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Background: Surgical site infections are global healthcare problems. Although surgical site 
infections are preventable, they still cause significant morbidity, high death rates, and 
financial stress on national budgets and individual patients. Inappropriate uses of surgical 
antimicrobial prophylaxis are increasing and worsening patients’ quality of life. This study 
determined the incidence and risk factors of surgical site infections.
Methods: Institution-based retrospective cross-sectional study was conducted using 
a structured data abstraction format on patients who were attending at the surgical ward of 
Borumeda hospital from April 1, 2017, to March 31, 2019. The data were collected during 
July 15–30, 2019. A systematic random sampling technique was employed to select 227 
surgical cases. Multivariate logistic regression was computed using the statistical package for 
social sciences version 23.
Results: The incidence of surgical site infections was 46.7%. Prophylaxis was administered to 
188 (82.8%) surgical cases. Prophylaxis was recommended for 151 (66.5%). Out of these, only 
143 (94.7%) received prophylaxis. One hundred seventy-four (78.4%) of the procedures had 
appropriate indication. The compliance of surgical antimicrobial prophylaxis use was 13.7%. 
The predictors of surgical site infections were receiving prophylaxis more than 24 h after 
surgery (AOR=3.53, 95% CI: 1.22–10.17), clean-contaminated wounds (AOR=4.54, 95% CI: 
1.33–15.53), surgical procedure of thyroidectomy (AOR=5.2, 95% CI: 0.9–21.4), appendect-
omy (AOR = 29, 95% CI: 6.2–141.7), cholecystectomy (AOR = 21, 95% CI: 3.5 −126.7), 
hernia (AOR= 8.8, 95% CI: 1.2–62.2), skin and deep tissue (AOR = 125, 95% CI: 7.8–196.7), 
and orthopedic (AOR=57, 95% CI: 1.6–209.5).
Conclusion: There was high inconsistency between surgical antimicrobial prophylaxis 
practice and international surgical site infections prevention guideline. Wrong selection of 
antimicrobial agents was the most noncompliant to the guidelines. The incidence of surgical 
antimicrobial prophylaxis was high and requires due attention. The duration of postoperative 
prophylaxis should be kept to less than 24 h.
Keywords: surgical site infection, antimicrobial prophylaxis, Borumeda hospital

Introduction
Surgical antimicrobial prophylaxis (SAP) is the use of antibiotics before, during, or 
after a surgical procedure to prevent infectious complications.1 It is the use of 
antibiotics for prevention and does not include preoperative decolonization or 
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treatment of established infections. Surgical site infections 
are infections related to an operative procedure that occurs 
at or near the surgical incision within 30 days of the 
procedure or within 90 days if prosthetic material is 
implanted.2

Surgical site infections are a global healthcare problem 
increasing patient morbidity, mortality, and healthcare 
cost.3,4 They are the most frequent type of healthcare- 
associated infections in low- and middle-income countries, 
affecting up to one-third of operated patients, and 
the second most frequent type of healthcare-associated 
infections in high-income countries.4,5 Although SSIs are 
preventable healthcare-associated infections, they remain 
a substantial cause of morbidity, prolonged hospitalization, 
high death rates, and financial stress on national budgets and 
individual patients and have significant impact on patients’ 
quality of life.2,6

The most important risk factors for SSIs were the 
general health of the patients (obesity, malnutrition, diag-
nosis of diabetes, multiple preoperative comorbid condi-
tions), the level of bacterial contamination associated with 
the specific operative procedure, massive transfusion, 
recent surgery, corticosteroid use, extremes of age, gender, 
American Society of Anesthesiologists score (3, 4, or 5), 
type of surgical technique, and wound classification.7–11

Surgical antimicrobial prophylaxis is effective in pre-
venting SSIs for all types of surgery12 and indicated for all 
clean–contaminated, contaminated, and dirty wounds.13 

Since the risk of SSI in clean wounds which do not 
involve insertion of implants is low, the use of SAP is 
controversial.14,15 Critical aspects of SAP administration 
are: giving the appropriate antimicrobial agent in adequate 
dose, proper preoperative prophylaxis timing, and main-
taining drug level throughout the operation.16

Different guidelines for the prevention of SSI have been 
developed by the American Society of Health-System 
Pharmacist (ASHP), World Health Organization,17 Centers 
for disease control (CDC) and Healthcare Infection Control 
Practices Advisory Committee, and the National Institute for 
Clinical Excellence.18–22 Despite the availability of these 
guidelines, different studies have demonstrated inappropriate 
timing, selection, and excess duration of administration of 
antimicrobial prophylaxis.23

Approximately 30–50% of the antimicrobials in hospi-
tals were used for surgical prophylaxis. However, between 
30–90% of this prophylaxis was inappropriate.24 Such 
inappropriate use of antimicrobial agents strongly calls 
for the evaluation of SAP. Periodic surveillance and 

feedback to surgeons on the rate of SSIs and their risk 
factors can reduce up to 50% of SSIs.17,25 The objectives 
of this study were to evaluate antimicrobial prophylaxis, to 
determine the incidence of SSI, and to identify associated 
risk factors at the surgical ward of BMH. Thus, this study 
provides vital baseline information on incidence rate and 
risk factors associated with SSI in the surgical ward 
of BMH.

Methods
Study Setting
The study was conducted at BMH, North East Ethiopia. It 
is located 411 kilometers North of Addis Ababa. The 
hospital serves 2–4 million residents. It has different 
departments; medical ward, outpatient, pediatric, gynecol-
ogy, surgical ward, ophthalmic, dermatology, psychiatry, 
and multidrug resistance Tuberculosis isolated room.

Study Design and Period
Institution-based retrospective cross-sectional study was 
conducted from July 15 to 30, 2019.

Study Population
Patients who underwent surgical procedures at the surgical 
ward of BMH from April 1, 2017, to March 31, 2019, and 
which fulfilled the inclusion criteria were the study 
population.

Inclusion and Exclusion Criteria
Patients with clean, clean contaminated, and contaminated 
types of wounds were included in this study.

Patients with dirty/infected wounds and patients with 
previous existing infection and antimicrobial treatment 
were excluded. This was to differentiate between prophy-
lactic and treatment courses.

Patients whose records contained incomplete informa-
tion and illegible handwriting were also excluded.

Sample Size Determination
Sample size was determined using a single population 
proportion formula.26 In a study conducted in a tertiary 
care teaching hospital in Addis Ababa, the proportion of 
SAP utilization was found to be 41%.27 Using tolerable 
sampling error at 5% and 95% confidence level, the 
required sample size was determined as follows:
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n ¼
ðZα=2Þ2 � p � ð1 � pÞ

ðDÞ2 

Where n = the required sample size, Z = Confidence level 
at 95% (standard value =1.960), P = proportion of SAP 
utilization = 41%, and D = Margin of error at 5% (0.05).

n ¼
ð1:96Þ2 � 0:41ð1 � 0:41Þ

ð0:05Þ2
¼ 372 

Since the sample was withdrawn from a finite population 
(the source population was less than 10,000), the sample 
size was adjusted using Cochran’s formula for calculating 
sample size when population size is finite.28

nf ¼
n

1þ ðn=NÞ2 

where nf = final sample size and N = total number of 
patient charts during the 2 years.

nf ¼
372

1þ ð372=582Þ
¼ 227 

Sampling Techniques
Systematic random sampling technique was used to select 
patient charts. Five hundred eighty-two patient charts from 
April 1, 2017, to 31 March, 2019, were retrieved from the 
hospital’s data clerks’ office. The 582 patient charts were 
arranged chronologically and were used as the sampling 
frame. The sampling interval was determined by dividing 
the number of patient charts by the required sample size 
(582/227 = 3). The first patient chart was selected by 
simple random sampling technique. Then, every third 
patient chart was selected until the required sample size 
was reached. If a patient chart did not contain complete 
information nor has illegible handwriting, the immediate 
next patient chart was selected.

Study Variables
Dependent Variable
Incidence of SSI.

Independent Variables
Age and gender of patients, type of surgery, comorbidity, 
wound classification, preoperative prophylaxis, postopera-
tive prophylaxis, duration of postoperative prophylaxis.

Definitions
SSIs are infections related to an operative procedure that 
occurs at or near the surgical incision within 30 days of the 

procedure or within 90 days if prosthetic material is 
implanted. They include organ/space and deep, and super-
ficial infections.2

Appropriate antimicrobial prophylaxis indication: indica-
tion of a prophylactic antimicrobial agent that is consistent 
with AHSP SSI prevention guideline recommendations.19,20

Appropriate prophylactic antimicrobial regimens: fol-
lowing AHSP SSI prevention guideline recommendations 
in the components: right dose, right route, right time of 
administration of preoperative prophylaxis, right time of 
administration of intraoperative (re-dose) prophylaxis, 
right duration of postoperative prophylaxis.19,20

Clean wound: elective, not emergency, nontraumatic, 
and primarily closed; no acute inflammation; no break in 
technique; respiratory, gastrointestinal, biliary, and geni-
tourinary tracts not entered.

Clean contaminated wound: urgent or emergency case 
that is otherwise clean; elective opening of respiratory, 
gastrointestinal, biliary, or genitourinary tract with mini-
mal spillage (eg, appendectomy) not encountering infected 
urine or bile; minor technique break.

Contaminated wound: non-purulent inflammation; 
gross spillage from gastrointestinal tract; entry into biliary 
or genitourinary tract in the presence of infected bile or 
urine; major break in technique; penetrating trauma < 4 
hours old; chronic open wounds to be grafted or covered.29

Surgical Antimicrobial Prophylaxis Use 
Evaluation Protocol
The compliance of SAP practice guideline recommenda-
tions was evaluated by comparing the following para-
meters against ASHP recommendations:20 indication, 
choice of antimicrobial agent, dose, route of administra-
tion, time of administration of the first preoperative dose, 
and duration of postoperative prophylaxis. Based on the 
recommendations of ASHP, the following criteria were set 
for evaluation of SAP usage:

1. Indication was categorized as
● Appropriate – if prophylaxis was indicated and 

administered or if prophylaxis was not indicated 
and not administered.

● Inappropriate – if prophylaxis was indicated but 
not administered or if prophylaxis was not indi-
cated but administered.

2. The choice of antimicrobial agent was categorized 
as follows based on the spectrum of coverage and 
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bacteria most likely to be encountered at the specific 
surgical site:
● Adequate – covered anticipated bacteria.
● Narrow – did not cover the range of bacteria 

anticipated, and
● Broad or unnecessary combination – covered 

bacteria more than anticipated at the surgical site.
3. Time of administration of the first preoperative 

dose:
● Appropriate – if given within 30–60 min before 

incision.
● Too early – if given more than 1 h before incision 

was made.
● Late – if given between 0 and 29 min before 

incision.
4. Route:

● Appropriate – if given IV.
● Inappropriate – if given with other than IV route.

5. Duration of postoperative prophylaxis:
● Appropriate – if given within 24 h after the end 

of surgery.
● Inappropriate – if extended for more than 24 

h after surgery.

For surgical cases in which the indication of prophylaxis 
was not appropriate, the other parameters were not evalu-
ated. If there were surgical cases in which more than one 
antimicrobial agent was administered for a single operation, 
each agent was evaluated separately. In such cases, if the 
use of one of the agents was found to deviate from the 
guideline recommendations, the whole prophylactic course 
was considered as inappropriate as this can lead to antimi-
crobial resistance. Overall compliance to guideline recom-
mendations was determined using the cases in which 
prophylaxis was indicated and administered with appropri-
ate choice of antimicrobial agent, dose, route of adminis-
tration, time of administration of the first preoperative dose 
and duration of postoperative prophylaxis and the cases in 
which prophylaxis was not indicated and not administered.

Finally, SAP was considered compliant if it satisfied 
the above-mentioned criteria for all drugs prescribed. If 
data for a given parameter were lacking, this was classified 
as missing data.

Data Collection and Management
The data were collected by two trained nurses who had no 
working relation to the hospital after recruiting and training 

with the supervision of the principal investigators using a data 
abstraction format which was developed after reviewing rele-
vant literatures such as SSI prevention guidelines of AHSP, 
WHO, CDC and Healthcare Infection Control Practices 
Advisory Committee and different studies.19–21 The data col-
lection instrument consisted of four sections: section one con-
tained patient characteristics that might account for differences 
in occurrence of SSI. Section two contained disease informa-
tion including type of surgery, type of procedure, and wound 
classification. Section three was targeted on SSI including: 
occurrence and time of onset. Section four focused on anti-
microbial prophylaxis utilization review including: indication, 
name of antimicrobials prescribed as prophylactic agent, time 
of administration, dose, route of administration, and duration 
of postoperative prophylaxis.

To assure the quality of data, the data collection instru-
ment was properly designed and pretested on 20 patient 
charts in Dessie Referral Hospital. All completed formats 
were examined for completeness and consistency during 
data management, storage, and analysis.

Data Entry and Processing
The completed formats were coded individually and entered 
in a computer using Epi-info version 3.5.1 and then 
exported to SPSS version 23.0 for analysis. Univariate 
analyses were used to describe the categorical variables 
(frequency and percentage distributions of different char-
acteristics). Means and standard deviations were used to 
describe continuous variables. Multivariate logistic regres-
sion was performed to assess the presence and degree of 
association between the occurrence of SSI and the potential 
risk factors. To identify candidate variables for multiple 
logistic regression, bivariate logistic regression was per-
formed. Those variables with a p-value of less than 0.2 
were fitted to multivariate logistic regression. Model fitness 
was tested using the Hosmer and Lemeshow’s test and it 
was insignificant. Variables with a p-value of below 0.05 in 
the multivariate logistic model were considered statistically 
significant factors. Adjusted odds ratios with the respective 
95% confidence intervals were reported and interpreted.

Results
Demographic and Surgical Characteristics 
of Patients
A total of 227 surgical case records of patients that met the 
inclusion criteria were included in this study. The majority 
146 (64.3%) of the patients were males. The mean age of 
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the study population was 40.58 ± 19.6 years (mean±SD). 
The minimum and maximum age ranges were 2 months 
and 84 years. Nearly half 109 (48%) of the patients were 
in the age category of greater than 40 years. The majority 
217 (95.6%) of the patients did not have any comorbid 
condition. Elective surgical procedures were done to 162 
(71.4%) of the patients. Clean-contaminated procedures 
were done to 109 (48%) of the patients, while contami-
nated procedures were done only to 36 (15.9%) patients 
(Table 1).

Indication and Administration of 
Antimicrobial Prophylaxis
Surgical antimicrobial prophylaxis was recommended for 
151 (66.5%) patients. Out of these, only 143 (94.7%) 

patients received prophylaxis. Out of those patients who 
did not need prophylaxis, 45 (59.2%) had unnecessarily 
received antimicrobial prophylaxis. Among the patients 
who had no indication for prophylaxis, 31 (40.8) 
patients did not receive prophylaxis (Table 2). Out of 82 
patients who had a clean wound, 51 (62.2%) patients 
received prophylaxis, and out of 109 patients who had 
clean-contaminated wound, 105 (96.3%) patients received 
prophylaxis, while all the patients who had contaminated 
wound received antimicrobial prophylaxis.

Selection of Antimicrobials Used as 
Prophylactic Agent
Surgical antimicrobial prophylaxis was administered to 
188 (82.8%) of the patients. Ceftriaxone was the most 
frequently prescribed antimicrobial in both preoperative 
79 (68.7%) and postoperative 104 (67.5%) prophylaxes. 
Cephalexin with metronidazole was the least frequently 
used regimen (Table 3).

Evaluation of Antimicrobial Prophylaxis 
Use Against Guideline Recommendations
Out of the patients for whom SAP was recommended, only 
143 (94.7%) received prophylaxis and out of those who 
had no indication, 31 (40.8) did not receive prophylaxis. 
Therefore, overall SAP indication was appropriate for 174 
(78.4%) patients. Out of the patients for whom SAP was 
indicated and administered, 110 (76.9%) received accurate 
doses. Out of the patients for whom prophylaxis was 
indicated and administered, nearly all (95.8%) of the 
patients were given broad-spectrum antibiotics or unneces-
sary combinations, while 6(4.2%) of them received anti-
microbial agents which are not adequate to cover the 

Table 1 Demographic and Surgical Data of Patients Who 
Underwent Surgical Procedures at BMH from April 2017 to 
March 2019 (N = 227)

Variables Frequency Percentage

Gender Male 146 64.3
Female 81 35.7

Age group ≤ 12 44 19.4
13–30 43 18.9
31–40 31 13.7

> 40 109 48

Type of surgery Elective 162 71.4
Emergency 65 28.6

Type of 

procedure

Thyroidectomy 32 14.1
Appendectomy 48 21.1
Cholecystectomy 16 7.0

Hernia 22 9.7

BPH 25 11.0
Orthopedic 11 4.8

Skin and deep 

tissue

23 10.1

Miscellaneous 50 22.0

Wound 
classification

Clean 82 36.1
Clean- 

contaminated

109 48

Contaminated 36 15.9

Comorbid 

condition

Yes 10 4.4
No 217 95.6

Type of 
comorbidity

Hypertension 3 30
Diabetes mellitus 3 30

Malnutrition 1 10

Other* 3 30

Note: *Use of corticosteroids, HIV, tuberculosis, psychosis.

Table 2 Indication of SAP at BMH from April 2017 to 
March 2019

Variables Frequency Percentage

Antimicrobial prophylaxis indicated 

and administered (n = 151)

143 94.7

Antimicrobial prophylaxis not 

indicated and not administered (n = 
76)

31 40.8

Antimicrobial prophylaxis indicated, 
but not administered (n = 151)

8 5.3

Antimicrobial prophylaxis not 
indicated, but administered (n = 76)

45 59.2
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bacteria most likely to be encountered at the specific 
surgical site. None of the select antibiotics were appropri-
ate for the surgical procedures. The time of administration 
of the first preoperative dose was missing for all cases. Of 
the patients who received postoperative prophylaxis, 76 
(66.7%) received their prophylaxis within 24 h after sur-
gery. Selection of antimicrobial agents was the most com-
mon deviant from guideline recommendations (100%) 
followed by duration of postoperative prophylaxis 
(33.3%) (Table 4).

Compliance of Surgical Antimicrobial 
Prophylaxis with Guideline 
Recommendations
Of the 143 (63%) patients who had indications for pro-
phylaxis and received prophylaxis, compliance to all the 
stated criteria was 0%. On the other hand, 31 (13.7%) 
patients had no indication and did not receive prophylaxis. 
Therefore, the overall compliance to ASHP guideline 
recommendations was 13.7% (Figure 1).

Incidence of Surgical Site Infection
Out of the 227 patients included in this study, 106 (46.7%) 
developed SSI. The majority, 100 (94.33%) of the SSIs 
occurred within 30 days after the surgical procedure was 
done.

Factors Associated with Increased Risk of 
Surgical Site Infection
Multivariate logistic regression of potential determinants of 
increased risk of SSI revealed that gender, age, comorbidity, 
and type of surgery did not show statistically significant 
(P > 0.05) association with risk of SSI. On the other hand, 
type of procedure, wound classification, and duration of 
postoperative prophylaxis were significantly (P < 0.05) asso-
ciated with occurrence of SSI.

Patients who underwent thyroidectomy procedure were 
5.2 times more likely to develop SSI than those who under-
went BPH procedure (AOR = 5.2, 95% CI: 0.9–21.4, p = 
0.00) and Patients who underwent appendectomy procedure 
were 29 times more likely to develop SSI than those who 
underwent BPH procedure (AOR = 29, 95% CI: 6.2–141.7, 
p = 0.00). Those patients who had clean-contaminated 
wounds were 4.5 times more likely to develop SSI than 
those who had contaminated wounds (AOR = 4.54, 95% CI: 
1.33 −15.53). Patients who received postoperative prophy-
laxis for greater than 24 h after surgery had 3.5 times higher 
risk of developing SSI than those who received postopera-
tive prophylaxis with less than 24-h period after surgery 
(AOR = 3.5, 95% CI: 1.22–10.17, p = 0.02) (Table 5).

Discussion
This study was intended to evaluate antimicrobial prophy-
laxis, to determine the incidence of SSI, and to identify 
associated risk factors at the surgical ward of BMH. The 
majority 188 (82.8%) of the patients received antimicrobial 
prophylaxis. This was higher than studies done in Ayder 
referral hospital, North Ethiopia (62.2%),30 Tanzania 

Table 3 Antimicrobials Prescribed as Preoperative (n = 114) and 
Postoperative (n = 154) Prophylactic Agents at BMH from 
April 2017 to March 2019

Antimicrobial Agent Preoperative n 
(%)

Postoperative n 
(%)

Ceftriaxone 79(68.69) 104(67.5)

Ceftriaxone + 

Metronidazole

18(15.7) 41(26.6)

Ciprofloxacin 8(7.0) __

Cephalexin + 

Metronidazole

4(3.4) 4(2.5)

Cloxacillin 5(4.3) 5(3.2)

Table 4 Evaluation of SAP Use Among Patients Who Underwent 
Surgical Procedures at BMH from April 2017 to March 2019

Variables Frequency Percentage

Indication

Appropriate 178 78.4

Inappropriate 49 21.6

Choice (n = 143)

Adequate 0 0
Narrow 6 4.2

Broad/unnecessary combination 137 95.8

Dose (n = 143)

Accurate 110 76.9

Sub-dose 5 3.5
Over-dose 28 19.6

Route (n = 143)
Appropriate 143 100

Inappropriate 0 0

Duration of postoperative prophylaxis 

(n = 114)
< 24 hours 76 66.7

≥ 24 hours 38 33.3
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(26.0%),31 and Iran (75%),32 but lower than a study done in 
Sudan (99.4%).33 Comparable findings were documented in 
studies conducted in St. Paul hospital, millennium medical 
college, Addis Ababa, Ethiopia (82.6%),34 and Italy 
(81.4%).35

Different guidelines recommend prophylaxis for all 
clean-contaminated, contaminated, and dirty procedures.13 

Since the risk of SSI in most clean operations is low, SAP is 

not recommended in such procedures.14,15 However, in 
clean procedures such as breast cancer operations, SAP is 
recommended.36 In the present study, more than half 
(62.2%) of the patients who had clean wound received 
prophylaxis, while nearly all (96.3%) of the patients who 
had clean-contaminated wound and all the patients who had 
contaminated wound received antimicrobial prophylaxis. 
Therefore, nonselective use of antimicrobial prophylaxis 

Figure 1 Compliance of SAP use among patients who underwent surgical procedures at BMH from April 2017 to March 2019 with AHSP SSI prevention guideline.

Table 5 Association of Selected Variables with SSI Among Patients Who Underwent Surgery at Surgical Wards of BMH from 
April 2017 to March 2019

Variables SSI Occurred AOR (95% CI) P

Yes n(%) No n(%)

Type of procedure

Thyroidectomy 7(21.9) 25(78.1) 5.2(0.9–21.4) 0.00
Appendectomy 38(79.2) 10(20.8) 29(6.2–141.7) 0.00

Cholecystectomy 11(68.8) 5(31.2) 21(3.5 −126.7) 0.00

Hernia 5(22.7) 17(77.3) 8.8(1.2–62.2) 0.03
Skin and deep tissue 20(87.0) 3(13.0) 125(7.8–196.7) 0.00

Orthopedic 7(63.6) 4(36.4) 57(1.6–209.5) 0.03

Miscellaneous 14(28.0) 36(72.0) 3(0.6–15.1) 0.18
BPH 4(16.0) 21(84.0) 1.00

Wound class
Clean 25(30.5) 57(69.5) 2.5(0.51–12.83) 0.25

Clean-contaminated 63(57.8) 46(42.2) 4.5(1.33–15.53) 0.01

Contaminated 18(50.0) 18(50.0) 1.00

Duration of postoperative prophylaxis
≥24 hour 38(84.4) 7(15.6) 3.5(1.22–10.17) 0.02

< 24 hours 68(62.4) 41(37.6) 1.00

Notes: CI – confidence interval, 1.00 – reference group.
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was observed in more than half of the patients who had 
clean wounds.

Surgical antimicrobial prophylaxis indication was 
appropriate for 174 (76.7%) patients. Comparable finding 
was documented in studies conducted in Nicaragua 
(77%),37 Mekelle, Ethiopia (80.6%),30 and a lower finding 
was documented in a study conducted in Italy (19.1%).35

Cefazolin is the first choice of antimicrobial agent for 
surgical prophylaxis according to both the ASHP and local 
treatment guidelines.20,38 In contrast to this, in the present 
study, out of the patients for whom prophylaxis was indi-
cated and administered, nearly all (95.8%) patients 
received ceftriaxone, third-generation broad-spectrum 
cephalosporin, as single or combination regimens. Third- 
generation cephalosporins are not recommended for surgi-
cal prophylaxis for different reasons: they are active 
against bacteria rarely encountered in elective surgery, 
their wide-spread use is associated with the emergence of 
bacterial resistance, they are less active against staphylo-
cocci which are the most common organisms responsible 
for SSIs, and they are generally expensive.39 Therefore, 
broad-spectrum antimicrobials should be used to treat 
postoperative infections but not for antimicrobial 
prophylaxis.40 Third-generation broad-spectrum antimi-
crobials also suppress the normal flora of patients and 
make it easier for susceptible patients to be infected by 
drug-resistant organisms in the hospital,41 and this might 
increase the incidence of SSI in hospitals.

The high utilization rate of third-generation broad- 
spectrum cephalosporin in the present study might be due 
to unavailability of first and second-generation cephalospor-
ins, affordability and availability of ceftriaxone, belief of 
broad/multiple antibiotics are more effective in preventing 
SSIs, low adherence of healthcare professionals to hospital 
protocols. Similar higher utilization rates of ceftriaxone for 
surgical prophylaxis were documented by other studies con-
ducted in different parts of Ethiopia.30,42,43

Of the patients for whom prophylaxis was indicated 
and administered, 6 (4%) received antimicrobial agents 
which are not adequate to cover the bacteria most likely 
to be encountered at the specific surgical site, and hence 
none of the select antibiotics were appropriate for the 
surgical procedures. Cefazolin, which is the first choice 
of antimicrobial agent for surgical prophylaxis according 
to both the ASHP and local treatment guidelines, was 
administered to none of the patients in the present study. 
Similar finding was documented by Halawi et al.43

Preoperative antimicrobial prophylaxis should be 
started within 30–60 min prior to the start of the operation 
for an adequate intra-tissue concentration of the antimicro-
bial at the surgical site.20,44 However, in the present study 
preoperative prophylaxis administration time was not 
recorded in all patients who received preoperative antimi-
crobial prophylaxis. This might be due to work overload, 
absence of time recording sheet, lack of awareness on 
recording antimicrobial administration time, or lack of 
awareness by staff about the optimal timing of dosing 
and its role in infection prevention.

There was no re-doe of prophylaxis in all the surgical 
procedures. This might be due to the fact that ceftriaxone 
was the most frequently used antibiotic and it usually does 
not require re-dosing as it has a long half-life.20 In addition 
to ASHP guideline, many other guidelines recommend 
discontinuing SAP within 24 h after surgery.15,45,46 

However, in the present study, of the patients who were 
indicated and administered postoperative prophylaxis, one- 
third (33.3%) continued for over 24 h after surgery. This 
was lower than a study done in acute-care US hospitals 
and in a tertiary care center in Oman which documented 
extended postoperative prophylaxis for 59.3% and 69% of 
patients, respectively.47,48 This difference might be due to 
differences in study time. Since the later were conducted 
so earlier than the previous, surgeons might have better 
awareness about the impact of prolonged postoperative 
prophylaxis.

Out of the 143 patients for whom SAP was indicated 
and administered, 110 (76.9%) patients received accurate 
doses. This was lower than studies conducted in Mekelle, 
North Ethiopia (89.6%),30 but higher than studies con-
ducted in Khartoum teaching hospital (65.5%)33 and 
Sudanese teaching hospital (29%).49 Of the dose devia-
tions, overdosage takes the lion share and the majority of 
the patients who were overdosed were children under 12 
years old. For most of the children, SAP doses were not 
based on their body weight.

The overall compliance of SAP use to ASHP SSI 
prevention guideline was 13.7%. This finding was lower 
than studies done in Mekelle university teaching hospital 
(25%),30 Germany (70.7%),50 United States (24.6%),51 

and Netherland (28%),52 but higher than studies conducted 
in Khartoum teaching hospital (6.7%),33 Sudanese teach-
ing hospital (2.7%),49 and Iran (0.6%).53 The highest rate 
of noncompliance in the present study was observed in the 
selection of antimicrobial agent, 100% deviation from 
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AHSP guideline recommendations, followed by extended 
duration of postoperative prophylaxis (33.3%) deviation.

The overall incidence of SSI in the present study was 
46.7%. This was lower than the finding by Ragvir et al 
(66%)54 but higher compared to the studies conducted in 
Hawassa university referral hospital, South Ethiopia 
(19.1%),55 Wolaita sodo university teaching and referral 
hospital, South Ethiopia (13%),56 Sudan (10.9%),33 and 
Nigeria (20.3%).57 This variation might be due to differ-
ences in the selection of antimicrobial agents, infection 
control practices such as operating room ventilation, the 
equipment used, sterilization methods, availability of anti-
microbial prophylaxis, and differences in study design and 
time. The increased SSI incidence in this study might be 
attributed to the irrational use of antimicrobials for surgi-
cal prophylaxis such as excessive use of broad-spectrum 
antimicrobials and improper timing of prophylactic dose. 
Administration of broad-spectrum antimicrobials sup-
presses the normal flora of patients and makes it easier 
for susceptible patients to be infected by drug-resistant 
organisms in the hospital.41

The present study identified the type of procedure, 
wound classification, and duration of postoperative prophy-
laxis as risk factors for the occurrence of SSI. These were 
also identified by other studies to be independent predictors 
of SSI.11,54,58–60 Patients who received postoperative pro-
phylaxis for greater than 24 h after surgery had 3.5 times 
higher risk of developing SSI than those whose postopera-
tive prophylaxis discontinued within 24 h after surgery. 
This can be attributed to the fact that prolonged use of 
prophylactic antimicrobials is associated with the emer-
gence of resistant bacterial strains and the excess use of 
antimicrobials can contribute to secondary infections, such 
as those caused by Clostridium difficile.61,62

Those patients who had clean-contaminated wounds 
were 4.5 times more likely to develop SSI than those 
who had contaminated wounds. Similar finding was docu-
mented in a study conducted in a tertiary care teaching 
hospital in Addis Ababa, Ethiopia.42 The low incidence of 
SSIs in contaminated wounds than clean-contaminated 
wounds in the present study might be due to close atten-
tion taken to contaminated wounds at the time of the 
procedure since surgeons knew that there is high degree 
of bacterial contamination in this wound class.

Patients who underwent thyroidectomy, appendectomy, 
cholecystectomy, hernia, skin and deep, and orthopedic 
procedures had higher risk of developing SSI than those 
patients who underwent BPH procedures. This might be 

due to greater due attention to thyroidectomy, appendect-
omy, cholecystectomy, hernia, skin and deep, and ortho-
pedic procedures than BPH operations.

Limitations
The study design was retrospective and hence data on mod-
ifiable risk factors such as techniques in the operating room, 
including sterile field, aseptic technique, personal protective 
equipment, and surgical hand hygiene antiseptics used for 
patient preparation, type of anesthesia used, and variables 
related to health professionals were not available from 
patient charts and not assessed in the present study.

Conclusions
There was high inconsistency between SAP practice at 
BMH and guideline recommendations. Wrong selection 
of antimicrobial agents was the most noncompliant to the 
guidelines. The incidence of SSI was high and requires 
due attention. Type of procedure, wound classification, and 
duration of postoperative prophylaxis were found to be 
risk factors for the occurrence of SSI.

Adherence to narrow-spectrum antimicrobials and 
ensuring availability and affordability of the antibiotics 
should be promoted. The duration of postoperative pro-
phylaxis should be kept to less than 24 h. Patients with 
clean wound require close attention like the patients with 
contaminated wound to reduce the incidence of SSI. 
Studies aimed at isolation of common microorganism 
responsible for SSI are recommended.
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