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Background
Owing to the complexity and substantial resources 
required to diagnose healthcare-associated infec-
tions (HAIs) and multi-drug resistance patho-
gens, their actual burden in developing countries 
is unknown.1,2 Global estimates of the incidence 

of HAIs in developed countries range from 1.2% 
to 5.2%.1 In developing countries, the pooled 
prevalence of HAIs is 10.1%.1 The prevalence of 
HAIs is 19.4% in Ethiopia, 14.8% in Tanzania 
and 14.3% in Nigeria.3–5 Cumulatively, the inci-
dence of HAIs in the African region is between 
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2.5% and 14.8%, with most studies reporting 
assessments of surgical site infections (SSIs).6

Several risk factors underlie the development of 
SSIs. Laloto et al.7 reported in 2017 that older 
age, prolonged preoperative hospital stay and 
inappropriate antibiotic prophylaxis contribute to 
the development of SSIs. Other factors, such as 
comorbidities, smoking, high American Society 
of Anaesthesiologists (ASA) preoperative assess-
ment scores and low compliance with hand 
hygiene, also contribute to the development of 
postoperative wound infections.8–10 Our previous 
research has shown that many of these risk factors 
exist in our environment. In these studies, there 
were high rates of inappropriate surgical antibi-
otic prophylaxis, low compliance to hand hygiene 
among healthcare workers and limited resources 
to support hand hygiene promotion activities in 
Sierra Leone.11–13

SSIs and antibiotic resistance have an intertwined 
relationship. Bacteria isolated from postoperative 
wounds are often resistant to multiple antibiotics 
and lead to prolonged hospital stay, worsened 
morbidity and mortality, and increased cost of 
care.7,14 Recognizing the enormous challenges 
caused by SSI, other HAIs and antibiotic resist-
ance, the member states of the United Nations 
(UN) made commitments to tackle the problem 
in its 2015 General Assembly, taking into account 
that antimicrobial resistance is incorporated into 
the Sustainable Development Goals.15,16 
Furthermore, in January 2022, the World Health 
Organization (WHO) Executive Board called on 
countries to prioritize the prevention of SSI and 
other infections at the health facility level as a 
means of strengthening health systems.17 Hence, 
to strengthen the local health system, surveillance 
and prevention strategies for SSIs and drug-
resistant pathogens should be prioritized by all 
health facilities.

In Sierra Leone, the SSI data needed to identify 
existing gaps in surveillance and prevention are 
limited. This challenge has a tendency to disrupt 
the design and implementation of targeted 
improvement plans. Previous studies, conducted 
mainly in the capital of Sierra Leone, have 
reported SSIs prevalence rates between 7.3% and 
11.5%, comparable to the global prevalence of 
SSIs.18–20 There is no such data to describe SSIs 
in different geographic regions of Sierra Leone. 

Understanding the burden of SSI and antibiotic 
resistance and its drivers will have important pol-
icy implications for implementing appropriate 
antibiotic prescribing practices and Infection 
Prevention and Control (IPC) activities.

In this study, we aimed to assess the burden of 
SSIs and associated antibiotic resistance in two 
hospitals in two geographic regions of Sierra 
Leone to provide information for local antibiotic 
stewardship and IPC. Specifically, in 2021, the 
study (1) determined the incidence of SSIs; (2) 
described the clinical characteristics of postopera-
tive patients; (3) assessed the risk factors for SSIs; 
and (4) identified bacteria isolated from postop-
erative wounds and determined their antibiotic 
resistance patterns.

Methods

Study design and study population
The study employed a prospective observational 
design to collect data from adults 18 years or older 
who had surgeries in two hospitals in Sierra 
Leone.

Study settings
We selected two hospitals in different geographic 
regions of Sierra Leone for the study. Both hospi-
tals serve large populations in their catchment 
areas, thereby providing quasi-tertiary healthcare 
services.

Of the two hospitals, the 34 Military Hospital 
(MH) is located in Freetown, Sierra Leone’s capi-
tal with a population of 1 million persons while 
Makeni Government Hospital (MGH) is a 
regional hospital located 170 km away from the 
capital with a population of 444,270 inhabitants, 
which is approximately 6.3% of the Sierra Leonean 
population.21 The two hospitals were selected 
because their location in different geographic set-
tings provided an opportunity to understand the 
urban–rural differences in the burden of SSIs and 
antibiotic resistance in Sierra Leone.

The two hospitals are owned by the government 
of Sierra Leone with similar infrastructure and 
almost an equal capacity of 200 beds each. Both 
provide medical, surgical, paediatrics, obstetrics 
and gynaecology services.
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Sampling method
With a confidence level of 95%, a margin of error 
of 3% and a proportion of patients with SSI of 
13.85%,3 we calculated a minimum sample size 
of 183 patients per hospital using the Leslie Kish 
formula. However, we sequentially enrolled 417 
surgical patients admitted to the surgical and the 
obstetrics and gynaecology wards of the two hos-
pitals, from March 2021 through October 2021. 
Of these, 233 were recruited at MGH.

Data were collected by nurses trained in SSI 
assessment and antibiotic resistance. After admis-
sion, patients were recruited in the preoperative 
ward by collecting data on the ASA score,22 and 
preoperative skin preparation. In the postopera-
tive ward, information on the intraoperative pro-
cedure and surgical wound was collected.

Patients were followed weekly by phone or hospi-
tal visit until they develop SSI or when the wound 
is completely healed. If the wound is still active, 
we continue to follow patients until 30 days after 
surgery. When a patient developed an SSI, wound 
swabs were collected under aseptic technique and 
sent to the laboratory for processing. All labora-
tory results were communicated to the clinicians 
managing the patients.

Definitions
Surgical wounds were classified according to the 
possibility of infection as clean, clean-contami-
nated and contaminated.23,24 While a clean 
wound is an uninfected operative wound in which 
no inflammation is encountered and the respira-
tory, alimentary, genital or uninfected urinary 
tracts are not entered, clean-contaminated 
wounds are operative wounds in which the res-
piratory, alimentary, genital or urinary tracts are 
entered under controlled conditions and without 
unusual contamination. A contaminated wound 
is an open, fresh, accidental wound.

A postoperative wound was clinically identified as 
SSI if it occurs within 30 days after the operative 
procedure with any of purulent discharge from 
the incision, local swelling, redness, pain or ten-
derness, wound abscess or fever.23,24

SSI were classified clinically into superficial (pres-
ence of signs and symptoms of infection at the 
site), deep (presence of at least purulent drainage 
from the deep incision, spontaneous dehisces or a 

deliberately opened deep incision, localized pain, 
tenderness or abscess) and organ/space (involves 
any part of the anatomy other than the incision, 
which was opened or manipulated during an 
operation and at least purulent drainage from a 
drain that is placed through a stab wound into the 
organ/space).

Laboratory procedure
On reaching the laboratory, wound swabs were 
streaked onto the chromogenic agar plate 
(CHROMagarTM orientation) and incubated aer-
obically at 37°C for 18–24 h. Where there was a 
bacterial growth, a colony was picked and streaked 
onto a Brain Heart Infusion (BHI) agar plate for 
purification and gram staining. All isolates were 
cultured twice to ensure they were pure but there 
wer no discordant results.

A VITEK 2 compact system (bioMérieux, 
France) was used for identification and antibiotic 
susceptibility testing of isolates from pure cul-
tures. Using a DensiCHEK Plus turbidimeter 
(bioMérieux, France), a solution of bacteria in 
saline was prepared in polystyrene tubes (bioMé-
rieux, France) to levels between 0.5 and 0.63 
McFarland standard. Antibiotic susceptibility 
tests were performed by adding 145 μl (for gram-
negative bacteria) or 280 μl (for gram-positive 
bacteria) of suspension into a new polystyrene 
tube as per the manufacturer’s instructions.

The isolate suspensions were loaded on the 
VITEK 2 compact system and incubated over-
night at 37°C. All the culture and antibiotic sus-
ceptibility results generated were printed and 
dispatched to the research team.

Data collection, management and analysis
Data were exported from the Epi-collect platform 
to Microsoft Excel, cleaned, coded and trans-
ferred to STATA version 16 (StataCorp LLC) 
for analysis. Descriptive statistics, such as fre-
quencies and percentages, were used to present 
the demographic and clinical characteristics of 
study participants.

Bivariate and multivariate Cox regression was 
used to identify factors associated with SSI.

Variables with p values <0.25 from a bivariate 
Cox regression model were fitted to a multivariate 
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logistic regression model to identify predictors of 
SSI. Results are shown as crude hazard ratios and 
adjusted hazard ratios (aHR) with 95% confi-
dence intervals (CIs) after bivariate analysis and 
multivariate analysis. P values less than 0.05 were 
considered statistically significant.

Results

Demographic characteristics of study 
participants
Of the 417 patients enrolled in this study, 233 
(55.9%) were recruited in MGH. The majority 
were women (294,70.5%), and 197 (47.2%) were 
between the ages of 25 and 44 years. Details of 
the patients’ demographic characteristics are pre-
sented in Table 1.

Clinical findings
Most patients had an ASA score of 2 or above 
(383,91.8%). The majority of the patients had 

obstetric surgery (232,55.6%), were admitted for 
less than 24 h before surgery (326,78.4%) and 
were placed on antibiotics preoperatively 
(400,96.1%) (Table 2).

In 177 (42.5%) surgeries, patients were given 
local or spinal anaesthesia. Surgery was attended 
by more than two surgeons [7 (1.7%)], more than 
one scrub nurse [19 (4.6%)] or more than one 
anaesthesiologist [183 (44%)]. Most surgical 
wounds were clean [387 (93%)]. Intraoperatively, 
antibiotics were administered to 22 (5.4%) 
patients.

Postoperatively, antibiotics were prescribed for 
410 (99%) patients. In total, 83 (19.9%) patients 
reported elevated fasting blood glucose in the dia-
betic range (Table 2).

Incidence and risk factors associated with SSIs
All 417 patients were followed up for 6227 per-
son-days. During this period, 34 patients 

Table 1.  Sociodemographic characteristics of the study participants (N = 417).

Variables Total
N (%)

MH
N (%)

MGH
N (%)

Overall total 417 (100) 184 (44.1) 233 (55.9)

Sex  

  Female 294 (70.5) 69 (37.5) 225 (97.6)

  Male 123 (29.5) 115 (62.5) 8 (3.4)

Age (years)  

  <25 174 (41.7) 52 (28.3) 122 (52.4)

  25–44 197 (47.2) 86 (48.4) 108 (46.3)

  45–60 29 (7.0) 24 (15.2) 1 (0.4)

  >60 17 (4.1) 15 (8.1) 2 (0.9)

Level of education  

  None 70 (16.8) 38 (20.7) 32 (13.7)

  Primary 62 (14.9) 30 (16.3) 32 (13.7)

  Secondary 223 (53.5) 83 (45.1) 140 (60.1)

  Tertiary 62 (14.9) 33 (17.9) 29 (12.5)

MGH, Makeni Government Hospital; MH, Military Hospital.
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Table 2.  Clinical characteristics of study participants (N = 417).

Variables Total
N (%)

MH
N (%)

MGH
N (%)

Overall total 417 (100) 184 (44.1) 233 (55.9)

ASA score  

  <2 34 (8.2) 28 (15.2) 6 (2.6)

  ⩾2 383 (91.8) 156 (84.8) 227 (97.4)

Surgery  

  Obstetric 232 (55.6) 44 (23.9) 188 (80.7)

  Gynaecological 24 (5.8) 4 (2.2) 20 (8.6)

  Abdominal 145 (34.8) 122 (66.3) 23 (9.9)

  Non-abdominal 16 (3.8) 14 (7.6) 2 (0.9)

Preoperative blood transfusion  

  No 413 (99.0) 183 (99.5) 230 (98.7)

  Yes 4 (1.0) 1 (0.5) 3 (1.3)

Comorbidities  

  Absent 385 (92.3) 157 (85.3) 228 (97.8)

  Present 32 (7.7) 27 (14.7) 5 (2.2)

Preoperative admission (h)  

  ⩽24 326 (78.4) 108 (59.0) 218 (93.6)

  >24 90 (21.6) 75 (41.0) 15 (6.4)

Preoperative antibiotics  

  No 16 (3.9) 4 (2.2) 12 (5.2)

  Yes 400 (96.1) 180 (97.8) 220 (94.8)

Surgery duration (min)  

  <120 408 (97.8) 177 (96.2) 231 (99.1)

  ⩾120 9 (2.2) 7 (3.8) 2 (0.9)

Type of anaesthesia  

  Local/spinal 177 (42.5) 165 (89.7) 12 (5.2)

  General 240 (57.5) 19 (10.3) 221 (94.8)

Type of suture  

  Vicryl 233 (55.9) 0 (0) 233 (100)

  Nylon 184 (44.1) 184 (100) 0

Intraoperative blood transfusion  

  No 398 (95.4) 182 (98.9) 216 (92.7)

  Yes 19 (4.6) 2 (1.1) 17 (7.3)

Number of surgeons  

  ⩽2 409 (98.3) 177 (96.2) 232 (100)

(Continued)
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Variables Total
N (%)

MH
N (%)

MGH
N (%)

  >2 7 (1.7) 7 (3.8) 0 (0)

Number of scrub nurses  

  1 397 (95.4) 169 (92.3) 228 (97.8)

  >1 19 (4.6) 14 (7.7) 5 (2.2)

Number of anaesthetists  

  1 233 (56.0) 9 (4.9) 224 (96.5)

  >1 183 (44.0) 175 (95.1) 8 (3.5)

Intraoperative antibiotics  

  No 384 (94.6) 165 (90.2) 219 (98.2)

  Yes 22 (5.4) 18 (9.8) 4 (1.8)

Type of wound  

  Clean 387 (93.0) 175 (95.6) 212 (91.0)

  Clean-contaminated/contaminated 29 (7.0) 8 (4.4) 21 (9.0)

Postoperative antibiotics  

  No 4 (1.0) 3 (1.7) 1 (0.4)

  Yes 410 (99.0) 178 (98.3) 232 (99.6)

Postoperative NG tube  

  No 410 (98.6) 179 (97.8) 231 (99.1)

  Yes 6 (1.4) 4 (2.2) 2 (0.9)

Postoperative urinary catheter  

  No 16 (3.8) 1 (0.5) 15 (6.4)

  Yes 401 (96.2) 183 (99.5) 218 (93.6)

Surgical drains use  

  No 400 (95.9) 168 (91.3) 232 (99.6)

  Yes 17 (4.1) 16 (8.7) 1 (0.4)

Postoperative admission (h)  

  ⩽48 25 (6.0) 14 (7.6) 11 (4.7)

  >48 392 (94.0) 170 (92.4) 222 (95.3)

Fasting blood glucose (mmol/litre)  

  <5.6 149 (35.7) 28 (15.2) 121 (51.9)

  5.6–6.9 185 (44.4) 89 (48.4) 96 (41.2)

  ⩾7 83 (19.9) 67 (36.4) 16 (6.9)

Surgical site infection  

  Absent 383 (91.8) 164 (89.1) 219 (94.0)

  Present 34 (8.2) 20 (10.9) 14 (6.0)

ASA, American Society of Anaesthesiologists; MGH, Makeni Government Hospital; MH, Military Hospital; NG, nasogastric.

Table 2.  (Continued)
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developed an SSI (cumulative SSI incidence of 
8.2%). The incidence rate of SSI was 5.5 per 
1000 patient-days (Table 2). Among the 34 
patients with an SSI, 58.8% of them received care 
at MH.

In bivariate Cox regression analysis, preoperative 
admission for more than 24 h (p = 0.005), con-
taminated versus clean wounds (p < 0.001) and 
postoperative admission time >48 h (p = 0.022) 
were among the factors associated with the occur-
rence of SSI. Multivariate Cox regression showed 
that contaminated wounds had an almost seven-
fold higher risk of SSI compared with clean 
wounds [aHR = 6.82, 95% CI (1.66–28.1); 
p = 0.008] (Table 3).

Bacteria isolates from postoperative wounds 
and patterns of antibiotic resistance
In total, wound swabs were collected from 32 
(94%) of 34 SSI patients; 20 (100%) in MH and 
12 (86%) in MGH. Bacterial growth was reported 
in 18 (90%) and 7 (58%) swabs collected from 
MH and MGH, respectively.

Common bacteria isolated in MH were Escherichia 
coli [6 (33.3%)] and Pseudomonas aeruginosa [3 
(16.7%)]. P. aeruginosa [3 (42.9%)] and Proteus 
mirabilis [2 (28.9%)] were the common bacteria 
isolated in MGH (Table 4).

Less common gram-negative bacilli such as 
Achromobacter xylosoxidans, Stenotrophomonas 
maltophilia and Sphingomonas paucimobilis were 
isolated mostly in MH. Rhizobium radiobacter, 
another less commonly found gram-negative 
bacillus, was isolated in MGH. Two isolates of 
the gram-positive cocci such as Staphylococcus 
haemolyticus and the rare emerging pathogen, K. 
kristinae, were isolated in MH.

Patterns of antibiotic resistance of bacteria 
isolates from postoperative wounds
Of all the gram-negative bacilli isolated from 
post-operative wounds, 40% were Extended-
spectrum β-lactamase (ESBL) producing Enter­
obacteriaceae, 33% were Carbapenem-resistant  
P. aeruginosa (CRPA) and 10% were Carba
penem-resistant Enterobacteriaceae (CRE) (Figure 
1). Many bacteria were sensitive to piperacillin/
tazobactam, amikacin, cefotetan, imipenem and 
meropenem (Table 5).

Discussion
We recorded an incidence rate of SSIs of 5.5 per 
1000 patients-days and a cumulative SSIs inci-
dence of 8.2%. The incidence of SSIs reported 
in this study is lower than the previously reported 
incidence of 11.5% in secondary and tertiary 
care settings in Sierra Leone.18 Similarly, only 
7% of surgical wounds in this study were clean-
contaminated or contaminated, compared with 
previously reported rates of more than 40%  
of clean-contaminated and contaminated 
wounds.18 These variations in the clinical char-
acteristics may explain the differences in the 
incidence of SSIs reported in these studies. 
Furthermore, the incidence of SSIs reported in 
this study is lower than the African average of 
16%.25 Sierra Leone is one of the countries that 
suffered the most from the 2014 to 2016 Ebola 
virus disease epidemic.26 In response to this epi-
demic, the government established the National 
IPC Policy in 2015.27 Since then, the IPC pro-
gramme has been supporting hospitals to 
strengthen IPC services. The improvement in 
IPC services may explain the relatively lower 
incidence of SSI in our study. Nevertheless, 
because SSIs can have dire consequences for 
patients and their caregivers, including costs 
and worsening morbidity and mortality,7 long-
term planning is required to sustain ongoing 
efforts.

More than 96% of patients in this study received 
an antibiotic during the preoperative and postop-
erative periods. One might think that this may 
have provided protection against the develop-
ment of SSIs. However, there was no statistical 
association between the occurrence of SSI and 
antibiotic use. The lack of protection against SSIs 
by the prescribed antibiotics could be explained 
by the fact that, in these hospital settings, the 
wrong antibiotics are used at the wrong time for 
surgical prophylaxis.28

Risk factors for SSI in this study are older age, 
abdominal surgeries, duration of preoperative 
admission time more than 24 h, the presence of 
more than two surgeons or one scrub nurse, con-
taminated wounds, placement of nasogastric 
(NG) tube or surgical drain, the presence of 
comorbidities and surgery duration. This pattern 
is similar to the studies in sub-Saharan Africa18,25,29 
and elsewhere in Israel30 and the United States.31 
These findings may be a reflection of late presen-
tation for care or perhaps it could be explained by 
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Table 3.  Bivariate and multivariable Cox regression of factors associated with SSIs.

Variables Surgical site infection Crude HR
(CI)

p Adjusted HR
(CI)

p

Yes, n (%)
34 (8.2)

No, n (%)
383 (91.8)

Hospital study site

  MH 20 (58.8) 164 (42.8) 1 1  

  MGH 14 (41.2) 219 (57.2) 0.52 (0.27–1.05) 0.067 0.84 (0.10–6.96) 0.874

Sex

  Female 22 (64.7) 272 (71.0) 1  

  Male 12 (35.3) 111 (29.0) 1.34 (0.66–2.71) 0.412  

Age (years)

  <25 10 (29.4) 164 (42.8) 1 1  

  26–44 15 (44.1) 182 (47.5) 1.50 (0.67–3.34) 0.320 1.44 (0.59–3.48) 0.421

  45–65 6 (17.7) 23 (6.0) 3.91 (1.42–10.8) 0.008 2.78 (0.66–11.76) 0.163

  >65 3 (8.8) 14 (3.7) 4.71 (1.29–17.2) 0.019 3.66 (0.72–18.71) 0.119

ASA

  <2 2 (5.9) 32 (8.4) 1  

  ⩾2 32 (94.1) 351 (91.6) 1.48 (0.35–6.13) 0.599  

Site of surgery

  Obstetric 12 (35.3) 220 (57.4) 1 1  

  Gynaecological 1 (2.9) 23 (6.0) 1.00 (0.13–7.71) 0.999 0.39 (0.04–3.69) 0.416

  Abdominal 18 (52.9) 127 (33.2) 2.59 (1.25–5.39) 0.011 0.84 (0.25–2.78) 0.773

  Non-abdominal 3 (8.8) 13 (3.4) 3.51 (0.99–12.47) 0.053 1.31 (0.25–6.95) 0.755

Comorbidities

  Absent 29 (85.3) 357 (92.9) 1 1  

  Present 5 (14.7) 27 (7.1) 2.00 (0.77–5.16) 0.154 1.51 (0.49–4.67) 0.476

Preoperative admission (h)

  ⩽24 19 (55.9) 307 (80.4) 1 1  

  >24 15 (44.1) 75 (19.6) 2.61 (1.33–5.14) 0.005 1.27 (0.51–3.19) 0.610

Preoperative antibiotics

  No 2 (5.9) 14 (3.7) 1  

  Yes 32 (94.1) 368 (96.3) 0.47 (0.11–1.97) 0.303  

(Continued)
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Variables Surgical site infection Crude HR
(CI)

p Adjusted HR
(CI)

p

Yes, n (%)
34 (8.2)

No, n (%)
383 (91.8)

Surgery duration (min)

  <120 31 (91.2) 377 (98.4) 1 1  

  ⩾120 3 (8.8) 6 (1.6) 2.68 (0.82–8.82) 0.104 0.44 (0.07–2.74) 0.379

Type of anaesthesia

  Local/spinal 16 (47.1) 161 (42.0) 1  

  General 18 (52.9) 222 (58.0) 0.81 (0.41–1.58) 0.533  

Number of surgeons

  ⩽2 30 (88.2) 379 (99.2) 1 1  

  >2 4 (11.8) 3 (0.8) 6.1 (2.13–17.41) 0.001 1.49 (0.24–9.19) 0.669

Number of scrub nurses

  1 29 (85.3) 368 (96.3) 1 1  

  >1 5 (14.7) 14 (3.7) 3.03 (1.15–7.94) 0.024 1.26 (0.31–5.18) 0.745

Number of anaesthetists

  1 14 (41.2) 219 (57.3) 1 1  

  >1 20 (58.8) 163 (42.7) 1.91 (0.96–3.78) 0.064 1.07 (0.13–8.75) 0.946

Intraoperative antibiotics

  No 31 (96.9) 353 (94.4) 1  

  Yes 1 (3.1) 21 (5.6) 0.57 (0.08–4.23) 0.588  

Type of wound

  Clean 25 (73.5) 362 (94.8) 1 1  

  Clean-contaminated/
contaminated

9 (26.5) 20 (5.2) 4.32 (2.02–9.26) <0.001 6.82 (1.66–28.1) 0.008

Postoperative antibiotics

  No 0 (0) 4 (1.0) 1  

  Yes 34 (100) 376 (99.0) 0.82 (0.04–15.64) 0.898  

Postoperative NG tube

  No 31 (91.2) 379 (99.2) 1 1  

  Yes 3 (8.8) 3 (0.8) 3.74 (1.12–12.51) 0.032 0.31 (0.04–2.15) 0.235

Urinary catheter

  No 2 (5.9) 14 (3.7) 1  

(Continued)

Table 3.  (Continued)
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Variables Surgical site infection Crude HR
(CI)

p Adjusted HR
(CI)

p

Yes, n (%)
34 (8.2)

No, n (%)
383 (91.8)

  Yes 32 (94.1) 369 (96.3) 0.59 (0.14–2.49) 0.477  

Surgical drains use

  No 30 (88.2) 370 (96.6) 1 1  

  Yes 4 (11.8) 13 (3.4) 2.97 (1.04–8.42) 0.041 1.47 (0.31–6.91) 0.624

Postoperative admission (h)

  ⩽48 5 (14.7) 20 (5.2) 1 1  

  >48 29 (85.3) 363 (94.8) 0.33 (0.13–0.85) 0.022 0.33 (0.11–1.00) 0.050

ASA, American Society of Anaesthesiologists; CI, confidence interval; HR, hazard ratio; MGH, Makeni Government Hospital; MH, Military Hospital.

Table 3.  (Continued)

Table 4.  Bacterial isolates from postoperative wounds.

Bacterial isolate MH MGH

N = 18 % N = 7 %

Escherichia coli 6 33.3 1 14.3

Klebsiella pneumoniae ssp pneumonia 0 0.0 0 0.0

Klebsiella oxytoca 1 5.6 0 0.0

Pseudomonas aeruginosa 3 16.7 3 42.9

Enterobacter cloacae complex 1 5.6 0 0.0

Enterococcus gallinarum 1 5.6 0 0.0

Acinetobacter baumannii complex 1 5.6 0 0.0

Sphingomonas paucimobilis 1 5.6 0 0.0

Staphylococcus haemolyticus 1 5.6 0 0.0

Rhizobium radiobacter 0 0.0 1 14.3

Proteus mirabilis 0 0.0 2 28.6

Kocuria kristinae 1 5.6 0 0.0

Achromobacter xylosoxidans 1 5.6 0 0.0

Stenotrophomonas maltophilia 1 5.6 0 0.0

MGH, Makeni Government Hospital; MH, Military Hospital.
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the inappropriate use of surgical drains and NG 
tubes in these hospitals. Although not statistically 
significant, the difference in risk factor burden 
could also explain the higher incidence of SSI in 
MH than in MGH.

A variety of bacteria were isolated from postop-
erative wounds, most of which were gram-nega-
tive bacilli. This is not uncommon in this 
environment and in Africa as a whole. Similar 
patterns of bacterial isolates in postoperative 
wounds were reported in our previous study18 
and several other studies in Africa.7,32 As normal 
flora common to the skin, Staphylococcus aureus 
and other gram-positive cocci have traditionally 
been the most common bacteria isolated from 
postoperative wounds.33 The reason for the 
changes in the pattern of bacteria isolates is 
unclear, but an important message from this find-
ing is that guidelines on surgical antibiotic proph-
ylaxis should take into consideration the local 
evidence of bacteria isolates and antibiotic resist-
ance patterns.

Several unusual bacteria are isolated from the 
postoperative wounds of patients in MH. These 
include gram-negative bacilli such as A. xylosox­
idans, S. maltophilia and S. paucimobilis, as well as 
the rare emerging gram-positive cocci, K. kristi­
nae. A. xylosoxidans often causes disease in people 
with cystic fibrosis but has been isolated from the 
postoperative wound of a patient after ventral 

hernia repair.34 S. paucimobilis has been isolated 
in ophthalmic surgery.35 In a recent study, K. 
kristinae was isolated from the postoperative 
wound of a patient in a tertiary hospital in Sierra 
Leone.18

Antibiotic resistance is a global health problem, 
as it continues to increase at unparallel scale.36 In 
this study, most of the bacteria from postopera-
tive wounds are either ESBL-producing 
Enterobacteriaceae or are CRPA similar to previ-
ous studies conducted in Sierra Leone18,37 and 
Egypt.33 Less commonly, some isolates are CRE.

This study has limitations and strengths. Although 
the evidence generated by this study is not nation-
ally representative, it provides evidence of SSIs 
and associated antibiotic resistance in two geo-
graphic regions of Sierra Leone. The small num-
ber of bacterial isolates obtained from 
postoperative wounds of patients in this study 
makes the antibiotic resistance pattern not truly 
representative.

Conclusion
Although the incidence of SSI recorded in our 
study is lower than previously reported, the rate 
of antibiotic resistance in this study is high. 
Urgent action is needed to invest in improving the 
microbiology infrastructure to support SSIs sur-
veillance and prevention strategies.

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

ESBL Enterobacteriacea

Carbapenem resistance Enterobacteriacea (CRE)

Carbapenem-resistant P. aeruginosa (CRPA)

Figure 1.  Patterns of antibiotic resistance of bacteria isolates from postoperative wounds.
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