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A B S T R A C T   

Background: Surgical site infections (SSIs) are infections that occur within 30 days of surgery or within 1 year in 
patients with implants at or around the surgical site. They are among the dangerous complications of surgical 
procedures that expose patients to higher costs and increase the risk of death because of severe morbidity and 
associated longer hospital stays. This study aimed to determine the extent and determinants of surgical site 
infections in surgically treated cases during the study period. 
Methods: A hospital-based cross-sectional study was conducted among surgically treated patients at Dilla Uni-
versity Referral Hospital in the surgical department. The calculated sample size was 408, calculated using the 
single population proportion formula, and the required information was collected from the medical records of the 
study participants using checklists. Bivariate logistic regression was performed to identify candidate variables, 
and all candidate variables with a P-value < of 0.25 were included in multivariable logistic regression. Variables 
with a P-value < 0.05 were considered statically significant, and the strength of association was measured by 
odds ratio (OR) with 95% confidence intervals (CIs). 
Result: As our finding showed magnitude of surgical site infections was 19.3%. The factors which had significant 
association with surgical wound infections were blood transfusion (AOR = 0.16 (0.04–0.73), hemoglobin level <
7 g/dl (AOR = 10.40 (3.39–32.49), shock (AOR = 19.09 (4.69–77.51), previous surgery (AOR = 11.53 
(3.73–35.61), hospitalization 7–14 days (AOR = 5.51(1.52–19.91) and hospitalization >14 days (AOR = 8.18 
(1.84–36.75). 
Conclusion: The percentage of surgical site infections was high. Shock, low haemoglobin level, blood transfusion, 
previous surgery, and longer length of hospital stay were significantly related to surgical site infections.   

1. Introduction 

Surgical site infections (SSIs) are infections that happen at or around 
the surgical site within 30 days of operation or within 1 year among 
those with implants which accounts for 20% of all Hospital-acquired 
infections (HAIs) with a pooled prevalence of 2.5–41.9% worldwide 
[1]. Low and middle-income countries are significantly affected by SSIs 
when compared to countries with high-income, particularly among pa-
tients in Intensive care units (ICU) [2]. 

SSI is one of the dangerous complications of surgical procedures that 
expose the patient to higher costs due to severe morbidity and associated 
longer hospital stays(additional 7–11 postoperative days) as well as to 
increase risk of death (2–11 times increased risk of death compared to 
post-operative patients without SSI) [1,3]. 

It is a preventable complication of surgery that can be achieved by 
practicing the recommended basic principles of infection prevention 
strategies like complete adherence to WHO surgical safety checklists, 
surgical hand washing practices, utilization of skin antisepsis over the 
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operation field, and providing antibiotic prophylaxis before starting the 
procedure as well shortening the duration of the surgery and improving 
ventilation system [4]. 

Despite of improvements in operating room practices, sterilization 
techniques, and the best efforts of infection prevention strategies applied 
even in the best and well-equipped health facilities; the incidences, 
complications, and the burden of SSI in terms of patient morbidity, 
treatment costs, and mortality rates are still significantly rising [5,6]. 

There are several risk factors for SSI. Patient-related factors are age 
obesity, poor nutritional state, substances abuse, morbid illness, anemia, 
and elevated pre-operative or postoperative serum glucose concentra-
tion. Procedure-related factors include use of a drain, prolonged dura-
tion of the operation, significant contamination of the incision, long pre- 
operative, and post-operative, hospital stay, emergency operation, 
multi-level osteotomy, surgical resident participation in the operative 
procedure inadequate prophylactic antibiotic therapy [7,8]. 

In developing countries where resources are limited, even basic life- 
saving operations, such as appendectomies and cesarean sections will 
get infected and result in high morbidity and mortality. Indeed many 
studies are conducted across the globe to identify the magnitude and risk 
factor of SSIs, there is significant variation by incidences from region to 
region. 

Based on currently available data, the magnitude of SSI in Ethiopia 
shows great variability with a range of 10.9–75% [9] and has provided 
limited information’s regarding factors related to the development of SSI 
[10]. Hence generalization of these studies and bringing them into 
clinical practice is difficult. This study aimed to determine the magni-
tude and determinant factors of surgical site infections among surgically 
managed cases within the study period. 

2. Methodology 

An institutional-based cross-sectional study was conducted on pa-
tients who had surgery from July 01, 2020–June 30, 2021 in Dilla 
University Referral Hospital. Ethical clearance was obtained from the 
Institutional review board of Dilla University College of Health Science 
and Medicine before the start of the study. Written informed consent was 
obtained from each study participant and from their family for the pa-
tient whose age was <18. The study was reported in line with the 
STROCSS guideline [11]. This study was also registered on the research 
registry with the unique identification number of research registry 7356 
https://www.researchregistry.com/browse-the-registry#home. All pa-
tients who had surgery and admitted to surgical ward were included in 
this study. A patient who has an implant and the one who got an oper-
ation in other hospitals besides came with complications of the surgeries 
were excluded from the study. 

Data were collected by four BSc Nurses and two health officers after 
giving training for them. A pre-test was conducted on 5% of the sample 
size. Depending on the result of the pretest, correction and modification 
were done on the checklist before applying to the study subjects. 

The required information was collected from the patient’s medical 
charts using a structured checklist which contains socio-demographic 
characteristics of the subjects, diagnosis at presentation, type of anes-
thesia, and laboratory data. During data collection, no identification of 
the patient’s information was collected. 

For this study, the following definitions were used: 
SSI: A surgeon’s diagnosis of infection, or deliberately re-opened the 

wound, or any history of wound care given.  

➢ Class I wound (clean) - no inflammations, the respiratory, 
alimentary, genital, or urinary tracts are not entered.  

➢ Class II wound (Clean-contaminated) - no evidence of infection, 
respiratory, alimentary, genital, or urinary tract is entered under 
controlled conditions  

➢ Cass III wound (Contaminated) - Inflammation is encountered. All 
accidental wounds  

➢ Class IV wound (Dirty or infected) - Old delayed >6 h traumatic 
wounds with retained devitalized tissue, perforated viscera.  

➢ Superficial SSI (skin/subcutaneous) - Purulent drainage (pus) 
from superficial incision or organism identified (if culture done) 

Deep SSI (fascia/muscle) - Purulent drainage (pus) from the deep 
incision or deep incision dehiscence or deep infection/abscess found on 
imaging/examination. 

Organ/space SSI - Deeper than fascia/muscle purulent drainage 
(pus) from organ or space (from an inserted drain) or organ or space 
infection/abscess found on imaging/examination. 

2.1. Sample size determination 

The Sample size was determined by taking previous study results 
which showed a 19.1% prevalence of SSIs [12]. 

By considering 95% confidence interval and 4% margin of error 371 
participants were considered. By adding a 10% non-response rate a total 
of 408 patients were selected using a simple random sampling method. 

2.2. Data processing and analysis 

Data were checked manually for completeness and then coded and 
entered into EPI info version 7 then transferred to SPSS version 20 
computer program for analysis. Categorical variables were summarized 
as numbers and percentages. Bivariate logistic regression analysis was 
run to identify association and those variables with a p-value less than or 
equal to 0.25 were considered candidates for multivariable logistic 
regression. The strength of statistical association was measured by odds 
ratios (OR) with a 95% confidence interval and variables with P-value, 
less than 0.05 were considered as statistically significant. 

3. Result 

3.1. Socio-demographic and personal characteristics 

From the total of 408 samples that fulfilled the inclusion criteria, 
9.6% of the subjects were excluded because of incomplete information, 
and data of 373 samples were analyzed. Among 373 patients 221 
(59.2%) were males. The median age of the patients was 42 with an IQR 
of 20 years. Of 373 patients 45 (12.1%) had a habit of drinking alcohol 
while 13 (3.4%) were smokers. Twenty-nine (7.8%) patients had co- 
morbidities, from which 6 (20.7%) were with Diabetic mellitus, 12 
(41.4%) with Hypertension, 4 (13.8%) HIV/AIDS and 7 (24.1%) were 
with others (Table 1). 

Table 1 
Socio-demographic and personal characterstics patient admitted to surgical 
wards of Dilla University Referral Hospital, 2021.  

Variable Category Frequency Percent 

Age <19 30 8.0% 
19–64 271 72.7% 
>64 72 19.3% 

Sex Male 221 59.2% 
Female 152 40.8% 

Alcohol Yes 45 12.1% 
No 324 86.9% 
Not recorded 4 1.1% 

Smoking Yes 13 3.5% 
No 356 95.4% 
Not recorded 4 1.1% 

Past medical illness Yes 29 7.8% 
No 333 89.3% 
Not recorded 11 2.9% 

Type of past medical illnesses(n = 29) DM 6 20.7% 
Hypertension 12 41.4% 
HIV 4 13.8% 
Other 7 24.1%  
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3.2. Pre-operative charactersitcs of study participants 

As finding of this study showed 187 (50.1%) of the patients had a 
hemoglobin level of >10 g/dl, while 86 (23.1%) of them had hemo-
globin levels below 7 g/dl. Seventy-nine (21.2%) patients had systolic 
blood pressure records below 90 mmHg, and 48 (12.9%) of patients 
under study had blood transfusions. 19 (21.4%) patients had a history of 
previous surgery, and 321 (83.1%) of the operations were done for 
emergency indications. All of the patients under study had received 
prophylactic antibiotics, 184 (49.3%) and 179 (48%) of them received 
both ceftriaxone and metronidazole (Table 2). 

The majority of pre-operative diagnoses were peritonitis 176 
(47.18%). Fig. 1. 

3.3. Intraoperative charactersitcs of study participants 

Among the total of 373 patients who underwent surgery, 297 
(79.6%) of them are done under general anesthesia while 76 (20.4%) of 
the procedures are done under spinal anesthesia, from the total of the 
procedures 210 (56.3%) of them are done on dirty wounds, about 361 
(96.8%) surgeries have taken more than 1 hour, and in all cases, the 
WHOs instrument count checklist has filled (Table 3). The most 
commonly done procedure was viscous perforation repair 115 (30.83%). 
Fig. 2. 

3.4. Post-operative charactersitcs of study participants 

In this study, 72 (19.3%) of the patients had developed SSI (Fig. 3), 
from which 44 (62.9%) had superficial SSIs, 22 (31.4%) had deep, the 
rest 4 (5.7%) of them had organ space or post-operative collections and 
drain was used in 236 (63.3%) cases and most cases 116 (49.2%) kept 
for 3–6 days while it was removed within three days in 94 (39.8%). 
wound care is given for all cases with SSI, in most cases 32 (43.2%) 
wound care was given daily, From total patients about 315 (84.5%) 
stayed for 7 days in the hospital, while only 8 (2.1%) of the patients 
stayed for more than 14 days (Table 4). 

3.5. Determinants of surgical site infections 

Bivariate logistic regression shows, variables associated with the 
occurrence of SSIs at p < 0.25, are hemoglobin level, shock(systolic 
blood pressure record of <90), blood transfusion, previous surgery, class 
of wound, and duration of hospital stay more than 7 days were 

associated with the occurrence of SSIs. 
As a result of multivariable logistic regression analysis, showed he-

moglobin level, Systolic blood pressure record of <90, blood trans-
fusion, previous surgery, and duration of hospital stay were significantly 
associated with the occurrence of SSIs. Patients with blood transfusion 
were 84% less likely to develop SSIs compared with patients who didn’t 
transfused (AOR = 0.16 (0.04–0.73), and Hemoglobin levels below 7 g/ 
dl were 10.4 times more likely to develop SSI (AOR = 10.40 
(3.39–32.49), and Patients with pre-operative shock were 19.1 times 
more likely to develop SSIs compared to patients with no record of shock 
(AOR = 19.09 (4.69–77.51). patients who had previous surgery were 
11.5 times more likely to develop SSIs compared to patients who had no 
history of surgery (AOR = 11.53 (3.73–35.61) and patients who stayed 
in the hospital for 7–14 days in total were 5.5 times more likely to 
develop SSIs compared to patients who stayed less than 7 days (AOR =
5.51 (1.52–19.91) and those stayed for more than 14 days were 8.2 
times more likely to develop SSI (AOR = 8.18 (1.84–36.75) (Table 5). 

4. Discussion 

Surgical site infections are the most common form of hospital- 
acquired infections after surgical procedures, affecting approximately 
1.2–23.6 per 100 surgical procedures worldwide. Although various 
prevention strategies are used, SSIs continue to affect large numbers of 
patients and families, which is reflected in patient morbidity mortality 
and rising treatment cost. Patients with SSIs who are frequently exposed 
to various antibiotics over an extended period develop resistance to the 
most commonly used broad-spectrum antibiotics. 

The result of this study showed that out of a 373 patients who un-
derwent surgical intervention, 19.3% (72) of the patients developed SSI. 
The result of this study is comparable to the studies from the Central 
African Republic and Hawassa, which showed a prevalence of 18% and 
19.1%, respectively [13,14]. However, the results of this study were 
higher than similar studies conducted in Cameroon (9.16%), South Af-
rica (12%), and Wolayita Sodo university referral hospital (13%). This 
could be due to the fact that these studies were performed only in 
elective procedures, whereas in our study we included both elective and 
emergencies procedures [15–17]. 

In our study, previous surgery, shock (systolic blood pressure<90), 
blood transfusion, low hemoglobin level, and longer duration of hospital 
stay were factors associated with SSIs. 

Patients who had already undergone surgery were 11.5 times more 
likely to develop SSIs than patients who had not undergone surgery 
(AOR = 11.53 (3.73–35.61), which may be due to the longer duration of 
surgery and associated blood loss. Patients with hemoglobin levels 
below 7 g/dl were 10.4 times more likely to develop SSI than those 
patients with hemoglobin levels above 7 g/dl (AOR = 10.40 
(3.39–32.49). The result is consistent with the study conducted at the 
Basel University Hospital in Switzerland to determine the association of 
perioperative blood transfusions and preoperative anemia with the 
occurrence of SSI [18]. This suggests that preoperative optimization of 
hemoglobin levels and shortening the duration of surgery significantly 
reduces the risk of SSI. 

Patients who stayed in the hospital for a total of 7–14 days were 5.5 
times more likely to develop SSI than those who stayed less than 7 days 
(AOR = 5.51 (1.52–19.91), whereas patients who stayed in the hospital 
for more than 14 days were 8.2 times more likely to develop SSI than 
those who stayed for <7 days (AOR = 8.18 (1.84–36.75), which is 
consistent with a study from another area [8]. This suggests that a longer 
hospital stay increases the risk of surgical site infection. Patients with 
preoperative shock were 19.1 times more likely to develop SSI than 
those without shock (any evidence of systolic blood pressure <90mmg) 
(AOR = 19.09(4.69–77.51) and patients who received a blood trans-
fusion were 84% less likely to develop SSI (AOR = 0.16 (0.04–0.73). The 
results are consistent with a study from Switzerland on the physiologic 
states that determine the risk of SSI and suggest that early treatment or 

Table 2 
Pre-operative characterstics of patients admitted to surgical wards of Dilla 
University Referral Hospital, 2021.  

Variable Category Frequency Percent 

Hemoglobin <7 79 21.2% 
7–10 100 28.7% 
>10 187 50.1% 

Shock Yes 79 21.2% 
No 294 78.8% 

Blood transfusion Yes 48 12.9% 
No 325 87.1% 

Time of transfusion(n =
48) 

Pre-Operative 14 29.2% 
Intraoperatively 15 31.3% 
Post Operatively 19 39.5% 

Prophylactic antibiotics 
given 

Yes 373 100% 
No 0 0% 

Type of antibiotics given Ceftriaxone 184 49.3% 
Ceftriaxone and 
Metronidazole 

179 48.0% 

Others 10 2.7% 
History of previous surgery Yes 90 24.1% 

No 283 75.9% 
Nature of operation Elective 52 13.9% 

Emergency 321 86.1%  
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prevention of shock can significantly reduce SSI(18). 
In contrast to other studies, our study showed a significant associa-

tion between SSI and use of a drain, prolonged duration of surgery, 
inadequate prophylactic antibiotic therapy, poor wound care, and 
smoking, [19,20]. 

Extreme age, obesity, uncontrolled diabetes, retroviral infections 
(HIV) and malignancies, preoperative anemia, surgery under emergency 
conditions, especially in patients with shock, were noted as some of the 
common conditions leading to SSI in the study conducted in Tanzania 
[5]. Our result showed that low hemoglobin levels or anemia and shock 
had a significant association with SSI, while age, comorbidity, and type 
of surgery had no significant association with SSIs. 

Limitation: since it is secondary data due to fearing of some missed 
information we excluded were forced to excluded some data’s. 

Fig. 1. preoperative diagnosis of patients admitted at the surgical ward of Dilla University Referral Hospital, 2021.  

Table 3 
Intraoperative factors at the surgical ward of Dilla university Referral Hospital, 
2021.  

Variable Category Frequency Percent 

Type of anesthesia used General 297 79.6% 
Spinal 76 20.4% 

Class of the wound Clean 19 5.1% 
Clean Contaminated 53 14.2% 
Contaminated 91 24.4% 
Dirty 210 56.3%  

Fig. 2. Type of procedures done at Dilla University Referral Hospital, 2021.  

Fig. 3. prevalence of Surgical site infection in surgical ward of Dilla University 
Referral Hospital 2021. 

Table 4 
Postoperative characterstics of patients admitted to surgical wards of Dilla 
University Referral Hospital, 2021.  

Variable Category Frequency Percent 

Type of SSI Superficial 46 63.9% 
Deep 22 30.6% 
Organ space 4 5.5% 

Wound care given Yes 72 19.3% 
No 301 80.7% 

Frequency of wound care(n=72) Every other day 24 33.4% 
Daily 33 43.8% 
Twice a day 15 20.8% 

Drain used Yes 236 63.3% 
No 137 36.7% 

Duration of drain used(n=236) <3 94 39.8% 
3-6 116 49.2% 
>6 26 11.0% 

Total Duration of hospital stay <8 287 76.9% 
8-14 56 15.0% 
>14 30 8.1% 

Determinants of surgical site infections 
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5. Conclusion 

The magnitude of SSIs is 19.3%, which is high compared with most of 
the similar studies, although all infection prevention strategies are 
applied according to national infection prevention and control guide-
lines. Previous surgery, shock, low hemoglobin, blood transfusion, and 
prolonged hospital stay were associated with a high risk of SSI. Attention 
should be given to early and appropriate management of shock, opti-
mization of hemoglobin levels before surgery, and also to the manage-
ment of patients who have had previous surgery. 
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