and collected at the end of each day. They were kept in a locker constructed for this purpose. Data entry errors were checked before collation. Data was entered into an excel spread sheet and analyzed with the Statistical Package for Social Sciences version 25 (IBM, USA) at a 95% confidence interval. Continuous variables were summarized using means and standard deviations. Statistical significance was set at p-value of ≤ 0.05.
2.9 Ethical Consideration

Ethical clearance was obtained from the Health and Research committee of the Teaching hospital. Throughout the research, the ethical precepts of autonomy, beneficence, non-maleficence, fairness, and honesty were meticulously upheld. 

3. RESULTS

The age distribution showed that 12 (24.0%) were between 20-25 years old with a mean age of 27.76 ± 7.61 years. Majority 34 (68.0%) were married, 24 (48.0%) had secondary education, and 24 (48.0%) were engaged in business. Notably, 42 (84.0%) of the women were unbooked, and 20 (40.0%) were para 1, with a mean parity of 2.32 ± 1.44. Regarding the husbands' occupations, 24 (48.0%) were in business, and 4 (8.0%) were farmers. This is shown in Table 1.

Table 2 shows the risk factors for post-caesarean puerperal and wound sepsis. Regarding immune status, 42 (84.0%) had normal immunity, while 8 (16.0%) were immunocompromised. Foetal membrane status showed that 40 (80.0%) had ruptured membranes. Labour monitoring varied, with 30 (60.0%) monitored by traditional birth attendants (TBAs), and 6 (12.0%) each in government and private hospitals respectively. Urogenital infections evidenced by urinary symptoms and vaginal discharge observed prior to caesarean section were present only in 4 (8%). The duration of membrane rupture was significant, with 32 (64.0%) experiencing rupture for >12 hours. Preoperative packed cell volume (PCV) was ≥30 in 34 (68.0%) of patients, while 16 (32.0%) had PCV <30. Postoperatively, there was a notable shift, with 42 (84.0%) having PCV <30 and only 8 (16.0%) maintaining PCV ≥30.

Estimated blood loss was <500mls in 28 (56.0%) of cases. Polyglactin 910 was the predominant suture material used on the skin in 44 (88.0%) of cases. The vast majority of surgeries, 46 (92.0%), were emergency procedures. Regarding surgery duration, 24 (48.0%) lasted <60 minutes.

Regarding the caliber of the surgeon, a significant number 42 (84.0%) of the caesarean sections were performed by Senior Registrars. Blood transfusion was not required in 34 (68.0%) while 16 (32.0%) of cases received blood transfusion. Pre-operative antibiotics were administered to 32 (64.0%) of patients, while 18 (36.0%) did not receive them. Postoperative antibiotic administration showed a concerning trend, with 28 (56.0%) receiving irregular antibiotic treatment, compared to 22 (44.0%) who received regular antibiotic therapy. Regarding the type of skin incision, majority 40 (80.0%) of the patients, had transverse suprapubic incisions, while midline incisions were used in 10 (20.0%) of cases. 

Table 3 shows the bacteriological pattern of isolated organisms from intracervical swabs. Among the gram-positive bacteria, Staphylococcus aureus was the most prevalent, isolated in 22 (44.0%) of the samples. Gram-negative bacteria were also present in significant numbers. Klebsiella pneumoniae was the most common gram-negative organism, isolated in 10 (20.0%) of the samples. Interestingly, 6 (12.0%) of the samples showed no bacterial growth. This could indicate either the absence of bacterial colonization in these cases or potential limitations in the culture techniques used.  

Table 4 shows the diverse array of bacterial species, including both gram-positive and gram-negative organisms. Among the gram-positive bacteria, Staphylococcus aureus was the most prevalent, isolated in 18 (36.0%) of the samples. Proteus mirabilis and Streptococcus faecalis were each found in 2 (4.0%) of the samples, representing a much smaller proportion of the isolates. Gram-negative bacteria were also present in significant numbers. Klebsiella pneumoniae was the most common gram-negative organism, isolated in 12 (24.0%) of the samples. This was followed by Escherichia coli, found in 6 (12.0%) of the cases, and Pseudomonas aeruginosa in 4 (8.0%) of the samples. Interestingly, 6 (12.0%) of the samples showed no bacterial growth. 

Table 5 shows that Gentamycin had the highest sensitivity rate at 44 (88.0%), indicating its potential as a highly effective antibiotic for the majority of isolates. This was followed by Ceftriaxone/ceftazidime with 34 (68.0%) sensitivity, suggesting that these third-generation cephalosporins remain effective against a significant proportion of the isolates. Ciprofloxacin/Ofloxacin, representing the fluoroquinolone class, demonstrated sensitivity in 30 (60.0%) of cases. Meropenem, a second generation, broad-spectrum carbapenem antibiotic, showed sensitivity in 28 (56.0%) of isolates, indicating its potential utility in more resistant cases. 

Piperacillin-tazobactam, erythromycin, amoxicillin-clavulanic acid, and vancomycin each demonstrated sensitivity in 10 (20.0%) of the isolates. Ampiclox (Ampicillin-cloxacillin combination) showed the lowest sensitivity rate at 2 (4.0%), suggesting high levels of resistance to this antibiotic among the isolated bacteria.

Ciprofloxacin, a fluoroquinolone antibiotic, showed the highest sensitivity rate at 28 (56.0%), indicating its potential as an effective antibiotic for a majority of the wound isolates as shown in Table 6. Ceftriaxone, a third-generation cephalosporin, demonstrated sensitivity in 22 (44.0%) of cases, indicating its continued effectiveness against a significant proportion of the isolates. Meropenem, a broad-spectrum carbapenem antibiotic, showed sensitivity in 18 (36.0%) of isolates, suggesting its potential utility in more resistant cases. Amoxicillin-clavulanic acid showed sensitivity in 14 (28.0%) of isolates, while both Cefoxitin and Erythromycin demonstrated sensitivity in 12 (24.0%) of cases. Piperacillin-Tazobactam showed sensitivity in 10 (20.0%) of the isolates. Lower sensitivity rates were observed for Ceftazidime and Ofloxacin, each at 6 (12.0%), Vancomycin at 4 (8.0%), and Cefuroxime at 2 (4.0%). These lower rates suggest potential resistance issues with these antibiotics among the isolated wound bacteria. 

Table 7 shows the antibiotic sensitivity patterns across bacterial species for most antibiotics tested. Gentamycin demonstrated the highest overall sensitivity (44 isolates) and showed a highly significant difference in effectiveness across species (χ² = 25.091, p<0.001). It was particularly effective against Staphylococcus aureus (50.0% of S. aureus isolates) and Klebsiella pneumoniae (31.8% of K. pneumoniae isolates).

Meropenem also showed significant variation in effectiveness (χ² = 16.571, p=0.002), with high sensitivity rates for S. aureus (50.0%) and K. pneumoniae (35.7%). Similarly, Ciprofloxacin/Ofloxacin exhibited significant differences across species (χ² = 16.667, p=0.002), showing effectiveness against S. aureus (46.7%) and Pseudomonas aeruginosa (26.7%). Ceftriaxone/Ceftazidime demonstrated statistically significant variability in effectiveness (χ² = 14.588, p=0.006), with notable sensitivity in S. aureus (46.7%) and K. pneumoniae (33.3%). Cefoxitin (χ² = 13.714, p=0.008) and Cefuroxime (χ² = 10.000, p=0.040) also showed significant differences, though with lower overall sensitivity rates.

Piperacillin-Tazobactam (χ² = 10.000, p=0.040), Erythromycin (χ² = 13.000, p=0.011), and Vancomycin (χ² = 13.000, p=0.011) all demonstrated statistically significant variations in effectiveness across species, albeit with lower overall sensitivity rates compared to Gentamycin or Ciprofloxacin/Ofloxacin. Interestingly, Amoxicillin clavulanic acid (χ² = 8.000, p=0.092) and Ampiclox (χ² = 8.000, p=0.092) did not show statistically significant differences in sensitivity across species. 

Table 8 revealed that Ciprofloxacin, a widely used fluoroquinolone, showed statistically significant differences in effectiveness across bacterial species (χ² = 13.714, p=0.018). It showed particular potency against Klebsiella pneumoniae, Staphylococcus aureus, and Escherichia coli. Amoxicillin-clavulanic acid exhibited the most striking variation in effectiveness (χ² = 22.000, p<0.001). Ceftazidime and Ofloxacin both show significant differences in effectiveness across species (χ² = 13.333, p=0.020 for both). Their particular efficacy against K. pneumoniae and S. aureus, coupled with the statistically significant results, suggests that these antibiotics might be especially useful when these pathogens are suspected or confirmed.

Interestingly, Cefuroxime, despite its limited use in the study, showed a significant difference in effectiveness (χ² = 12.000, p=0.035). Its 100% efficacy against E. coli in the two cases where it was used shows its potential as a targeted therapy for this specific pathogen, though the small sample size warrants cautious interpretation. Also, gentamycin showed statistically significant effectiveness (χ² = 10.515, p=0.050) against Staphylococcus aureus and Klebsiella pneumoniae hence strengthening the need for its use when these species are encountered.
Table 1: Socio-demographic characteristics
	Variables
	Frequency
	Percent (%)

	Age (years)
	
	

	20-25
	12
	24.0

	< 20
	10
	20.0

	26-30
	10
	20.0

	31-35
	10
	20.0

	≥ 35
	  8
	16.0

	Mean ± SD
	27.76±7.61∞
	

	Range
	[16-42]
	

	
	
	

	Marital Status
	
	

	Married
	34
	68.0

	Single
	16
	32.0

	
	
	

	Level of Education
	
	

	Secondary
	24
	 48.0

	Primary
	12
	 24.0

	Tertiary
	  8 
	 16.0

	None
	  6
	 12.0

	
	
	

	Occupation
	
	

	Business
	24
	 48.0

	House Wife
	18
	 36.0

	Farming
	  8
	 16.0

	
	
	

	Husband's Occupation
	
	

	Business
	24
	48.0

	Civil Servant/Public Servant
	22
	44.0

	Farming
	  4
	  8.0

	
	
	

	Booking Status
	
	

	Unbooked
	42
	84.0

	Booked
	  8
	16.0

	
	
	

	Parity
	
	

	 1
	20
	40.0

	 2-3
	18
	36.0

	 4-5
	10
	20.0

	 5
	  2
	  4.0

	Mean ± SD
	2.32±1.44∞
	

	Range
	[1-6]
	


∞=Mean ± Standard Deviation

Table 2a: Risk Factors for Post-Caesarean Puerperal and Wound Sepsis

	Risk Factors 
	Frequency (n=50)
	Percent (%)

	Immune Status
	
	

	Immunocompromised
	 8
	16.0

	
	
	

	Foetal Membranes
	
	

	Ruptured
	40
	80.0

	Intact
	10
	20.0

	
	
	

	Labour Monitored
	
	

	TBA
	30
	60.0

	Church
	  8
	16.0

	Private Hospital
	  6
	12.0

	Govt Hospital
	  6
	12.0

	
	
	

	Urogenital Infections
	
	

	No
	46
	92.0

	Yes
	  4
	  8.0

	
	
	

	Duration of Membrane Rupture
	
	

	>12 hours
	32
	64.0

	No membrane rupture
	10
	20.0

	6 hours to 12 hours
	  4
	  8.0

	<6 Hours
	  4
	  8.0

	
	
	

	Preoperative Packed Cell Volume
	
	

	>30
	34
	68.0

	≤30
	16
	32.0

	
	
	

	Postoperative Packed Cell Volume
	
	

	≤30
	42
	84.0

	>30
	  8
	16.0

	Estimated Blood Loss
	
	

	<500mls
	28
	56.0

	500 - < 1L
	16
	32.0

	>1L
	  6
	12.0

	
	
	

	Type of Suture Used on Skin
	
	

	Polyglactin9 10
	44
	88.0

	Nylon
	  6
	12.0

	
	
	


Table 2b: Risk Factors for Post-Caesarean Puerperal and Wound Sepsis

	Risk Factors 
	Frequency (n=50)
	Percent (%)

	Type of Surgery
	
	

	Emergency
	  8
	92.0

	Elective
	  4
	  8.0

	
	
	

	Duration of Surgery (mins)
	
	

	< 60
	24
	48.0

	60 - 90
	18
	36.0

	>90
	  8
	16.0

	
	
	

	Caliber of Surgeon
	
	

	Senior Registrar
	42
	 84.0

	Consultant
	  8
	 16.0

	
	
	

	Blood Transfusion
	
	

	No
	34
	 68.0

	Yes
	16
	 32.0

	
	
	

	Pre-operative Antibiotics
	
	

	Yes
	32
	 64.0

	No
	18
	 36.0

	
	
	

	Post-operative Antibiotics
	
	

	Irregular
	28
	 56.0

	Regular
	22
	 44.0

	
	
	

	Type of Skin Incision
	
	

	Transverse Suprapubic
	40
	80.0

	Midline
	10
	20.0

	
	
	

	
	
	


Table 3: Bacteriological Pattern of Isolated Organisms from intracervical swabs taken from patients who underwent caesarean sections. 

	Organism
	Frequency (n=50)
	Percent (%)

	Gram positives
	
	

	Staphylococcus aureus
	22
	44.0

	Streptococcus faecalis
	  2
	  4.0

	
	
	

	Gram negatives
	
	

	Klebsiella pneumoniae
	10
	20.0

	Pseudomonas aeruginosa
	  6
	12.0

	No growth
	  6
	12.0

	Escherichia coli
	  4
	  8.0


Table 4: Bacteriological Pattern of Isolated Organisms from wound swabs taken from patients who underwent caesarean sections

	Organism
	Frequency (n=50)
	Percent (%)

	Gram positives
	
	

	Staphylococcus aureus 
	18
	36.0

	Proteus mirabilis 
	  2
	  4.0

	Streptococcus faecalis 
	  2
	  4.0

	
	
	

	Gram-negatives
	
	

	Klebsiella Pneumoniae
	12
	24.0

	Escherichia coli
	  6
	12.0

	No growth
	  6
	12.0

	Pseudomonas aeruginosa
	  4
	  8.0


Table 5: Antibiotic Sensitivity Pattern of Bacterial Isolates from Intracervical Swabs in Caesarean Section patients. 

	Drugs (n=204)
	Frequency
	Percent (%)

	Gentamycin
	44
	88.0

	Ceftriaxone/Ceftazidime
	34
	68.0

	Ciprofloxacin/Ofloxacin
	30 
	60.0

	Meropenem
	28
	56.0

	Cefoxitin
	14 
	28.0

	Cefuroxime
	12
	24.0

	Piperacillin-Tazobactam
	10 
	20.0

	Erythromycin
	10 
	20.0

	Amoxicillin clavulanic acid
	10 
	20.0

	Vancomycin
	10 
	20.0

	Ampiclox
	2 
	 4.0


Table 6: Antibiotic Sensitivity Pattern of Bacterial Isolates from wound swabs in caesarean section patients. 

	Drugs (n=160)
	Frequency
	Percent (%)

	Ciprofloxacin
	28
	56.0

	Gentamycin
	26
	52.0

	Ceftriaxone
	22 
	44.0

	Meropenem
	18 
	36.0

	Amoxicillin clavulanic acid
	14 
	28.0

	Erythromycin
	12 
	24.0

	Cefoxitin
	12
	24.0

	Piperacillin-Tazobactam
	10
	20.0

	Ceftazidime
	  6
	12.0

	Ofloxacin
	  6 
	12.0

	Vancomycin
	  4 
	  8.0

	Cefuroxime
	  2 
	  4.0


Table 7: Analysis of Antibiotic Sensitivity Patterns across different Bacterial Species Isolated from Intracervical Swabs in Caesarean Section patients

	Drugs
	Bacterial Isolates 
	Total
	Chi-Square 

(p-value)

	
	S. aureus
	S. faecalis
	E. coli
	K. pneumonia
	P. aeruginosa
	
	

	Gentamycin
	22 (50.0)
	0 (0.0)
	2 (4.5)
	14 (31.8)
	6 (13.6)
	44 (100)
	25.091  (<0.001)

	Meropenem
	14 (50.0)
	0 (0.0)
	2 (7.1)
	10 (35.7)
	4 (14.3)
	28 (100)
	16.571 (0.002)

	Ciprofloxacin/Ofloxacin
	14 (46.7)
	4 (13.3)
	2 (6.7)
	2 (6.7)
	8 (26.7)
	30 (100)
	16.667 (0.002)

	Ceftriaxone/Ceftazidime
	14 (46.7)
	2 (6.7)
	2 (6.7)
	10 (33.3)
	6 (20.0)
	34 (100)
	14.588 (0.006)

	Cefoxitin
	8 (57.1)
	0 (0.0)
	0 (0.0)
	2 (14.3)
	4 (28.6)
	14 (100)
	13.714 (0.008)

	Cefuroxime
	6 (50.0)
	2 (16.7)
	0 (0.0)
	4 (33.3)
	0 (0.0)
	12 (100)
	10.000 (0.040)

	Piperacillin-Tazobactam
	4 (40.0)
	0 (0.0)
	2 (20.0)
	0 (0.0)
	4 (40.0)
	10 (100)
	10.000 (0.040)

	Erythromycin
	6 (60.0)
	0 (0.0)
	0 (0.0)
	4 (40.0)
	0 (0.0)
	10 (100)
	13.000 (0.011)

	Amoxicillin clavulanic acid
	4 (40.0)
	2 (20.0)
	0 (0.0)
	4 (40.0)
	0 (0.0)
	10 (100)
	8.000 (0.092)

	Vancomycin
	6 (60.0)
	0 (0.0)
	0 (0.0)
	4 (40.0)
	0 (0.0)
	10 (100)
	13.000 (0.011)

	Ampiclox
	2 (100)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (100)
	8.000 (0.092)


Table 8: Analysis of Antibiotic Sensitivity Patterns from Wound Swabs in Caesarean Section patients 

	Drugs
	Bacterial Isolates
	Total
	Chi-Square (p-value)

	
	S. aureus
	P. mirabilis
	S. faecalis
	E. coli
	K. pneumoniae
	P. aeruginosa
	
	

	Gentamycin
	6 (23.1)
	2 (7.7)
	2 (7.7)
	4 (15.4)
	10 (38.5)
	2 (7.7)
	26 (100)
	10.515 (0.050)

	Ciprofloxacin
	8 (28.6)
	0 (0.0)
	2 (7.1)
	6 (21.4)
	10 (35.7)
	2 (7.1)
	28 (100)
	13.714 (0.018)

	Ceftriaxone
	6 (27.3)
	2 (9.1)
	2 (9.1)
	4 (18.2)
	6 (27.3)
	2 (9.1)
	22 (100)
	4.545 (0.474)

	Meropenem
	4 (22.2)
	0 (0.0)
	2 (11.1)
	2 (11.1)
	6 (33.3)
	4 (22.2)
	18 (100)
	7.333 (0.197)

	Cefoxitin
	4 (33.3)
	0 (0.0)
	0 (0.0)
	4 (33.3)
	2 (16.7)
	2 (16.7)
	12 (100)
	9.333 (0.096)

	Erythromycin
	4 (33.3)
	0 (0.0)
	0 (0.0)
	4 (33.3)
	2 (16.7)
	2 (16.7)
	12 (100)
	9.333 (0.096)

	Piperacillin-Tazobactam
	2 (20.0)
	0 (0.0)
	2 (20.0)
	2 (20.0)
	4 (40.0)
	0 (0.0)
	10 (100)
	7.200 (0.206)

	Amoxicillin- clavulanic acid
	2 (14.3)
	2 (14.3)
	0 (0.0)
	0 (0.0)
	6 (42.9)
	4 (28.6)
	14 (100)
	22.000 (<0.001)

	Ceftazidime
	2 (33.3)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	4 (66.7)
	0 (0.0)
	6 (100)
	13.333 (0.020)

	Ofloxacin
	2 (33.3)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	4 (66.7)
	0 (0.0)
	6 (100)
	13.333 (0.020)

	Vancomycin
	2 (50.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (50.0)
	0 (0.0)
	4 (100)
	8.000 (0.156)

	Cefuroxime
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (100)
	0 (0.0)
	0 (0.0)
	2 (100)
	12.000 (0.035)


4. DISCUSSION

Staphylococcus aureus was identified as the predominant pathogen responsible for post-caesarean section puerperal and wound sepsis in both intracervical and wound swabs, with a prevalence of 44% and 36%, respectively. The antibiotic sensitivity analysis revealed that Gentamycin had the highest sensitivity rate, making it a viable first-line antibiotic for managing infections in post-caesarean section patients. Ciprofloxacin showed similar efficacy, particularly for Gram-negative organisms, further supporting its use. However, the low sensitivity of Amoxicillin-Clavulanic acid and Ampicillin underscores growing antibiotic resistance in this clinical context (Ononuju et al., 2015, Okwudili et al., 2022).
This is in concert with prior research that consistently identified S. aureus as a leading cause of post-surgical infections, including those following caesarean sections (Hassan et al., 2018, Tong et al., 2015). Previous studies in Nigeria and Ethiopia have reported similar findings, with S. aureus being the most commonly isolated pathogen in post-caesarean wound infections due to its ability to colonize surgical sites and the genital tract (Hassan et al., 2018, Mezemir et al., 2023).  The isolation of K. pneumoniae and E. coli is also notable, as these organisms are known to contribute significantly to hospital-acquired infections, especially in immunocompromised patients and those who have undergone caesarean sections (Navon-Venezia et al., 2017). K. pneumoniae is often associated with higher morbidity due to its increasing resistance to common antibiotics, complicating treatment regimens (Saifi et al., 2023).

The high sensitivity of Gentamycin, with an efficacy rate of 88%, makes it an essential antibiotic for managing sepsis in caesarean patients, particularly for S. aureus and Gram-negative organisms like K. pneumoniae and E. coli. The relatively high sensitivity of Ciprofloxacin further supports its role in empirical treatment regimens, especially for Gram-negative infections, which are often harder to treat due to multi-drug resistance (Olutoye et al., 2022, Saifi et al., 2023). However, the low sensitivity observed for Amoxicillin-Clavulanic acid and Ampicillin reflects a global trend of rising resistance against commonly used antibiotics, highlighting a growing challenge in managing hospital-acquired infections (Muteeb et al., 2023 Kariuki et al., 2022).
Studies in similar settings have reported increasing resistance to beta-lactam antibiotics, particularly in sub-Saharan Africa, where limited access to updated antibiotics often leads to over-reliance on older, less effective drugs (Navon-Venezia et al., 2017, Kariuki et al., 2022). Resistance to Amoxicillin-Clavulanic acid may also stem from its widespread use as a first-line treatment for various infections, leading to selective pressure and the emergence of resistant strains (Kariuki et al., 2022, Pulingam et al., 2022, Cassir et al., 2014). This underscores the importance of regularly revising local antibiotic protocols based on microbial sensitivity patterns to prevent the worsening incidences of antibiotic resistance in future (Giamarellou et al., 2023).
The findings of this study corroborate and extend existing research on post-caesarean infections. Numerous studies from sub-Saharan Africa and other regions with similar healthcare settings have reported S. aureus and K. pneumoniae as leading pathogens in post-surgical infections, particularly following caesarean sections (Hassan et al., 2018, Okwudili et al., 2022).

Hassan et al. (2018) identified S. aureus as the predominant pathogen responsible for wound infections in post-caesarean section patients, accounting for 33.3% of the total isolates (Hassan et al., 2018). However, our study revealed an even higher prevalence of S. aureus (44%), suggesting a potential increase in its dominance over time. Other possible reason for the difference in prevalence could be due to the method of microorganism isolation as the previous study used microbact technique, while the current study used API 20E system.  Although the sample size and study design slightly vary because this research was focused on both post caesarean puerperal and wound sepsis which is a step above the previous study whose focus was only on post caesarean wound sepsis.  The growing prevalence of S. aureus in post-caesarean infections could be attributed to several factors, including insufficient infection control practices, the misuse of antibiotics, and the ability of the bacterium to form biofilms on surgical sites, making it more resistant to host immune defenses and antimicrobial treatments (Betran et al., 2021, Sobhy et al., 2019). Furthermore, the persistence of S. aureus as a major pathogen in post-surgical infections highlights the need for ongoing monitoring and enhanced prevention strategies in healthcare settings.

K. pneumoniae was another significant pathogen in this study, with a prevalence of 20% in intracervical swabs and 24% in wound swabs. This is similar to findings from other studies conducted in Ethiopia and other low- and middle-income countries (LMICs), where K. pneumoniae emerged as a major cause of nosocomial infections, including post-operative sepsis (Fowler et al., 2019, Sobhy et al., 2019). A study by Ononuju et al. (2015) also documented K. pneumoniae as one of the leading Gram-negative organisms responsible for post-surgical infections. The rising prevalence of K. pneumoniae in hospital settings is particularly disturbing due to its ability to acquire multi-drug resistance, including the production of extended-spectrum beta-lactamases (ESBL) and carbapenemases, which normally render many commonly used antibiotics ineffective (Saifi et al., 2023, Muteeb et al., 2023). This has been a growing global trend, with studies reporting increasing rates of ESBL-producing K. pneumoniae in hospital-acquired infections. The emergence of drug-resistant strains of K. pneumoniae in post-caesarean infections underscores the need for strict antibiotic stewardship and the development of new treatment protocols.

In contrast to S. aureus and K. pneumoniae, the relatively low prevalence of Escherichia coli in our study (8% in intracervical swabs and 12% in wound swabs) differs from those of previous studies where E. coli was reported as having a higher prevalence in post-caesarean infections. Njoku et al. (2019) reported E. coli to be the third most common pathogen in surgical site infections following caesarean sections (Njoku et al., 2019). This discrepancy could be attributed to variations in local microbial profiles, infection control measures, or even diagnostic techniques. In our study, the relatively low prevalence of E. coli might reflect differences in the sample population, the healthcare facility, or the timing of sample collection. It is also possible that other environmental or procedural factors, such as the use of preoperative prophylactic antibiotics, could have influenced the relative frequencies of the different pathogens (Pierson et al., 2018, Pulingam, T., et al).
Another notable finding in this study was the presence of P. aeruginosa in 12% of intracervical swabs and 8% of wound swabs. P. aeruginosa is well-known for its intrinsic resistance to multiple antibiotics and its capacity to develop resistance during treatment. Previous studies have reported lower prevalence rates of P. aeruginosa in post-caesarean section infections (Divaris et al., 2020, Peter et al., 2022). However, the prevalence observed in this study is rather alarming given the ability of the bacterium to cause severe infections, especially in immunocompromised patients. The presence of P. aeruginosa in post-surgical infections may also indicate lapses in hospital hygiene practices, as this organism thrives in moist environments, including hospital surfaces and medical devices (Ssekitoleko et al., 2020, Younous et al., 2024). Its detection in both intracervical and wound swabs suggests the need for improved sterilization procedures and stricter adherence to aseptic techniques during and after surgery.

The antibiotic sensitivity patterns observed in this study is similar to findings from other LMICs, where Gentamycin and Ciprofloxacin remain highly effective against a wide range of bacterial pathogens (Bratzler et al., 2013). However, the growing resistance to beta-lactam antibiotics, particularly Amoxicillin-Clavulanic acid and Ampicillin, has been well-documented in previous studies, both locally and globally (Kariuki et al., 2022, Dyar et al., 2017). For instance, a study conducted by Jalde and Choi (2020) reported similar resistance trends, with beta-lactam antibiotics showing reduced efficacy against both Gram-positive and Gram-negative organisms in post-surgical infections (Jalde et al., 2020). These findings underscore the urgent need for updated antibiotic policies that reflect current resistance patterns and prioritize the use of more effective drugs such as Gentamycin and Ciprofloxacin.

Overall, the findings of this study largely corroborate existing literature on the microbial profiles and antibiotic resistance patterns in post-caesarean section infections. However, the higher prevalence of S. aureus and the increasing dominance of resistant K. pneumoniae suggest that infection control measures and antibiotic stewardship programmes must be continuously strengthened to address the evolving microbial resistance in hospital settings. The observed discrepancies with other studies, particularly regarding the prevalence of E. coli, highlight the importance of local epidemiological surveillance to guide treatment protocols effectively.

The predominance of S. aureus and Gram-negative pathogens such as K. pneumoniae in post-caesarean infections carries significant clinical implications for the management of these patients. The high sensitivity of these organisms to Gentamycin and Ciprofloxacin suggests that these antibiotics should be prioritized in empirical treatment protocols. In settings like the University of Port Harcourt Teaching Hospital, where resistance rates for other antibiotics like Amoxicillin-Clavulanic acid are rising, the reliance on more effective agents like Gentamycin is essential (Ononuju et al., 2015, Hassan et al., 2018, Okwudili et al., 2022).
Moreover, the observed resistance patterns have broader public health implications. The low sensitivity of beta-lactam antibiotics calls for the urgent implementation of antibiotic stewardship programmes to preserve the efficacy of available antibiotics (Dyar et al., 2017, Jalde et al., 2020). Hospital policies should also focus on strengthening infection control measures, such as proper hand hygiene, aseptic techniques during caesarean sections, and the judicious use of antibiotics during the perioperative period (Barlam et al., 2016). Regular surveillance of microbial and antibiotic resistance patterns should be mandatory to inform clinical decisions and update treatment protocols in real-time. This is particularly crucial in LMICs, where the burden of multi-drug-resistant organisms is disproportionately high due to the overuse and misuse of antibiotics (Jalde et al., 2020, WHO, 2020). A more robust approach to infection prevention, including the use of antiseptic-coated sutures and preoperative antisepsis could further reduce the incidence of post-caesarean infections Seidelman et al., 2023).
Limitations of the Study

Despite the significant findings in this study, it was faced with some limitations. The relatively small sample size limits the generalization of the findings to the broader population of women undergoing caesarean sections. Larger longitudinal studies are needed to validate these findings and explore potential differences in microbial colonization across different patient group.

In addition, the reliance on conventional culture methods may have limited the detection of fastidious organisms or those that require more specialized diagnostic techniques. Future studies incorporating molecular diagnostic tools such as polymerase chain reaction (PCR) or next-generation sequencing (NGS) could provide a more comprehensive understanding of the microbial diversity in post-caesarean section infections.

Furthermore, this study did not examine risk factors for infection or antibiotic resistance, such as the number of vaginal examinations, or prior antibiotic use. Future research should explore these factors to provide more targeted strategies for infection prevention.
Conclusion and Recommendations

This study provides critical insights into the microbial profiles and antibiotic sensitivity patterns in post-caesarean section infections. It has been able to demonstrate significant relationship between post caesarean puerperal and wound sepsis by demonstrating the predominance of S. aureus and K. pneumoniae, along with the high sensitivity to Gentamycin and Ciprofloxacin from analysis of both isolates hence highlighting the need for targeted empirical therapy in this population. However, the growing resistance to commonly used antibiotics like Amoxicillin-Clavulanic acid underscores the importance of antibiotic stewardship and ongoing surveillance to curb the spread of resistant pathogens. 
Recommendations:
· Empirical Antibiotic Therapy: Prioritize the use of Gentamycin and Ciprofloxacin in empirical treatment of post-caesarean section infections based on the high sensitivity rates in this study.
· Antibiotic Stewardship Programmes: Hospitals should implement antibiotic stewardship programmes to reduce the misuse of antibiotics, particularly beta-lactam antibiotics, and ensure that more effective therapies are utilized.
· Infection Control Measures: Strengthen infection control practices in the hospital environment to reduce the incidence of post-surgical infections, including the use of antiseptic techniques and timely prophylactic antibiotic administration.
· Surveillance and Monitoring: Regular monitoring and reporting of local antibiotic resistance patterns should be mandatory to ensure treatment protocols remain up-to-date with microbial trends.
· Further Research: Conduct larger, multi-center studies using advanced diagnostic techniques to validate these findings and explore the impact of additional risk factors on post-caesarean section infections.
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