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Background: Although emergency health-care services, particularly clinical and surgical care, are an important part of the provision
of high quality health care in Ethiopia, infections related with surgical care are still the most well-known medical services-related
diseases. This study aimed to assess the bacterial profiles and antimicrobial susceptibility pattern of isolates among patients diagnosed
with surgical site infections at Mizan-Tepi university teaching hospital, southwest Ethiopia.
Methodology: A prospective observational cohort study was conducted from June to September 2021. Patient data were collected
using a structured questionnaire. Follow-up of patients who had undergone a surgical procedure was conducted for at least 30 days.
Wound swabs were collected from patients suspected to have surgical site infections (SSIs) and cultured onto appropriate culture
media. The antimicrobial susceptibility testing was done using the disk diffusion technique. Data were analyzed using SPSS software
version 25.0. Frequencies and cross-tabulation were used to summarize descriptive statistics.
Results: In this study, the postoperative SSIs rate was 12.6%. All patients with SSIs were culture positive, and a total of 41 bacterial
isolates were detected. Of these, 73.2% were Gram-negative, 26.8% were Gram-positive and 24.2% were a mixture of two bacterial
growths. Escherichia coli accounted for 29.3%, followed by Staphylococcus aureus (19.5%), Proteus species (14.6%) and
Pseudomonas aeruginosa (12.2%). With the exceptions of amikacin and meropenem, which exhibited very high sensitivity, ranging
from 33.3–100.0% isolates was resistant against all other tested antibiotics. The resistance rate to three or more classes of antibiotics
was 100.0%.
Conclusion: In this study, the most isolated bacteria causing SSIs were Gram-negative and multidrug-resistant strains. This event
highlights that surveillance of the bacterial profile and antibiotic susceptibility pattern coupled with the implementation of the strict
protocol for antibiotic use and operative room regulations is important to minimize the burden of SSIs.
Keywords: surgical site infections, bacterial profile, antimicrobial resistance, Ethiopia

Introduction
Surgical site infections (SSIs) are the most widely recognized medical services-related infections around the world.
A World Health Organization (WHO) report showed that SSIs are the most detailed and frequent types of health care-
associated infections (HAIs) in low- and middle-income countries and affect up to one third of patients who have
undergone a surgical procedure. The SSIs are the most recognized nosocomial infections, accounting for 15% of all
nosocomial infections. The risk is that most SSIs are caused by bacteria which are resistant to commonly used
antimicrobial agents, and can be multidrug-resistant pathogens.1–3
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In developing countries, the risk of getting SSIs associated with surgical care is high due to various types of risk
factors, including low adherence to safety precautions at the level of the patient, procedure, hospital setting, or surgical
team.2,4 Hence, the risk of getting nosocomial infections in a developing country is 2–20 times higher than in developed
nations.5 For instance, the pooled prevalence of HAI is 15.5%, where surgical site infections are the leading infection
with a pooled incidence of 5.6%, which is significantly higher than the proportions in developed countries (Europe and
the USA).6 In Africa alone, the cumulative incidence of surgical site infection ranged from 2.5–30.9%.7 There have been
a number of deaths and disabilities related to post-operative complications, such as an additional need for treatment of
SSIs, prolonged hospital stays, and even death.8,9

The most common bacteria isolated from SSIs are S. aureus including methillin and vancomycin resistant S. aureus,
Enterobacteriaceae, coagulase-negative Staphylococci (CoNS), Enterococci and Pseudomonas aeruginosa. These micro-
organisms can enter a surgical wound either by direct contact with airborne dispersal10,11 or by contamination.12 The
native flora of the skin and mucous membranes of the patients are the most common source of causative agents of SSIs.12

SSIs may also be caused by organisms present in the hospital environment, including medical equipment.12–14

Substantial research has been conducted to prevent SSIs, and, as a result, recommendations have been published as
guidelines for SSIs. Conducting continuous and high-quality surveillance on SSIs is crucial to determine the extent of the
problem and to assess the impact of any existing prevention/improvement intervention.2,15 In Ethiopia, though some
studies have been conducted on the prevalence of SSIs, which ranged from 11.0–25.5%,16,17 still there has been scarce
updated evidence data on the bacterial causes of SSIs and their antimicrobial susceptibility patterns to give emphasis to
the situation and to design local and national strategies to prevent and control its burden. Moreover, it is useful to collect
data on the risk factors in order to analyze SSI outcomes by subgroup, identify high-risk patients, and control for
differences in the patient-level risk. Thus, this study was conducted to assess the bacterial profile and antimicrobial
susceptibility pattern of isolates among patients diagnosed with SSIs at Mizan-Tepi university teaching hospital, south-
west Ethiopia.

Materials and Methods
Study Area and Period
The study was conducted at Mizan-Tepi university teaching hospital, in the southwest of Ethiopia, from June–September,
2021. Mizan-Tepi university teaching hospital is found in Mizan-Aman town which is located 561 km southwest of
Addis Ababa. Currently, it is the second teaching hospital with more than 139 beds in the southwestern part of the
country, providing services for approximately 8000 inpatients, 57,184 outpatient attendants, 14,508 emergency cases, and
4080 births in a year coming to the hospital from the catchment population of 5 million people.

Study Design and Study Subjects
A prospective observational cohort study design was conducted. All patients who underwent a surgical procedure at
Mizan-Tepi university teaching hospital during the study period were included in this study. Then we followed the key
criteria of the CDC-NHSN and WHO for the definition of a SSI which is the fixed time period of 30 days of follow-up
(where day 1 = the procedure date) for superficial SSI,2,18 which would normally include both inpatient and outpatient
periods. Those patients who developed postoperative wound infections later than 30 days and patients who had infected
burn wounds as well as those with an initial diagnosis suggestive of infection were excluded.

Sampling Size Determination
The required sample size was calculated using the single population proportion formula by assuming a confidence
interval (CI) of 95%, margin error (d) of 5%, and the rate of SSIs (p) of 19.1%,19 which is reported in a previous study in
Ethiopia.

Therefore:

n¼
ðZα=2Þ2p 1 � pð Þ

d2
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Therefore, the value of n will be:

n ¼
1:96ð Þ

2
� 0:191 1 � 0:191ð Þ

ð0:05Þ2
¼ 238

By considering a 10% non-response rate, the final sample size for this study was 262.

Data Collection Tool and Data Collection
Socio-Demographic and Risk Factors Data Collection
Patient data were collected using a structured and pretested questionnaire. The variables and some of the method
descriptions were customized from previous studies and protocols.19,20 Socio-demographic, procedural, and clinical data
were collected by interviewing patients or guardians using structured questionnaires and from patients’ medical recording
charts and patients’ operation notes using a data abstraction tool. Short training and orientations were given to two nurses
and one laboratory technologist who were recruited as data collectors. Surgeons and attending physicians have under-
taken the clinical evaluation of SSIs. All patients who had undergone surgical procedures were followed and the charts
were reviewed before, during, and after the operation until the patients were discharged from the hospital and after
discharge till 30 days since the operations were done. After discharge, the follow-up of the operation wound was made
with mobile telephone calls, and if a SSI was suspected, the patient was asked to return to the hospital for confirmation of
the diagnosis. The CDC-NHSN and WHO criteria for the definition of a SSI2,18 were applied to recruit those patients
suspected of developing SSIs.

Laboratory Data Collections
Swab samples were collected aseptically using sterile cotton swabs from SSIs before the wound was cleaned with an
antiseptic solution. The surrounding areas of the surgical wound were cleaned with 70% ethyl alcohol and excess debris
from the wound base was removed by irrigating with normal saline to avoid contaminating the swab with skin flora.
Then, two swab samples were collected from at least 1 cm2 area of viable wound tissue using a sterile cotton swab from
the infected site, one for Gram stain and another for culture. The deepest parts of the wounds were sampled, to avoid
superficial micro-flora. All the collected samples were kept in test tubes containing 1.0 mL of normal saline and taken to
the microbiology laboratory of Mizan-Tepi university for analysis within 3 hours after collection. An aseptic technique
was applied to avoid cross-contamination at all stages.

Culturing and Identification Procedures
All the swab samples were cultured onto MacConkey and mannitol salt agar (Oxoid, UK) by rolling the swab over the
agar and streaking from the primary inocula. The inoculated plates were kpt for 24–48 h at 35–37°C for the organisms to
be grown. Isolation and identification were done as per standard techniques.21 First, screening was made by Gram
staining and with their colony characteristics. Members of the family Enterobacteriaceae were differentiated from other
Gram-negative bacilli by performing two rapid catalase and oxidase tests. Biochemical tests such as citrate utilization
test, Triple Sugar Iron (TSI) agar test, Sulphite-Indole–Motility (SIM) test, and urease tests were used to differentiate
enteric bacteria. Staphylococcus aureus were identified from CoNS with their colony characteristics on the mannitol salt
agar plate and by performing coagulase tests. All the isolates were kept at 2–8°C in nutrient broth until antimicrobial
sensitivity tests were done.

Antibiotic Sensitivity Testing
Kirby–Bauer disc diffusion technique was employed to determine antimicrobial susceptibility patterns of all isolates. The
selection of the tested antibiotics depended on the isolated bacteria and the local antibiotics regimen. Standard suspension
of a pure colony was done in sterile normal saline. Sterile cotton-tipped applicator sticks were used to spread the
suspensions onto Muller-Hinton agar (Oxoid, UK). Antibiotics disks, such as ampicillin (10 µg), amoxicillin-clavulanic
acid (30 µg), ceftriaxone (30 μg), cefoxitin (30 μg), gentamicin (10 μg), amikacin (30 μg), ciprofloxacin (5 μg),
doxycycline (30 μg), trimethoprim-sulfamethoxazole (1.25/23.75 μg), clindamycin (2 μg), chloramphenicol (30 µg),
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erythromycin (15 µg) and meropenem (30 µg) were placed using sterile forceps. The zone of inhibition was measured
and interpreted by comparing the zone with Kirby–Bauer chart as per CLSI 2018.22 Multidrug-resistance (MDR) is
considered as resistance to three or more classes of antibiotics.

Quality Assurance
The manufacturer’s instructions on all the materials, culture media, and reagents were strictly followed. The ability of
culture media to support the growth of common organisms causing SSIs was determined by inoculating the media with
a typical stock culture. Escherichia coli ATCC*25922 and Staphylococcus aureus ATCC25923 were used as quality
control strains.

Data Analysis
The data were analyzed for descriptive statistics using SPSS version 25.0. Descriptive statistics, such as count and percentage
were calculated to describe bacterial profile, antimicrobial susceptibility patterns, demographic of the subjects, and clinical
and procedural related variables. Frequencies and cross-tabulation were employed to describe the magnitude of SSIs in
relation to each patient’s demographic, clinical and procedural characteristics. Statistically significant differences were
determined at P-values <0.05. Finally, the data were presented in tables and graphs as appropriate.

Results
Socio-Demographic Characteristics and Magnitude of SSIs
In this study, a total of 262 patients underwent surgical procedures, all of whom were followed up during the study. Of
these, 33/262 (12.6%) developed SSIs within 30 days of the procedure. Most, 145/262 (55.3%), of the patients were in
the age group 19–35 years and just over half of the participants, 156/262 (59.6%), were females. A higher proportion of
SSIs was observed among the age group of >50 years (8/20; 40.0%), a difference which was statistically significant
(p = 0.001). More than half, 135/262 (51.5%), of the participants were from rural areas and over half 141/262 (53.8%)
had completed their primary school education (Table 1).

The rate of SSIs among consumers who drank alcohol and consumers who did not was 11/64 (17.2%) and 22/198
(11.1%), respectively, and the difference was not statistically significant (p >0.05). Only 3/17 (17.6%) patients with
smoking habits developed SSIs, which did not show a statistically significant difference with non-smokers, 30/245
(12.2%) (p >0.05) (Table 1).

Procedural and Clinical Characteristics and Magnitude of SSIs
As shown in Table 2, cesarean section (C/S) accounted for 150/262 (57.3%), followed by gastrointestinal tract, 53/262
(20.2%), and genitourinary tract, 21/262 (8.0%). The rate of SSIs in cesarean section (C/S) was 14/150 (9.3%), followed
by 9/53 (17.0%) in the gastrointestinal tract and 5/21 (23.8%) in the genitourinary tract. About the types of surgery, just
over half of the participants, 145/262 (55.3%), had emergency surgery, and the rate of SSIs among patients with
emergency surgery was 19/145 (13.1%) and among elective surgery, it was 14/117 (12.0%).

Regarding the types of wounds, a large number of patients, 234/262 (89.3%), had clean or clean-contaminated
wounds. The rate of SSIs was 22/234 (9.4%) in patients with clean or clean- contaminated wounds, compared with 11/28
(39.3%) in patients with contaminated wounds, a statistically significant difference (p = 0.001) (Table 2).

The rate of SSIs in patients with ASA score <III was 28/251 (11.2%), while the rate of SSIs in patients with ASA
score ≥III was 5/11 (45.4%), the difference was statistically significant (p = 0.001). Regarding types of provided
antibiotics prophylaxis, the rate of SSIs among patients taking ceftriaxone alone or with metronidazole as antibiotic
prophylaxis was 14/164 (8.5%), and for those taking ampicillin the rate was 19/98 (19.4%), this difference was
statistically significant (p = 0.010) (Table 2).
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Prevalence of Co-Morbid Conditions
In this study, co-morbidities were defined as the presence of one or more other conditions co-occurring with the disease
of primary concern during surgery. Accordingly, the overall presence of co-morbid conditions was 31/262 (11.8%) and
the rate of SSIs among patients with co-morbidity and those without co-morbidity was 11/31 (35.5%) and 22/231 (9.5%),
respectively, which showed a statistically significant difference (p = 0.010). The most common co-morbidity was anemia
in 8/262 (3.1%), followed by cardiac disorder in 6/262 (2.3%), diabetes in 5/262 (1.9%), respiratory disease in 4/262
(1.5%), malignancy in 4/262 (1.5%) and HIV/AIDS in 4/262 (1.5%). The rate of SSIs in anemic patients was 4/8 (50.0%)

Table 1 Socio-Demographic and Clinical Characteristics of Study Participants

Variables Total N (%) Surgical Site Infection (SSI) x2 (p-value)

Yes (n= 33) N (%) No (n= 229) N (%)

Gender

Male 106 (40.4) 14 (13.2) 92 (86.8) 0.06 (0.806)
Female 156 (59.6) 19 (12.2) 137 (87.8)

Age in years

≤ 18 24 (9.2) 7(29.2) 17 (70.8) 23.53 (0.001)*
19–35 145 (55.3) 12 (8.3) 133 (91.7)

36–50 73 (27.9) 6 (8.2) 67(91.8)

>50 20 (7.6) 8 (40.0) 12 (60.0)
Level education

Read and write only 56 (21.4) 9 (16.1) 47 (83.9) 1.29 (0.526)

Primary school 141 (53.8) 18 (12.8) 123 (87.2)
Secondary and above 65 (24.8) 6 (9.2) 59 (90.8)

Residence

Urban 127 (48.5) 15 (11.8) 112 (88.2) 0.14 (0.711)
Rural 135 (51.5) 18 (13.3) 117 (86.7)

Occupational status

Employee 66 (25.2) 7(10.6) 59 (89.4) 2.34 (0.505)
Farmer and housewife 142 (54.2) 17(12.0) 125 (88.0)

Merchants 32 (12.2) 4(12.5) 28 (87.5)

Daily laborer 22 (8.4) 5(22.7) 17 (77.3)
Previous history of surgery

Yes 26 (9.9) 5 (19.2) 21(80.8) 1.15 (0.283)

No 236 (90.1) 28 (11.9) 208 (88.2)
BMI (kg/m2)

< 25 kg/m2 197 (75.2) 22 (11.2) 175 (88.8) 2.49 (0.288)
25 to < 30 kg/m2 43(16.4) 6 (14.0) 37 (86.0)

≥30 kg/m2 22 (8.4) 5 (22.7)` 17 (77.3)

Malnutrition anthropometry (MUAC)
Adult: <18 cm (Severe) 5 (1.9) 2 (40.0) 3 (60.0) 3.49 (0.175)

Adult: 18–21 cm (Moderate) 81 (30.9) 10 (12.3) 71 (87.7)

Adult: >21 cm (Normal) 176 (67.2) 21(11.9) 155 (88.1)
Presence of co-morbid conditions

Yes 31 (11.8) 11 (35.5) 20 (64.5) 16.73 (0.001)*

No 231 (88.2) 22 (9.5) 209 (90.5)
Patients with smoking habit

Yes 17 (6.5) 3 (17.6) 14 (83.4) 0.42 (0.516)

No 245 (93.5) 30 (12.2) 115 (87.8)
Patients with alcohol intake habit

Yes 64 (24.4) 11 (17.2) 53 (82.8) 1.62 (0.203)

No 198 (75.6) 22 (11.1) 176 (88.9)

Note: *Indicates variables with p-value < 0.05.
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Table 2 Procedure and Clinical Related Characteristics of Study Participants

Variables Total (n = 262) N (%) Surgical Site Infection (SSI) x2 (p-value)

Yes (n= 33)
N (%)

No (n= 229)
N (%)

Types of surgery procedures
Cesarean section (C/S) 150 (57.3) 14 (9.3) 136 (90.7) ―
Gastrointestinal 53 (20.2) 9 (17.0) 44 (83.0)

Genitourinary 21 (8.0) 5 (23.8) 16 (76.2)
Head and neck 14 (5.3) 3 (21.4) 11 (78.6)

Hernia repair 12 (4.6) 2 (16.7) 10 (83.3)

Vascular 4 (1.5) 0 4 (100.0)
Skin grafting 4 (1.5) 0 4 (100.0)

Lipoma excision 2 (0.8) 0 2 (100.0)

Hepatobiliary 2 (0.8) 0 2 (100.0)
Hospital stays before surgery

≤ 7 days 240 (91.6) 30 (12.5) 210 (87.5) 0.02 (0.878)

> 7 days 22 (8.4) 3 (13.6) 19 (86.4)
Post-operative hospital stay

≤ 14 days 243 (92.8) 27 (11.1) 216 (88.9) 6.71 (0.010)*

>14 days 19 (7.2) 6 (31.6) 13 (68.4)
Duration of the operation

< 2 hour 182 (69.5) 22 (12.1) 160 (87.9) 0.14 (0.709)

≥ 2 hour 80 (30.5) 11 (13.75) 69 (86.25)
Type of surgery

Elective 117 (44.7) 14 (12.0) 103 (88.0) 0.08 (0.783)

Emergency 145 (55.3) 19 (13.1) 126 (86.9)
Wards

Surgical ward 105 (40.1) 18 (17.1) 87 (82.9) 3.29 (0.070)
Gynecology/Obstetrics 157 (59.9) 15 (9.6) 142 (90.4)

Time of prophylaxis before incision

≤ 30 minutes 223 (85.1) 28 (12.6) 195 (87.4) 0.00 (0.963)
> 30 minutes 39 (14.9) 5 (12.8) 34 (87.2)

Post-operative prophylaxis (hours)

≤ 24 hours 158 (60.3) 18 (11.4) 140 (88.6) 0.52 (0.470)
> 24 hours 104 (39.7) 15 (14.4) 89 (85.6)

Types of wound

Clean or clean contaminated 234 (89.3) 22 (9.4) 212 (90.6) 20.29 (0.001)*
Contaminated 28 (10.7) 11 (39.3) 17 (60.7)

Level of profession

General surgeon 92 (35.1) 12 (13.0) 80 (87.0) 1.06 (0.383)
Gynecologist 82 (31.3) 9 (11.0) 73 (88.0)

IESO 88 (33.6) 12 (13.6) 76 (87.4)

ASA score
< III 251 (95.8) 28 (11.2) 223 (88.8) 11.26 (0.001)*

≥ III 11 (4.2) 5 (45.4) 6 (54.6)

Numbers of staff
< 5 183 (69.8) 23 (12.6) 160 (87.4) 0.00 (0.984)

≥ 5 79 (30.2) 10 (12.7) 69 (87.3)

Types of provided antibiotics prophylaxis
Ceftriaxone alone or with

metronidazole

164 (62.6) 14 (8.5) 150 (91.5) 6.56 (0.010)*

Ampicillin 98 (37.4) 19 (19.4) 79 (80.6)

Note: *Indicates variables with p-value <0.05.
Abbreviations: ASA, American Society of Anesthesiologists; IESO, Integrated Emergency Surgery and Obstetrics.
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and 29/254 (11.4%) in non-anemic patients, the difference was statistically significant (p = 0.001). In addition, the rate of
SSIs in diabetic patients was 3/5 (60.0%) and 30/257 (11.7%) in non-diabetic patients, the difference was statistically
significant (p = 0.001) (Tables 1 and 3).

Bacterial Isolates
For patients who developed SSIs (n = 33), wound swabs were collected and cultured on appropriate media. All SSIs
patients had culture positive at least for one bacterial growth giving a total of 41 bacterial isolates. Out of a total of 41
bacterial isolates, 73.2% (30/41) of these were Gram-negative, 26.8% (11/41) were Gram-positive and 24.2% (8/33) were
a mixture of two bacterial growths. Among the types of bacteria identified, Escherichia coli accounted for 29.3% (12/41),
followed by Staphylococcus aureus at 19.5% (8/41), Proteus species at 14.6% (6/41), Pseudomonas aeruginosa at 12.2%
(5/41), and Klebsiella species at 9.8% (4/41) (Figure 1).

Antimicrobial Resistance Profiles
In this study, antimicrobial resistance analysis was performed on microorganisms isolated from patients with surgical site
infections. Hence, all (100.0%) Gram-negative isolates showed resistance toward ampicillin, and 91.7% of isolates were
resistant toward amoxicillin-clavulanic acid. In addition, ranging from 50.0% to 83.3%, Gram-negative isolates were
resistant to ceftriaxone, cefoxitin, gentamicin, ciprofloxacin, doxycycline, cotrimoxazole, and chloramphenicol. Gram-
positive isolates of S. aureus showed higher resistance towards ampicillin (87.5%) followed by amoxicillin-clavulanic
acid, doxycycline, cotrimoxazole, clindamycin, and erythromycin, all with resistance rate of 75.0%. S. aureus also
showed resistance to gentamicin and chloramphenicol, each with a resistance rate of 62.5%. Using a cefoxitin disk as
a surrogate marker, 3/8 (37.5%) of S. aureus were methicillin-resistant S. aureus (MRSA). Two out of three (66.7%)
isolates of CoNS showed resistance to the above antibiotics, except cefoxitin, in which one out of three (33.3%) CoNS
showed resistance. Multidrug-resistance (MDR) towards three or more classes of antibiotics was 100.0%. None of the
isolates were resistant to amikacin and only (7.3%) of Gram-negative isolates were resistant to meropenem (Table 4).

Table 3 Co-Morbidity Conditions Among Study Participants

Variables Total (n = 262) N (%) Surgical Site Infection (SSI) x2 (p-value)

Yes (n= 33) N (%) No (n= 229) N (%)

Diabetes mellitus

Yes 5 (1.9) 3 (60.0) 2 (40.0) 10.36 (0.015)*
No 257 (98.1) 30 (11.7) 227 (88.3)

Cardiac disorder

Yes 6 (2.3) 2 (33.3) 4 (66.7) 2.40 (0.121)
No 256 (97.7) 31 (12.1) 225 (87.9)

Respiratory disorder

Yes 4 (1.5) 0 (0.0) 4 (100.0) 0.58 (1.000)
No 258 (98.5) 33 (12.8) 225 (87.2)

HIV/AIDS

Yes 4 (1.5) 1 (25.0) 3 (75.0) 0.57 (1.000)
No 258 (98.5) 32 (12.4) 226 (87.6)

Malignancy

Yes 4 (1.5) 1 (25.0) 3 (75.0) 0.57 (1.000)
No 258 (98.5) 32 (12.4) 226 (87.6)

Anemia

Yes 8 (3.1) 4 (50.0) 4 (50.0) 10.49 (0.001)*
No 254 (96.9) 29 (11.4) 225 (88.6)

Note: *Indicates variables with p-value <0.05.
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Discussion
This is the first SSIs surveillance study, which has attempted to estimate the burden of SSIs by determining not only their
magnitude but also the etiological bacterial agents causing SSIs and their antimicrobial susceptibility patterns at Mizan-
Tepi university teaching hospital in southwest districts of Ethiopia. The rate of SSIs in this study was 12.6% and among
cesarean sections, it was 9.3% (14/150). The current finding is slightly higher than those found in studies from different
parts of the developing world, including in Ethiopia.23–27 In low- and middle-income countries (LMICs), the combined
incidence of SSIs is 11.8%.6,28 However, this finding is lower than the study finding in other parts of Ethiopia, in which
the average rates of SSIs was 21.5%.16,29–32 Compared with developed countries, this finding is higher than those of
several European countries and the USA, in which the cumulative incidence of SSIs ranges from 0.8–9.5% in Europe33

and is 0.9% in the USA.34

HAIs may be caused by infectious agents from endogenous or exogenous sources, such as normal flora of the skin,
nose, mouth, gastrointestinal tract, or vagina and those external to the patient, such as patient care personnel, visitors,
patient care equipment, medical devices, or the health-care environment.2,4,18 For example, studies have reported
detection of microorganisms from inanimate contact surfaces in various medical devices and health-care settings.35–37

Hence, the rate of SSIs observed in this study as well as in other studies conducted in the country may be related to lack
of or inappropriate use of medical equipment and materials necessary to maintain strict guidelines for asepsis, poor
hygienic conditions of patients, and hospital set-ups, poorly trained staff, and poor implementation and follow-up
strategies in providing high-quality health care.

This study also tried to assess the rate of SSIs in relation to patients’ socio-demographic, procedural, and clinical
characteristics. Many factors in the patient’s journey through surgery have been identified as contributing to the risk of
SSIs. Accordingly, a significantly higher rate of SSIs was observed in the age group of >50 years, presence of co-morbid
conditions such as anemia and diabetic mellitus, post-operative hospital stay greater than 14 days, ASA class ≥III,
contaminated wound procedure, and providing ampicillin as antibiotic prophylaxis (p <0.05).

The present findings seem to be consistent with other research findings which highlighted some SSI risk factors, such
as age, ASA class, wound classification, skill and experience of the surgeon, duration of surgery, blood transfusion, and
emergency surgery.16,19,26,29,31 Therefore, the prevention of these infections is complex and requires a comprehensive set
of preventive measures before, during, and after surgery.

The other objective of the present study was to evaluate bacterial profiles causing SSIs and their antimicrobial resistance
patterns. Accordingly, 73.2% Gram-negative and 26.8% Gram-positive SSIs-causing bacteria were detected. Of the Gram-
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Table 4 Prevalence of Antimicrobial Resistance Pattern of Bacteria Isolated from Patients Diagnosed with SSIs (n = 41)

Antibiotics Tested Prevalence of Resistance Isolates N (%)

Gram-Negatives Gram-Positives Total
R N (%)

E. coli (n=
12)

Proteus spps
(n= 6)

P. aeruginosa
(n= 5)

Klebsiella spp.
(n= 4)

Citrobacter spps
(n= 3)

S. aureus
(n=8)

CoNS (n=3)

Ampicillin (10 µg) 12 (100.0) 6(100.0) ND 4(100.0) 3 (100.0) 7 (87.5) 2 (66.7) 34 (94.4)

AMC (30 µg) 11(91.7) 5(83.3) ND 3 (75.0) 2(66.7) 6 (75.0) 2 (66.7) 29 (80.6)
Ceftriaxone (30 μg) 9 (75.0) 4 (66.7) ND 3(75.0) 2(66.7) ND ND 18 (72.0)

Cefoxitin (30 μg) 10 (83.3) 4 (66.7) ND 3(75.0) 2(66.7) 3 (37.5) 1 (33.3) 23 (63.9)

Gentamicin (10 μg) 7 (58.3) 3 (50.0) 3 (60.0) 3(75.0) 2(66.7) 5 (62.5) 2 (66.7) 25 (61.0)
Amikacin (30 μg) 0 0 0 0 0 0 0 0

Ciprofloxacin (5 μg) 6 (50.0) 3 (50.0) 3 (60.0) 2 (50.0) 2(66.7) 4 (50.0) 2 (66.7) 22 (53.7)

Doxycycline (30 μg) 8 (66.7) 4 (66.7) 4 (80.0) 3(75.0) 2(66.7) 6 (75.0) 2 (66.7) 29 (70.7)
Cotrimoxazole (25 µg) 9 (75.0) 5(83.3) ND 3(75.0) 2(66.7) 6 (75.0) 2 (66.7) 27 (75.0)

Meropenem (30 µg) 2 (16.7) 0 0 1 0 0 0 3 (7.3)

Chloramphenicol (30 μg) 9 (75.0) 4 (66.7) 4 (80.0) 3(75.0) 2(66.7) 5 (62.5) 2 (66.7) 29 (70.7)
Erythromycin (15 µg) ND ND ND ND ND 6 (75.0) 2 (66.7) 8 (72.7)*

Clindamycin (2 μg) ND ND ND ND ND 6 (75.0) 2 (66.7) 8 (72.7)*

Note: *Denominator is 11.
Abbreviations: AMC, amoxicillin-clavulanic acid; ND, not done.
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negatives, Escherichia coli accounted for 29.3%, followed by Proteus spp. (14.6%), Pseudomonas aeruginosa (12.2%),
Klebsiella spp. (9.8%) and Citrobacter spp. (7.3%). From Gram-positive bacteria, Staphylococcus aureus is the predominant
(19.5%) isolate, followed by CoNS (7.3%). The predominance of the above isolates is inconsistent with study findings in
other parts of Ethiopia,29,30,38,39 as well as in other developing countries.26,40 The advantages of the above isolates have also
been reported in several European countries.41 Although there are no clear explanations about the main cause of SSIs by
these bacteria in the current study, it is possible that the presence of these microorganisms as normal flora of the patient’s
body and in a hospital environment, including different types of medical equipment may lead to post-procedural contamina-
tion of surgical wounds. For instance, many studies have reported that these microorganisms were detected from different
medical devices and inanimate contact surfaces in the health-care environment.35–37

In this study, high rates of resistance to commonly used antibiotics were observed in bacterial isolates causing SSIs.
All (100.0%) Gram-negative isolates were resistant to ampicillin, while 91.7% of isolates were resistant to amoxicillin-
clavulanic acid. In addition, 50.0–83.3% of isolates were resistant to ceftriaxone, cefoxitin, gentamicin, ciprofloxacin,
doxycycline, cotrimoxazole, and chloramphenicol. Multidrug-resistance (MDR) towards more commonly used three or
more classes of antibiotics was 100.0%. High resistance rates toward the above antibiotics were also reported in other
studies.26,29,30,38,39 A study in Tanzania also showed that the majority (97%) of the Gram-negative bacteria were resistant
to more than four classes of antibiotics.40 This can pose a huge challenge for the prevention of SSIs, especially in our
case where ampicillin and ceftriaxone are the most commonly used antibiotics in all patients undergoing surgery.

Among Gram-positive bacteria, 87.5% of Staphylococcus aureus showed resistance to ampicillin, and 75.0% were
resistant to amoxicillin-clavulanic acid, doxycycline, cotrimoxazole, clindamycin, and erythromycin. In addition, 37.7–
62.5% of S. aureus was resistant to cefoxitin, gentamicin, and chloramphenicol. The presence of highly resistant bacteria
causing SSIs has also been reported in other studies.26,29,30,38–40 This significantly higher resistance may be related to the
frequent and inappropriate use of these antibiotics for therapeutic and prophylactic purposes in human infections. The
studies have demonstrated almost linear relationships between antibiotic consumption and the prevalence of antimicro-
bial resistance (AMR).42,43 For instance, in Ethiopia, many studies confirmed that ceftriaxone is the most prescribed
antibiotic prophylaxis.44,45 The use of broad-spectrum antibiotics increases the selective pressure of bacteria and
stimulates the emergence of multi-drug resistant pathogens.

Limitations of This Study
In this study, blood agar medium was not used to detect SSI-causing pathogens, which could undermine the prevalence
and types of isolated bacteria. The overall number of patients with SSIs was small, which limits the ability to estimate the
true prevalence of AMR. Due to resource issues, molecular techniques to provide more information to indicate specific
antibiotic resistance genes have not been performed. Furthermore, it should be noted that these results may not be
generalizable to other settings.

Conclusion
The prevalence of SSIs observed in the study remains high, despite this being one of the priority areas for the provision
of high-quality surgical care in our country, Ethiopia. All patients with SSIs were culture positive for at least one
bacterial species. Multidrug-resistance was seen in almost all of the isolates leaving clinicians with few choices of drugs
for the treatment of patients with SSIs. Moreover, an increased prevalence of SSIs was observed in older patients, the
presence of co-morbid conditions such as anemia and diabetes mellitus, postoperative hospital stay, types provided for
antibiotic prophylaxis, and types of wound and ASA class. Therefore, periodic surveillance of the bacterial profile and
antibiotic susceptibility testing coupled with the implementation of a strict protocol for antibiotic administration and
operative room regulations is important to minimize the burden of SSIs with resistant bacteria pathogens.

Data Sharing Statement
All the data supporting our findings were incorporated within the manuscript.
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