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Abstract

Objective: Surgical site infections (SSIs) greatly burden healthcare systems around the world, particularly in low- and middle-income coun-
tries. We sought to employ the Systems Engineering Initiative for Patient Safety (SEIPS) model to better characterize SSI prevention practices
and factors affecting adherence to prevention guidelines at Jimma University Medical Center (JUMC).

Design: Our cross-sectional study consisted of semistructured interviews designed to elicit perceptions of and barriers and facilitators to SSI
prevention among surgical staff and observations of current preoperative, perioperative, and postoperative SSI prevention practices in surgical
cases. Interviews were recorded, manually transcribed, and thematically coded within the SEIPS framework. Trained observers recorded com-
pliance with the World Health Organization’s SSI prevention recommendations.

Setting: A tertiary-care hospital in Jimma, Ethiopia.

Participants: Surgical nurses, surgeons, and anesthetists at JUMC.

Results: Within 16 individual and group interviews, participants cited multiple barriers to SSI prevention including shortages of water and
antiseptic materials, lack of clear SSI guidelines and training, minimal Infection Prevention Control (IPC) interaction with surgical staff, and
poor SSI tracking. Observations from nineteen surgical cases revealed high compliance with antibiotic prophylaxis (94.7%), hand scrubbing
(100%), sterile gloves and instrument use (100%), incision site sterilization (100%), and use of surgical safety checklist (94.7%) but lower
compliance with preoperative bathing (26.3%), MRSA screening (0%), and pre- and postoperative glucose (0%, 10.5%) and temperature
(57.9%, 47.3%) monitoring.

Conclusions: Utilizing the SEIPS model helped identify institution-specific barriers and facilitators that can inform targeted interventions to
increase compliance with currently underperformed SSI prevention practices at JUMC.

(Received 22 July 2021; accepted 20 October 2021)

Surgical site infections (SSI), though largely preventable, contribute
to increased patient morbidity and mortality, length hospital stays,
cost of healthcare, and antimicrobial resistance.1,2 Although SSIs
pose significant challenges for hospitals globally, the burden of
SSIs is significantly greater in low- and middle-income countries
(LMICs) compared to high-income countries.3 In Ethiopia specifi-
cally, several single-center studies have reported SSI rates as high
as 10%–20%, 5–10 times greater than estimated rates in the

United States.4–9 Both the World Health Organization (WHO)
and the Center for Disease Control have provided evidence-
based SSI prevention guidelines consisting of 20–30 practices
demonstrated to reduce rates of SSI, but significant challenges
to widespread implementation of these practices exist in LMICs,
such as Ethiopia.10,11

Successful implementation of SSI prevention strategies requires
multimodal interventions tailored to institution-specific strengths
and weaknesses, rather than one-size-fits-all guidelines.12 The
Clean Cut Programme, conducted at 5 hospitals in Ethiopia and
piloted at Jimma University Medical Center (JUMC), adopted this
mentality by engaging local stakeholders in adaptive process map-
ping to implement site-specific interventions and improve compli-
ance to 6 SSI prevention practices.4,13,14 Although Clean Cut’s
results and efforts to address institution-specific implementation
barriers are promising, the disconnect between the high estimated
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SSI rates and few studies informing successful implementation and
sustainability of guidelines in LMICs highlights the need for fur-
ther research in this area.15

The Systems Engineering Initiative for Patient Safety (SEIPS)
serves as a valuable quality improvement tool by highlighting
the complex interactions between key elements of the work
system—person, tools and technology, organization, environment,
and task—that cumulatively shape patient care processes and drive
patient and institutional outcomes, both desirable and undesir-
able.16–18 We utilized the SEIPS framework to better characterize
SSI prevention practices and factors affecting adherence to preven-
tion guidelines at JUMCover time.With this foundation, we hoped
to identify future interventions for improving effectiveness and
sustainability of SSI prevention strategies. This project is part
of a larger collaboration between JUMC and the University of
Wisconsin (UW). Previous work has included identifying barriers
and facilitators to Infection Prevention Control (IPC) team estab-
lishment and hand hygiene among healthcare workers (HCWs)
at JUMC.19

Methods

Study setting and design

Our mixed-methods, cross-sectional study took place over a
4-week period in March 2019 at JUMC, a tertiary-care hospital
in southwestern Ethiopia. As one of the largest and oldest teaching
hospitals in Ethiopia, JUMC serves a catchment population of >15
million and ∼1,800 obstetric procedures, 3,000 elective nonobste-
tric procedures, and 3,000 emergency operations are performed
there each year. JUMC has a functioning IPC Team and Patient
Safety Committee established in 2018.

Interviews

We conducted semistructured interviews with surgical nurses, sur-
geons, and anesthetists at JUMC. HCWs included in the study
worked in the main operating room (OR) or the maternity OR
and were able to converse in either English or Amharic.
Participants were selected via convenience sampling, but efforts
were made to interview individuals from a variety of professional
categories. An interview guide including open- and closed-ended
questions was developed within the SEIPS framework to elicit cur-
rent SSI practices as well as barriers and facilitators to SSI preven-
tion (Appendix 1). Literature review revealed a minimum of 12
interviews would attain theoretical saturation.20 All interviews
were recorded, manually transcribed, and thematically coded using
QRS Nvivo (version 12.4.0) within the 5 SEIPS elements of the
work system. Quotations were further characterized as “facilita-
tors,” “barriers,” “attitudes,” and/or “current practices.” Barriers
were subcoded as either “easy to modify” or “difficult to modify.”
Coding was performed primarily by 1 investigator (LB) with fre-
quent review and discussion with another (DS) to ensure accuracy
and reliability. Barriers and facilitators were then ranked by fre-
quency of discrete quotations.

Observations

Trained data collectors followed surgical patients throughout their
pre-, peri-, and postoperative care to determine whether recom-
mended SSI prevention practices occurred. Compliance to safe sur-
gical practices was recorded using an observation checklist written
in English and designed by study staff using 2018 WHO and UW
Health SSI prevention tools (Appendix 2). The observation form

enabled observers to mark completion of recommended SSI pre-
vention tasks and add relevant notes about hospital and HCW
practices. Surgeries within the main OR and maternity OR were
selected for observation via convenience sampling, but we included
a variety of emergency and elective procedures. Completed stand-
ardized observational forms were collected and recorded in
Microsoft Excel (Microsoft, Redmond, WA) to determine rates
of adherence.

Ethical considerations

Ethical approval was obtained from both JimmaUniversity and the
University of Wisconsin Institutional Review Boards. Verbal con-
sent was obtained from participants prior to interviews.

Results

We conducted a total of 16 interviews with 20 JUMC participants;
15 interviews involved 1 participant and 1 group interview
involved 5 participants. Participants included OR nurses (40%),
surgeons (50%), and nurse anesthetists (10%). Moreover, 65% of
participants worked primarily in the major OR, 15% worked pri-
marily in the maternity OR, and 20% worked in both. The remain-
ing demographic information of the participants is outlined in
Table 1. Trained data collectors observed 19 surgeries, of which
9 took place in the maternity OR and 10 in the major OR.

Perceived and observed adherence to safe surgery practices

Perceived and observed compliance with safe surgery practices
were assessed using patient interviews and perioperative obser-
vations by trained data collectors respectively (Table 2 and
Supplementary Table 1). In interviews, participants stated that
methicillin-resistant Staphylococcus aureus (MRSA) screening
(which is not directly included in theWHO SSI prevention guide-
lines, though the WHO does recommend decolonization of
S. aureus carriers prior to many types of surgeries to reduce rates
of SSI) and bathing were rarely performed at JUMC.10

Participants in most interviews stated antibiotics were consis-
tently given 30–60 minutes before incision for nonemergency
cases (75%), with ceftriaxone alone noted as the most common

Table 1. Interview Participant Demographics (N = 20)

Characteristic
Nurses
(N = 8)

Surgeons
(N = 10)

Anesthetists
(N = 2)

Primary unit

Major OR, no. (%) 6 (75) 6 (60) 1 (50)

Maternity OR, no. (%) 2 (25) 1 (10) 0 (0)

Both, no. (%) 0 (0) 3 (30) 1 (50)

Sex

Male, no. (%) 7 (87.5) 10 (100) 2 (100)

Female, no. (%) 1 (12.5) 0 (0) 0 (0)

Age, median y 25.5 34.5 28.0

Median experience in current
position, y

2 6 5

Median number of surgeries per daya 4 1 4

Note. OR, operating room.
aAssumes 5-d work week.
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antibiotic given. Although interviewees reported patients are usually
required to purchase the antibiotics on their own, patients in the
maternity OR are occasionally provided antibiotics if they cannot
afford them (12.5%). Interviewees provided varying reports of
whether and how hair is removed prior to surgery. Participants in
56.3% of interviews agreed hair was rarely removed in the OR, but
others described hair removal using clippers (6.25%), razors
(25.0%), and scissors (6.25%). A strongmajority of participants stated
that sterile gloves and instruments are routinely used (100%), that sur-
geons consistently scrub with soap and water (93.8%), and that sur-
gical sites are cleaned with povidone prior to surgery (62.5%) or that
alcohol is used if povidone is unavailable (100%). Participants in
50.0% of interviews stated that surgeons commonly write postoper-
ative wound care orders and instructions.

Observations revealed preoperative bathing (observed in 26.3%
of surgeries), pre- and postoperative glucose monitoring (0%,
10.5%), mechanical bowel preparation (5.3%), MRSA screening
(0%) were infrequently performed. Pre-, intra-, and post-
operative temperature monitoring were variably performed in
57.9%, 73.7%, and 47.3% of surgeries respectively. We observed
high rates of compliance with antibiotic prophylaxis (94.7%),
hand scrubbing (100%), use of sterile gloves (100%), use of ste-
rility indicators (100%), sterilization of the incision site (100%),
maintenance of sterility throughout the procedure (100%), fraction of

inspired oxygen kept ≥50% (100%), and use of the surgical safety
checklist (94.7%). Although theWHOrecommends against removing
hair preoperatively or, if absolutely necessary, using clippers, inap-
propriate hair removal occurred in a small number of observed
cases (10.5%).10

Barriers and facilitators

To better understand gaps in implementation of SSI prevention
practices, we categorized interview responses within the SEIPS
framework (Table 3 and Fig. 1). Also, 543 interview excerpts were
coded to 1 or more of the SEIPS elements. Among them, 350 (64%)
were deemed barriers and 193 (36%) were deemed facilitators.
Representative quotes for identified barriers and facilitators are
included in Table 4.

Tools and technology

Participants overwhelmingly cited shortages of antiseptics, clean
water, gloves, soap, and antibiotics as barriers to SSI prevention.
Several participants noted that povidone iodine is particularly
prone to shortages. One participant stated that when the hospital
“run[s] out of alcohol and iodine, we may be forced to use only
normal saline at times.” Additionally, multiple interviewees dis-
cussed that preoperative MRSA screening is not widely available

Table 2. Reported Adherence and Observed Compliance With SSI Prevention Measures

SSI Prevention Measure
Reported Adherence, From Interviews
(No. of Comments, N = 16 Interviews)

Observed Compliance,
From Data Collectors,
No. (% of total)

Preoperative

MRSA screening Not done (16) 0 (0.0)

Pre-op bathing At home maybe (2)
In-wards sometimes (4)
No (10)

5 (26.3)

Antibiotic timinga 30–60 min (12),
At time of surgery for emergencies (4)

18 (94.8) within 120 min of
surgery

Antibiotic choice Ceftriaxone (13)
Metronidazole for certain procedures (4)

Hair not removed or removed with clippersb Not removed at hospital (9)—appropriate
Done by clipper in OR (1)—appropriate
Done by razor in OR (4)
Done by scissors in OR (1)
Done at home (3)

17 (89.5)

Intraoperative

Surgeon scrubs with soap and water OR alcohol
scruba

Usually soap/water (15) then alcohol based on availability (13) 19 100)

Surgeon uses sterile glovesa Yes (16) 19 100)

Instruments documented sterilea Yes (16) 19 100)

Incision site skin prep in ORa Povidone iodine (10)
Alcohol if iodine runs out (16) Sometimes have to use normal saline
only (1)

19 (100)

Postoperative

Wound care order submitted Surgeon writes order (8)
Not done (4)

19 (100)

Note. SSI, surgical site infection; OR, operating room.
aCore component of the Clean Cut Initiative.
bWHO Guidelines recommend hair removal should generally NOT be performed prior to surgery, and if performed, should only be removed with dedicated sterile clippers. Shaving is strongly
discouraged.
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Table 3. Barriers and Facilitators to SSI Prevention Characterized Within the SEIPS model and Ranked by the Number of Times Each Theme was Cumulatively
Mentioned Within All Interviews

Tools and Technology Organization Environment Person Tasks

Barriers

Insufficient antiseptic (26),
water (25), or soap (10)

Lack of protocols and
guidelines (30)a

High OR traffic (14) Insufficient training on SSI
prevention (38)a

Lack of patient follow-
up (28)

Inadequate supply of gloves
(20)

IP staff uninvolved (12)a Poor OR ventilation (7) Staff not following
protocols (10)

Time pressure in
emergency cases (17)

Lack of antibiotic choice (9) Poor communication between
OR and ward (6)

Too hot in the OR (5) Poor staff attitude or
motivation (2)

High workload (9)

Shortage of cleaning tools (4) Minimal tracking of patient
outcomes (4)

Poor OR zone signage (5)a Complicated surgeries
(8)

Cultures not available (4) Teaching hospital setting (2) Few bathrooms in hospital (3) Communication about
antibiotics (8)

Facilitators

Sterile instrument indicators
(23)

Culture of speaking up about
breaks in sterility (16)

Environmental services
disinfects room and table (6)

Staff knowledgeable about
SSI prevention (14)

Surgeries are generally
short (1)

Available water and
antiseptics (11)

Infection Prevention staff
known (9)

OR is separate space (5) Motivation to prevent SSI
(6)

Good wound care (1)

Antibiotics on hand (5) Informal notification about
surgical complications (7)

Hospital is new (4) Good training in IP (6) Rational use of
antibiotics (1)

Sufficient gloves (4) SSC (5) Hospital is clean (3) Good training (2)

Waste and sharps containers
(3)

National/International
guidelines known (3)

Handwashing posters are
present (3)

Central supply (2)

Note. SSC, surgical safety checklist; SSI, surgical site infection; IP, infection prevention; SEIPS, Systems Engineering Initiative for Patient Safety.
aCharacterized as easy-to-modify, relative to other barriers.

Fig 1. Systems Engineering Initiative for Patient Safety (SEIPS) diagram for SSI prevention at Jimma University Medical Center, March 2019. Within this modified SEIPS diagram,
dashed boxes list common themes identified in interviews, and the circle depicts a work system of inter-related elements (double headed arrows) that cumulatively shape down-
stream patient and organizational outcomes (left-to-right arrows).18 Themodel accounts for adaptability within the system whereby process evaluation and outcome monitoring
can feedback to identify and strengthen vulnerabilities within the system (right-to-left arrows).
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at JUMC due to resource limitations. Serving as facilitators, multi-
ple participants stated that antiseptics, antibiotics, and gloves are
more often available than not, and sterile instrument indicators
are consistently available (Table 4, quote 2).

Organization

Organizational barriers included lack of clear SSI prevention
guidelines and minimal formal communication routes between
surgery and ward staff, making coordination of tasks like preopera-
tive bathing and tracking postoperative outcomes challenging.
Although there is a functional IPC team at JUMC, participants
reported limited interaction between the IPC team and surgical
staff (Table 4, quote 3). Lack of hospital tracking of patient out-
comes was also discussed. According to one participant: “The
chances of nurses would identify those surgical site infections
and include them in the data of the : : : that it might be surgical
site infection [data] is not that complete.”

An important organizational facilitator was positive patient
safety culture at JUMC because participants stated they feel
comfortable and obligated to speak up about sterility breaks.

Participants also highlighted the use of the standardized, perioper-
ative Surgical Safety Checklist (SSC) introduced by the Clean Cut
Programme, although participants stated the checklist forms were
not always readily available (Table 4, quote 4).

Person

Lack of SSI prevention training for HCWs and students involved in
surgery was unanimously cited by interview participants. Most
participants felt they were knowledgeable about SSI but advocated
for formal training for all new surgical students and staff (Table 4,
quote 6). Major facilitators included staff attitudes toward per-
ceived effectiveness of perioperative standards in preventing SSI
and individual motivation for patient safety (Table 4, quote 7).

Task

As task barriers, interview participants cited the difficulty of SSI
tracking and long-term patient follow-up, and they noted that
patients come from large geographic distances and usually do
not return to JUMC unless a major complication occurs.

Table 4. Representative quotes developed from interview responses within the SEIPS* model.

Code Theme Representative Quote

Tools and technology

Barrier Shortages of water, antiseptics,
and gloves

“Most of the time, the supplies. No supplies most of the times. Maybe the gloves. Some gloves have
powder and when we are not trying to glove, it may be not out.”

Facilitator Instrument indicators “There are indicators. They were autoclaved and the indicators are put externally and they change color.
The way to see externally if it is dirty is observation. Both the indicators and observation.”

Organization

Barrier Lack of IPC presence “Why I said no, if there is an [IPC] as a figure, if they don’t work together with us working in the OR, it is
not right to say there is an infection prevention team. And also : : : does not communicate with surgeons.”

Facilitator SSI prevention checklist “There is an infection prevention protocol. The protocol paper usually the scrub nurse will fill the protocol
before starting the operation. Oh, a checklist? We draw the checklist. But we do not always have it”

Facilitator Informal communication between
wards and surgery

“Usually, we will communicate. If for example, I did the surgery and the patient has an infection and if she
was diagnosed on the ward, he will tell him.”

Person

Barrier Lack of training “One important thing this infection prevention skills should be given or trained for the residents, for the
nurses, and for the internists. There should be training. I stayed in this hospital for four years. Even a
single day, nothing for infection prevention. But for all the residents and the internists and nurses, before
they go to the OR room, they should have basic training at least techniques of scrubbing”

Facilitator Motivation to prevent SSIs “It is my duty. My responsibility : : : . should observe all the medical students, the residents, the surgeons,
or someone else around. Should be observed for one who is contaminating or breaking sterility. If there is
one who is breaking sterility you should tell him, you are contaminated.”

Task

Barrier Emergency cases “There are many emergency cases. I mean, it is the only one performing these surgeries : : : it is the
catchment population for more than 15 million, you know, surgically speaking : : : so many difficulties
come with.”

Barrier Limited SSI tracking “Yeah actually, this is difficult because the majority of them do not come back unless they have a major
complication. For minor complaints, they will not come back. So, we don’t know how many percent of
them develop surgical site infection really.”

Environment

Barrier OR crowding and open doors “Most of the time, the difficulty is that the doors should always be self- closing : : : If it is opened, one is
forgetting to close and other people get into the OR : : : Most of the time, you are on surgery, when you
turn about, someone is inside in the OR. There is a new person.”

Facilitator Effective environmental service
workers

“There are the cleaners. The cleaners are hard workers. Usually after transporting one patient from the
table, they clean the room.”

Note. SEIPS, Systems Engineering Initiative for Patient Safety; OR, operating room; IPC, infection prevention and control.
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Participants conveyed a perceived lack of time to perform SSI pre-
vention tasks in emergency cases and a sentiment that high work-
load impedes compliance with SSI prevention practices. Multiple
interviewees also described perceptions of increased risk of SSI in
complicated patients. As one participant stated, “People usually
come here in late presentation, with an infection that is already
complicated and advanced. So surgical site infection and deeper
wound infection are also very common.” Task-related facilitators
included statements that surgeries are commonly short and anti-
biotic use is appropriate and rational.

Environment

Environmental barriers included crowding and traffic in the ORs
given frequent presence of students, poor ventilation, minimal
cooling mechanisms, and lack of clear zoning of sterile spaces.
As environmental facilitators, participants stated the ORs are
adequately isolated from the rest of the hospital and kept clean
by effective environmental services staff.

Discussion

Overall, we found high compliance with the specific surgical prac-
tices targeted by the Clean Cut Programme, with variably lower
adherence to other WHO recommended practices. Our observa-
tional findings aligned with Clean Cut 2018 post-intervention data
at JUMC showing 60%–100% compliance to preoperative antibi-
otic prophylaxis, surgical scrubbing, sterile glove use, incision site
antisepsis, and use of sterile instrument indicators.14 Measures not
included in Clean Cut but often included in SSI prevention bundles
such as preoperative bathing, glucose and temperaturemonitoring,
and discontinuation of antibiotics within 24 hours were performed
less consistently. Our study found high congruence between
perceived and observed practices which may reflect HCW under-
standing of and adherence to SSI prevention strategies emphasized
in the past and currently considered routine at JUMC. Notably
diverging from this congruence, only a handful of interview par-
ticipants reported that surgical staff commonly use the Surgical
Safety Checklist and submit postoperative wound care orders,
but these tasks were observed in 94.7% and 100% of surgeries,
respectively. These few instances of incongruence may be due to
observer bias leading to increased attention to these tasks.

Our finding that ceftriaxone alone was commonly used for
preoperative antibiotic prophylaxis matches other reports from
Ethiopia.21,22 A 2019 report from a government hospital in
southern Ethiopia found that ceftriaxone reasonably covers most
pathogens implicated in SSIs from clean procedures based on local
susceptibility patterns, though first-generation cephalosporins,
such as cephazolin, are generally preferred for most procedures
to reduce antimicrobial resistance.8,23,24 Unfortunately, several
studies from Ethiopia suggest first-generation cephalosporins are
less widely available than ceftriaxone.23,24 Because of growing anti-
biotic resistance in Ethiopia, rational antibiotic use should be a pri-
ority for the JUMC IPC, and further studies are needed to
determine factors that contribute to antibiotic choice at JUMC
including availability of antibiotic options and local antimicrobial
resistance patterns.25

High estimated rates of SSI at JUMC and specific gaps in pre-
operative bathing, glucose and temperature monitoring, SSI check-
list usage, and discontinuation of antibiotics within 24 hours
demonstrate opportunities for additional intervention.4,9 To our
knowledge, this is the first study using the SEIPS model to system-
atically examine barriers and facilitators to SSI prevention in a

LMIC, tertiary hospital. Visualizing the interacting elements
within the SEIPS model (Fig. 1) allowed for identification of
site-specific, multimodal interventions to improve SSI prevention
(Table 5).

As similarly described in Clean Cut’s qualitative assessment of
barriers to SSI prevention at other hospitals in Ethiopia, limited
availability of water, soap, antiseptics, and gloves affects multiple
WHO recommended SSI prevention practices including scrub-
bing, incision site disinfection, double gloving, and preoperative
bathing.15 Although the IPC program and hospital can work to
establish a locally produced source of antiseptic solution, the real-
ities of resource limitations at JUMC must shape the IPC’s educa-
tional and organizational interventions. When antiseptics are
available, the IPC team should organize workflow systems to
ensure that HCWs have access to thosematerials.When antiseptics
are limited, surgical staff should be made aware of the preferred
method of hand hygiene as well as appropriate alternatives.
Improved access to soap and water should be a priority.

Although interview results show knowledge of SSI as a facilita-
tor, the variability of several SSI prevention practices demonstrates
the need for enhanced SSI training and establishment of stand-
ardized SSI processes. Standardization will hopefully increase
awareness of underused but proven SSI prevention strategies
and allow for more standardized surveillance of bundle measure
compliance by IPC staff. Improvements in SSI prevention
knowledge via increased training and clear guidelines will likely
modestly improve adherence to SSI prevention measures, but
studies show improvements in infection control behaviors are
more likely to be sustained with a multimodal implementation
approach that incorporates principles of behavioral theory such
as feedback, incentives, and social and leadership influence.26–30

To create feedback and incentive programs and enhance social
influence to improve SSI prevention practices, the IPC should
focus on a few possible additional interventions based on key bar-
riers and facilitators discussed in interviews. First, increased IPC
visibility within operating rooms and the hospital at large will pro-
vide leadership on SSI prevention. The IPC could consider desig-
nating willing surgical staff as ‘IPC champions,’ tasked with
regularly discussing SSI prevention with staff and thereby promot-
ing social influence over individual and group behaviors.30 Second,
regular IPC monitoring of SSI prevention practices would enable
surgical staff to receive feedback on their adherence rates.
Consistent reporting of major and maternity OR compliance with
standardized SSI practices may create friendly, intrafacility compe-
tition, which has been shown to increase compliance with other
infection prevention practices such as hand hygiene.31 For coun-
tries like Ethiopia, without national reporting and penalties for

Table 5. Multimodal interventions to improve SSI prevention adherence at
JUMC.

• Clarification and dissemination of institutional SSI prevention
guidelines (O, P, T)

• Formal SSI prevention training for new OR staff (O, P, T)
• Recruitment OR staff to collaborate on the IPC team (O, P, TT)
• Increased signage in OR spaces to improve zoning and encourage SSI
prevention steps (E, P)

• Enhanced SSI tracking and reporting (P, T, Pr, Ou)

Note. SSI, surgical site infection; E, environment; P, person;
O, organization; T, task; TT, tools and technologies; Pr, processes;
Ou, outcomes.
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high SSI rates and low IPC measure compliance, intrafacility com-
petition may be an incentive for adherence feedback to influence
SSI practices. Lastly, enhanced SSI tracking and reporting would
provide incentives for HCWs to improve compliance, given that
individual motivation to prevent poor outcomes was a facilitator
discussed in interviews and other studies have suggested availabil-
ity of outcome data encourages infection control behaviors.29,30

Several factors make SSI tracking challenging at JUMC including
lack of patient follow-up, limited formal communication between
surgical and ward teams, and lack of accurate recording of SSI in
patient charts.4 Educational or organizational interventions aimed
at increasing recognition and recording of SSI for both surgical and
ward staff and developing systems that enable the IPC to gather
and routinely report SSI data may begin to tackle these challenges.

Beyond strategies to improve implementation of existing SSI
recommendations, our interviews revealed several additional steps
the IPC can take to make SSI prevention easier at JUMC. Interview
participants indicated that clear zoning of sterile OR areas, limiting
OR traffic, and purchasing powder-free gloves may encourage bet-
ter SSI prevention.

Our study has several limitations. Because our interview partic-
ipants were all chosen via convenience sampling among those who
agreed to take part in a study about SSI prevention, interview
results were subject to selection bias and may not be representative
of the entire JUMC workforce. Interview results are also subject to
response and interviewer bias, particularly the small group inter-
view where group and social dynamics may have influenced
participants’ responses. Given the single-center design of our
study, these results may not be representative of other hospitals
in Ethiopia or other LMICs.

Despite its limitations, our study demonstrated the utility of the
SEIPS model in examining factors affecting SSI prevention in
underresourced healthcare settings and identifying areas for
improvement. WHO guidelines and the Clean Cut Programme
outline effective strategies for reducing SSIs; however, these tools
cannot address all barriers within a given institution, and signifi-
cant challenges to their implementation and sustainability exist.
The SEIPS model can be used to understand specific implementa-
tion gaps and to guide future interventions based on pre-existing
hospital strengths to ensure sustained improvement.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ash.2021.227

Acknowledgments. We thank the staff and faculty of JUMC for supporting
and participating in this work. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript,
and all authors report no conflicts of interest relevant to this article.

Financial support. This project was partially funded through a Faculty and
Staff Travel Award from the University of Wisconsin-Madison Global Health
Institute.

Conflicts of interest.All authors report no conflicts of interest relevant to this
article.

References

1. Owens CD, Stoessel K. Surgical site infections: epidemiology, microbiology,
and prevention. J Hosp Infect 2008;70:3–10.

2. Monahan M, Jowett S, Pinkney T, et al. Surgical site infection and costs in
low- and middle-income countries: a systematic review of the economic
burden. PLoS One 2020;15(6):e0232960.

3. Allegranzi B, Bagheri Nejad S, Combescure C, et al. Burden of endemic
health-care-associated infection in developing countries: systematic review
and meta-analysis. Lancet 2011;377:228–241.

4. Forrester JA, Koritsanszky L, Parsons BD, et al. Development of a surgical
infection surveillance program at a tertiary hospital in Ethiopia: lessons learned
from two surveillance strategies. Surg Infect (Larchmt) 2018;19:25–32.

5. Fisha K, Azage M, Mulat G, Tamirat KS. The prevalence and root causes of
surgical site infections in public versus private hospitals in Ethiopia: a retro-
spective observational cohort study. Patient Saf Surg 2019;13:26.

6. Halawi E, Assefa T, Hussen S. Pattern of antibiotics use, incidence and pre-
dictors of surgical site infections in a tertiary-care teaching hospital. BMC
Res Notes 2018;11:538.

7. Legesse Laloto T, Hiko Gemeda D, Abdella SH. Incidence and predictors of
surgical site infection in Ethiopia: Prospective cohort. BMC Infect Dis
2017;17:119.

8. Billoro BB,NunemoMH,Gelan SE. Evaluation of antimicrobial prophylaxis
use and rate of surgical site infection in surgical ward of Wachemo
University Nigist EleniMohammed Memorial Hospital, southern
Ethiopia: prospective cohort study. BMC Infect Dis 2019;19:298.

9. Amenu D, Belachew T, Araya F. Surgical site infection rate and risk factors
among obstetric cases of Jimma University Specialized Hospital, southwest
Ethiopia. Ethiop J Health Sci 2011;21:91–100.

10. Global guidelines for the prevention of surgical site infection, 2nd ed.World
Health Organization website. https://apps.who.int/iris/handle/10665/277399.
Published 2018. Accessed November 2, 2021.

11. Berríos-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for disease
control and prevention guideline for the prevention of surgical site infec-
tion, 2017. JAMA Surg 2017;152:784–791.

12. RasaK, Kilpatrick C. Implementation ofWorldHealthOrganization guidelines
in the prevention of surgical site infection in low- andmiddle-income countries:
what we know and do not know. Surg Infect (Larchmt) 2020;21:592–598.

13. Forrester JA, Starr N, Negussie T, et al.Clean cut (adaptive, multimodal sur-
gical infection prevention programme) for low-resource settings: a prospec-
tive quality improvement study. Br J Surg 2020. doi: 10.1002/bjs.11997.

14. Forrester JA, Koritsanszky LA, Amenu D, et al.Developing process maps as
a tool for a surgical infection prevention quality improvement initiative in
resource-constrained settings. J Am Coll Surg 2018;226:1103–1116.

15. Mattingly AS, Starr N, Bitew S, et al. Qualitative outcomes of Clean Cut:
implementation lessons from reducing surgical infections in Ethiopia.
BMC Health Serv Res 2019;19:579. doi: 10.1186/s12913-019-4383-8.

16. Barker AK, Brown K, Siraj D, Ahsan M, Sengupta S, Safdar N. Barriers and
facilitators to infection control at a hospital in northern India: a qualitative
study. Antimicrob Resist Infect Control 2017;6:35. doi: 10.1186/s13756-017-
0189-9.

17. Mitchell KF, Barker AK, Abad CL, Safdar N. Infection control at an urban
hospital inManila, Philippines: a systems engineering assessment of barriers
and facilitators. Antimicrob Resist Infect Control 2017;6:90. doi: 10.1186/
s13756-017-0248-2.

18. Carayon P, Wetterneck TB, Rivera-Rodriguez AJ, et al.Human factors sys-
tems approach to healthcare quality and patient safety. Appl Ergon
2014;45:14–25.

19. Kenzie M, Safdar N, Abdissa A, Yilma D, Ibrahim S, Siraj D. Infection pre-
vention and control practices in Jimma, Ethiopia. Int J Infect Control 2019.
doi: 10.3396/ijic.v15i3.010.19.

20. Guest G, Bunce A, Johnson L. How many interviews are enough? Field
Methods 2006;18:59–82.

21. Kefale B, Tegegne GT, Degu A, Molla M, Kefale Y. Surgical site infections
and prophylaxis antibiotic use in the surgical ward of public hospital in
western Ethiopia: a hospital-based retrospective cross-sectional study.
Dovepress 2020;13:3627–3635.

22. Argaw NA, Shumbash KZ, Asfaw AA, Hawaze S. Assessment of surgical
antimicrobial prophylaxis in orthopaedics and traumatology surgical unit
of a tertiary-care teaching hospital in Addis Ababa. BMC Res Notes
2017;10:160.

23. AlamrewK, Tadesse TA, Abiye AA, ShibeshiW. Surgical antimicrobial pro-
phylaxis and incidence of surgical site infections at Ethiopian tertiary-care
teaching hospital. Infect Dis (Auckl) 2019. doi: 10.1177/1178633719892267.

Antimicrobial Stewardship & Healthcare Epidemiology 7

https://doi.org/10.1017/ash.2021.227 Published online by Cambridge University Press

https://doi.org/10.1017/ash.2021.227
https://apps.who.int/iris/handle/10665/277399
https://doi.org/10.1002/bjs.11997
https://doi.org/10.1186/s12913-019-4383-8
https://doi.org/10.1186/s13756-017-0189-9
https://doi.org/10.1186/s13756-017-0189-9
https://doi.org/10.1186/s13756-017-0248-2
https://doi.org/10.1186/s13756-017-0248-2
https://doi.org/10.3396/ijic.v15i3.010.19
https://doi.org/10.1177/1178633719892267
https://doi.org/10.1017/ash.2021.227


24. Misganaw D, Linger B, Abesha A. Surgical antibiotic prophylaxis use and
surgical site infection pattern in dessie referral hospital, dessie, northeast
of Ethiopia. Biomed Res Int 2020. doi: 10.1155/2020/1695683.

25. Muhie OA. Antibiotic use and resistance pattern in ethiopia: systematic
review and meta-analysis. Int J Microbiol 2019. doi: 10.1155/2019/
2489063.

26. Tomsic I, Heinze NR, Chaberny IF, Krauth C, Schock B, von Lengerke T.
Implementation interventions in preventing surgical site infections in
abdominal surgery: a systematic review. BMC Health Serv Res 2020;
20:236.

27. Pittet D. The Lowbury lecture: behaviour in infection control. J Hosp Infect
2004;58:1–13.

28. Luangasanatip N, Hongsuwan M, Limmathurotsakul D, et al. Comparative
efficacy of interventions to promote hand hygiene in hospital: systematic
review and network meta-analysis. BMJ 2015;351. doi: 10.1136/bmj.h3728.

29. Ariyo P, Zayed B, Riese V, et al. Implementation strategies to reduce sur-
gical site infections: a systematic review. Infect Control Hosp Epidemiol
2019;40:287–300.

30. Clack L,Willi U, Berenholtz S, AikenAM,Allegranzi B, SaxH. Implementation
of a surgical unit-based safety programme in African hospitals: a multicentre
qualitative study. Antimicrob Resist Infect Control 2019;8:91

31. van Dijk MD, Mulder SA, Erasmus V, et al. A multimodal regional inter-
vention strategy framed as friendly competition to improve hand hygiene
compliance. Infect Control Hosp Epidemiol 2019;40:187–193.

8 Leigh R. Berman et al

https://doi.org/10.1017/ash.2021.227 Published online by Cambridge University Press

https://doi.org/10.1155/2020/1695683
https://doi.org/10.1155/2019/2489063
https://doi.org/10.1155/2019/2489063
https://doi.org/10.1136/bmj.h3728
https://doi.org/10.1017/ash.2021.227

	Current practices and evaluation of barriers and facilitators to surgical site infection prevention measures in Jimma, Ethiopia
	Methods
	Study setting and design
	Interviews
	Observations
	Ethical considerations

	Results
	Perceived and observed adherence to safe surgery practices
	Barriers and facilitators
	Tools and technology
	Organization
	Person
	Task
	Environment

	Discussion
	References


