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Development of a Surgical Infection Surveillance
Program at a Tertiary Hospital in Ethiopia:

Lessons Learned from Two Surveillance Strategies
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Abstract

Background: Surgical site infections (SSIs) are a leading cause of post-operative morbidity and mortality.
We developed Clean Cut, a surgical infection prevention program, with two goals: (1) Increase adherence to
evidence-based peri-operative infection prevention standards and (2) establish sustainable surgical infection
surveillance. Here we describe our infection surveillance strategy.
Patients and Methods: Clean Cut was piloted and evaluated at a 523 bed tertiary hospital in Ethiopia. Infection
prevention standards included: (1) Hand and surgical site decontamination; (2) integrity of gowns, drapes, and
gloves; (3) instrument sterility; (4) prophylactic antibiotic administration; (5) surgical gauze tracking; and (6)
checklist compliance. Primary outcome measure was SSI, with secondary outcomes including other infection,
re-operation, and length of stay. We prospectively observed all post-surgical wounds in obstetrics over a 12 day
period and separately recorded post-operative complications using chart review. Simultaneously, we reviewed
the written hospital charts after patient discharge for all patients whose peri-operative adherence to infection
prevention standards was captured.
Results: Fifty obstetric patients were followed prospectively with recorded rates of SSI 14%, re-operation 6%, and
death 2%. Compared with direct observation, chart review alone had a high loss to follow-up (28%) and decreased
capture of infectious complications (SSI [n = 2], endometritis [n = 3], re-operations [n = 2], death [n = 1]); further,
documentation inconsistencies failed to capture two complications (SSI [n = 1], mastitis [n = 1]). Concurrently,
137 patients were observed for peri-operative infection prevention standard adherence. Of these, we were able to
successfully review 95 (69%) patient charts with recorded rates of SSI 5%, re-operation 1%, and death 1%.
Conclusion: Patient loss to follow-up and poor documentation of infections underestimated overall infectious
complications. Direct, prospective follow-up is possible but requires increased time, clinical skill, and training.
For accurate surgical infection surveillance, direct follow-up of patients during hospitalization is essential,
because chart review does not accurately reflect post-operative complications.

Keywords: peri-operative management; post-operative infection; prevention; surgical site infection; wound
infection

Global health has undergone a dramatic shift

during the 21st century, with surgically preventable
deaths now surpassing those from human immunodeficiency
virus (HIV), tuberculosis, and malaria combined [1]. Surgical
safety in low- and middle-income countries (LMICs) is a

major, but poorly recognized, public health issue with post-
operative infections responsible for a large burden of mor-
bidity and death [2,3]. Surgical site infections (SSIs) are the
most common contributor of hospital-acquired infections
(HAIs) in sub-Saharan Africa, with affected patients having
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a two-fold increase in death and a five-fold increase in re-
admission after discharge [4–9].

Understanding and capturing true post-operative infection
rates in LMICs is a major challenge. A successful surveillance
program includes standardized definitions of infections, ef-
fective surveillance methods, organized data collection, and
analysis and sharing of results to clinical staff [10]. SSI
surveillance methods have been well studied in high-resource
settings, although they require adaptation to LMICs [10,11].
Inpatient data collection methods include both direct patient
observation at various time intervals and retrospective writ-
ten chart reviews; however, in LMICs, data extraction from
written records is challenging, and electronic medical records
are often non-existent. Because most SSIs occur after dis-
charge, outpatient follow-up is important [12]. There are no
standard methods for outpatient follow-up, with possible
options including scheduled clinic return, patient question-
naires, or ongoing chart review [11,13]. Many of these
methods are challenging in LMICs because of poor patient
follow-up, long travel distances, and poor access to tele-
communication.

In May 2016, the Ethiopia Federal Ministry of Health
launched the nationwide program Saving Lives Through Safe
Surgery (SaLTS) to address the national burden of disease by
promoting improvements in surgical delivery and safety
[14,15]. In Ethiopia, cost-effective, simple, and reliable safe
surgical implementation strategies are imperative to deliver
on the SaLTS mission, yet prevention of post-operative in-
fections is a complex process necessitating proper manage-
ment and adherence to infection prevention standards. In
addition, the magnitude of the problem is unknown, because
surveillance is not universally undertaken. The SSI rates in
Ethiopia likely range 10%–60%; Jimma University Specia-
lized Hospital ( JUSH), the site for this study, reported pre-
viously an 11.4% SSI rate after cesarean section[16–21]. In
LMICs, prevention and surveillance of surgical infections are
critical to delivering safe surgical care [22].

We developed Clean Cut as a peri-operative infection
prevention strategy based on standards embedded in the
World Health Organization (WHO) Surgical Safety Check-
list. While not specifically part of SaLTS, its two aims fell
within the Ministry’s program goals: (1) To increase adher-
ence with peri-operative infection prevention standards, and
(2) to establish sustainable surgical infection surveillance.
Because this program required a reliable method for post-
operative infection surveillance, we selected inpatient and
outpatient surveillance initially via indirect methods of
written medical chart review given the potential ease of
adaptability across multiple sites and the lower requirement
for clinical skill, training, and time investment. To assess the
accuracy and validity of this chart review method, we con-
ducted prospective inpatient direct follow-up with subse-
quent chart review. We describe our infection surveillance
program component with lessons learned from these two
distinct strategies.

Patients and Methods

We conducted a prospective, pre- and post-intervention
study observing adherence to critical peri-operative infection
prevention standards at JUSH, a 523 bed tertiary teaching
hospital in Jimma, Ethiopia. JUSH is one of the oldest

teaching hospitals in the country and the primary refer-
ral hospital for 15 million people in its catchment area of
southwestern Ethiopia. The JUSH performs approximately
1,800 cesarean deliveries a year, along with 3,000 elective
non-obstetric operations, another 3,000 emergency opera-
tions, and 300 minor procedures. At the time of the study, the
hospital had three main, one pediatric, one ophthalmic, and
two separate obstetric operating theaters (OT).

The Clean Cut infection prevention standards targeted for
improvement included: (1) Hand and surgical site decon-
tamination; (2) integrity of gowns, drapes, and gloves; (3)
instrument sterility; (4) prophylactic antibiotic administra-
tion; (5) surgical gauze tracking; and (6) checklist compli-
ance (Table 1). Peri-operative adherence was recorded on a
standardized paper data form by data collectors (three oper-
ating theater nurses and one nurse anesthetist) who were
trained by a visiting surgical fellow to observe and document
surgical practices. We included all patients undergoing sur-
gical intervention regardless of age, gender, or diagnosis. Data
collectors were assigned to the operating theater a minimum
of five days a week, with a rotating schedule to ensure capture
of emergency and nighttime operations. Because cesarean
section was such a large proportion of all cases, we catego-
rized its primary indication according to clinician documen-
tation: Poor presentation (including malpresentation and
breech), obstructed labor (including failure to progress and
cephalopelvic disproportion), fetal distress, previous cesarean
section, cord prolapse, failed induction, pre-eclampsia/eclampsia,
uterine rupture, ante-partum hemorrhage (including placenta
previa or placental abruption), multiple gestation, other reason,
and unknown reason (Table 2). Results from this implementa-
tion program are still being collected at the time of publication.

We followed patient outcomes for the duration of the
study. Our primary outcome of interest was SSI, with
secondary outcomes of other infectious complication, re-
operation, length of stay, and disposition on discharge (dead
or alive). The SSIs were classified as superficial, deep, and
organ space according to Centers for Disease Control and
Prevention definitions [23]. For our data collection process,
to operationalize the SSI definition, improve usage, and de-
crease potential for misclassification, we defined SSI as ‘‘pus
draining from the wound,’’ ‘‘closed wound opened,’’ and
‘‘wound with foul smell.’’

Other infectious complications were defined as any HAI
occurring within 30 days after operation and included urinary
tract infection (UTI), pneumonia (PNA), endometritis, and
other unspecified HAIs. A UTI was defined as clinical doc-
umentation of infection with prescription of antibiotic agents
based on appropriate symptoms with a urinalysis suggestive
of infection (positive nitrites, leukocyte esterase, or positive
urine culture); PNA was defined as clinical documentation of
infection with prescription of antibiotic agents based on two
of the following symptoms: Dyspnea, purulent secretions, a
new infiltrate on chest radiography, and elevated leukocyte
count. Endometritis was a clinical diagnosis defined as the
presence of at least two of the following signs with no other
recognized cause: Fever (temperature of at least 38�C),
uterine tenderness, and abnormal lochia. Unspecified HAIs
were defined as written documentation of an infectious
complication with prescription of an antibiotic agent.

From September 9 to 20, 2016, we performed a 12-day
prospective study in the obstetrics ward, where previously
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published baseline infection rates were available. Inclusion
criteria were any post-operative patient in the obstetrics ward
with at least one direct observation of the surgical wound on
rounds. Exclusion criteria were those patients operated on
during this time period with no observation on patient ward
rounds. Two inpatient infection surveillance strategies were
utilized. Direct follow-up was defined as patient outcome
data obtained during the direct every-other-day follow-up of
patients during ward rounds. Chart review only was defined
as patient outcome data obtained only from review of hospital
records. For comparison, a true rate was compiled, incorpo-

rating both an inpatient (direct follow-up) and outpatient
(chart review) surveillance approach, 30 days after discharge
(Fig. 1). Primary and secondary outcomes were calculated for
all patients from both surveillance methods. During the same
time period (August 15 to September 23, 2016), we reviewed
the written hospital charts after patient discharge for all pa-
tients whose operation was observed and captured in the
main, orthopedic, and pediatric OT by the data collectors
during the baseline period. A visiting surgical research fel-
low ( JAF) attended bi-weekly patient ward rounds to assess
charting accuracy.

Table 1. Infection Prevention Standards: Measurements and Specifics to Operating Theater Environment

Process standards Quantitative measures

OT specific processes

Main Obstetric

Appropriate skin
preparation

Surgeon’s hands Surgeon’s hands
� Enters the operation theater

(OT) with wet hands, in
sterile form

� If alcohol solution used on
hands before gowning

� Materials available for
hand washing

� Plain soap and
water – ethanol-based
solution

� Ethanol-based solution only
(no running water)

Surgical site Surgical site
� Material used for patient

skin preparation
� Decontaminated with povidone iodine, an ethanol-based

solution, or a combination

Maintenance of
sterile field

Gowns/drapes Gowns/Drapes
� Visual assessment of holes,

tears, or violations of
sterile field

� Hamd washed and air-dried. Sterilization in Main OT

Gloves Gloves
� Use of new sterile gloves � New surgical gloves used for all operations

Instrument
decontamination
and sterilizationa,b

� Visual confirmation of color
change from sterile
indicator inside all
instrument trays and gown/
drape packs used in
surgical procedures

� Confirmation of no wet
instruments or gown/drape
packs (‘‘wet packs’’) used
in surgical proceures

Decontamination
� 10 min soak in 0.5% sodium hypochlorite solution (bleach)
� Brush scrub in a tap water and powdered laundry detergent

solution
� Rinse with tap water

Sterilization
� Gravity displacement steam

autoclave
� Table top steam autoclave

Prophylactic
antibiotic
administrationc

� Confirmation of time and
location of antibiotic
administration

� Type of antibiotic(s)
agent(s) (abx)

� If the patient is on
scheduled abx

Clean & Clean Contaminated Caesarean section
� abx delivered in the OT

holding area
� Ampicillin delivered in

either the holding area or
OT

Contaminated & Dirty Suspected uterine rupture
� abx started on admission � abx started on admission

Standardized
swab counts

� Visual confirmation of
gauze counts (pre- and
post-operative)

� Number of gauze per count

� Standardized count between scrub nurse and circulating nurse

Use of the Surgical
Safety Checklist

� Announcement of operation
before skin incision

� Introduction of all team
members

� Announcement of
estimated blood loss (EBL)

� No adaptation of WHO Surgical Safety Checklist

aNo distilled water available in maternity during study period.
bNo processes for confirming autoclave function besides class 1 indicator color change on outside of packages.
cClean, clean contaminated, and dirty are based on standardized definitions.42,43
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Direct consent from patients was not required because the
intervention is a quality improvement strategy that does not
introduce new clinical methods or involve any direct risk to
patients. The study was approved by the Institutional Review
Boards at Stanford University and the College of Health
Sciences at Jimma University. A Student t test was used to
compare average hospital length of stay between those with
and without infection, and p < 0.05 was considered signifi-
cant. Microsoft Excel (Microsoft, 2013, Redmond, WA) was
used for all statistical analysis.

Results

There were 65 total operations in the obstetric OT during
the 12-day observational period of which we were able to
directly observe 50 patients on ward rounds. Patients aver-
aged 28 years (range 18–40), with the majority being emer-
gency operations (76%); 90% underwent cesarean section
with the most common indications being obstructed labor
(n = 10), poor presentation (n = 9), and fetal distress (n = 7)
(Table 3). Through direct follow-up on ward rounds, the post-
operative infectious complication rate was 36% (superficial
SSI 10%, deep space SSI 4%, endometritis 20%, mastitis
2%), with three re-operations and one death. Using chart
review alone, 14 (28%) patients were lost to follow-up, and of
those whose charts were available for review, we noted a
post-operative infectious complication rate of 33.3% (11.1%
SSI, 19.4% endometritis, and 2.78% unspecified HAI) and
one re-operation (Fig. 1).

Combining inpatient direct follow-up with post-discharge
chart review, we noted a post-operative infectious compli-
cation rate of 44% (superficial SSI 10%, deep space SSI 4%,
endometritis 26%, mastitis 2%), with three re-operations and
one death. Overall post-operative average length of hospital
stay was 5.81 days –1.82 with a significant difference be-
tween those with (8.94 days –3.71) and those without post-
operative infectious complications (3.43 days –0.85); p =
0.0068 (Table 3).

When comparing the directly observed follow-up group
with the charted documentation from this same cohort of
patients, there were marked differences in patient outcome
because of loss to follow-up and documentation errors. Of the
28% of patients lost to follow-up because of missing charts,
there was substantial morbidity and death captured by di-
rect follow-up: SSI (n = 2), endometritis (n = 3), re-operations
(n = 2), death (n = 1). Of the 36 patients with successful chart
review, eight patient charts (22%) had no discharge sum-
mary, and two patient charts (5.56%) failed to mention ob-
served infectious complications (SSI [n = 1], mastitis [n = 1]);
however, three patient charts (8.3%) revealed a previously

Table 2. Patient Demographics

Characteristic

Baseline
chart

review
group

(N = 137)

Obstetric
direct

follow-up
group

(N = 50)

Age, y 38 – 18.6 28 – 6.07
% Female 56.2% [ 77] 100% [50]
Procedure urgency

Elective 83.2% [114] 24% [12]
Emergency 16.8% [ 23] 76% [38]
Indication for cesarean

section (if applicable)
(N = 10) (N = 50)

Obstructed labor 1 10
Poor presentation 1 9
Fetal distress 1 7
Previous cesarean section 2 4
Cord prolapse 1 2
Failed induction 2 2
Pre-eclampsia/eclampsia - 1
Uterine rupture - 1
Ante-partum hemorrhage 1 1
Multiple gestation - 1
Other reason - 2
Unknown - 4

FIG. 1. Obstetrics surgical infection surveillance method. SSI = surgical site infection; HAI = hospital-acquired infection.
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undiagnosed infectious complication not identified during
direct ward rounds (endometritis [n = 3]) (Fig. 1).

Among the patients undergoing a surgical procedure in the
main, obstetrics, and pediatric OT, we directly observed 137
operations (89.8% in main/pediatric OT, 10.2% in obstetrics
OT). Patients were majority female (56.2%), average age 38
years (range 8 months–85 years), and primarily consisting of
elective operations (83.2%); the most common pre-operative
diagnoses were bladder outlet obstruction from benign
prostatic hypertrophy (n = 19), obstetrics (n = 15), and thyroid
pathology (n = 14) (Table 2). Of these, 42 (30.7%) patients
were lost to follow-up because of missing medical charts.
Review of the 95 available medical records identified a 17%
post-operative infectious complication rate (5% SSI, 4%
unspecified HAI, 3% UTI, 2% PNA), with one re-operation
and one death (Table 4). Overall post-operative average
length of hospital stay was 5.46 days –1.42 with a significant

difference between those with (9.36 days –5.69) and those
without post-operative infectious complications (4.78 days
–1.36), p = 0.02 (Table 4). Scrutiny during observed ward
rounds revealed multiple documentation inconsistencies in-
cluding failure to record suture removal to open infected
wounds, initiation of antibiotic agents without documented
indications, UTIs, wound dehiscence, and SSIs.

Discussion

There are few studies of SSI surveillance methods in
sub-Saharan Africa, although combining surveillance with a
surgical infection prevention quality improvement program
is essential [13,24,25]. Our study investigating surgical in-
fection surveillance methods in a group of obstetrics patients
found a substantially higher rate of post-operative infec-
tious complications detected using direct inpatient follow-up
combined with chart review compared with retrospective
chart review alone (44% vs. 36%). The rate of SSIs (14% vs.
11%), re-operations (6% vs. 3%), and death (2% vs. 0%) were
all markedly higher with direct follow-up compared with
retrospective chart review in this obstetrics group. The results
demonstrate that within the prospectively observed obstetric
patients, there was a significant increased post-operative
length of stay in those with infectious complications, dem-
onstrated also in the larger baseline group.

The patient outcome differences between the two follow-
up strategies demonstrate that effective inpatient surgical
infection surveillance requires a component of direct follow-
up, necessitating clinical skill and training. Within the ob-
stetrics cohort, loss to follow-up was the largest contributor to
patient outcome differences, representing 23.8% of the total
post-operative infectious complications, along with two re-
operations and one death. Documentation errors, detected
through direct follow-up with subsequent retrospective chart
review, accounted for a lost capture of almost 10% of the
total post-operative infectious complications. The recorded
5% SSI rate of the baseline chart review only group is much
lower than reported previously in Ethiopia and likely un-
derrepresented because of the 30.7% lost to follow-up and

Table 3. Patient Outcomes for Obstetrics Group

Outcome
Direct follow-up
(N = 50) % (N)

Chart review only
(N = 36) % (N)

‘‘True Rate’’ Direct
follow-up + chart

review (N = 50) % (N)

Post-operative infectious complication 36% (18) 33.3% (12) 44% (22)
SSI 14% ( 7) 11.1% ( 4) 14% ( 7)
Unspecified hospital-acquired infection - 2.78% ( 1) 2% ( 1)
Urinary tract infection - - -
Hospital-acquired pneumonia - - -
Post-partum endometritis 20% (10) 19.4% ( 7) 26% (13)
Mastitis 2% ( 1) - 2% ( 1)

Average length of stay (d – CI) 5.81 – 1.82
No infectious complication 3.43 – 0.85*
Post-operative infectious complication 8.94 – 3.71*

Re-operations 6% ( 3) 2.78% ( 1) 6% ( 3)
Death 2% ( 1) - 2% ( 1)

*p = 0.0068.
SSI = surgical site infection; CI = confidence interval.

Table 4. Patient Outcomes

for Baseline Chart Review Group

Outcome

Chart review
only (N = 95)

Missing
42 charts %

Post-operative infectious complication 17%
SSI 5%
Unspecified hospital-acquired infection 4%
Urinary tract infection 3%
Hospital-acquired pneumonia 2%
Postpartum endometritis 2%
Mastitis -

Average length of stay (d – CI) 5.46 – 1.42
No infectious complication 4.78 – 1.36*
Post-operative infectious complication 9.36 – 5.69*

Re-operations 1%
Death 1%

*p = 0.0215.
SSI = surgical site infection; CI = confidence interval.
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potential documentation inconsistencies [16–20]. Direct
follow-up is critical because it improves surgical infection
surveillance accuracy, avoids loss to follow-up, and reduces
the impact of documentation inconsistency.

The 14% SSI rate for the direct follow-up group in the
obstetrics ward is similar to that reported previously at JUSH
and among the highest reported for SSI surveillance studies in
sub-Saharan Africa of cesarean section patients utilizing di-
rect follow-up (4.9% to 16.4%) [21.26–35]. Our direct fol-
low–up group consisted of majority obstetric emergencies,
with obstructed labor accounting for the most common in-
dication for cesarean section. This finding is similar to those
reported previously in sub-Saharan Africa [36,37]. Patient
loss to follow-up is similar, although our captured SSI rate is
higher compared with other sub-Saharan African studies on
SSI after cesarean section [38].

Post-cesarean endometritis accounted for a quarter of total
post-operative infectious complications in the direct follow-
up group. Our findings are substantially higher than historical
rates (6%–18%) and different from most studies of infec-
tious complications after cesarean section, with SSI being the
most common [39,40]. There are multiple factors that could
contribute to the elevated incidence of post-cesarean endo-
metritis at our site, although we hypothesize that the pro-
phylactic antibiotic choice could represent a particular risk
factor. Ampicillin was the prophylactic antibiotic agent ad-
ministered for cesarean sections at JUSH during this study
period, which is insufficient coverage for the responsible
bacterial flora. Published data on cultures from wound in-
fections at JUSH demonstrated a high resistance to ampicil-
lin (Staphylococcus aureus 91.8%, gram negative bacteria
57.1%–100%) [19].

There are important differences between JUSH during
this study period and other sub-Saharan Africa studies uti-
lizing prospective observational methods for SSI surveil-
lance. In Rwanda, there was an implementation of infection
prevention control strategies before the study period, and at
all Medecins sans Frontieres sites, reliable electricity, clean
water, and sterilization units were present [26,27]. At JUSH,
this patient outcome follow-up comparison occurred before
our infection prevention intervention. In addition, at JUSH,
there is poor reliability of electricity and lack of running
water in the obstetrics ward, which impacts patient care.

An ideal surgical infection surveillance strategy should
incorporate inpatient direct follow-up and a post-discharge
follow-up component. Importantly, in our cohort, of patients
with post-cesarean endometritis, 23% received the diagnosis
after discharge. We used retrospective chart review to help
capture outpatient infectious complications, although other
options are feasible. Chart review is important for high-
lighting potential surrogate markers for surgical infections,
including duration of antibiotic prescription post-operatively
and hospital length of stay. Chart review alone, however,
underrepresents post-operative complications because of
loss to follow-up and inaccurate charting. Outpatient surgical
infection surveillance is challenging at JUSH given the high
percentage of rural patients, poor cellular telephone access,
and small percentage with reliable internet access [41].
Therefore, an infection surveillance strategy that incorpo-
rates inpatient surveillance using direct and indirect methods
in combination with a reliable outpatient surveillance method
is essential.

Limitations

There are a number of limitations to our study. First, the
sample size in the cross-sectional direct follow-up group is
approximately a third the size of the chart review group,
which could potentially overestimate the burden of infectious
complications. Given similar SSI rates during a one-year
prospective study at JUSH, however, this seem unlikely [21].
Second, there are confounders between our two study groups
including differences in patient demographics as well as in
operating theater environments. The larger chart review only
group consisted of mainly elective general surgical opera-
tions compared with the majority emergency obstetric oper-
ations in the obstetrics cohort. A higher baseline infection
rate in the obstetrics cohort would lead to the notable dif-
ferences between the two groups. In addition, patient co-
morbidities known to increase the risk for development of
post-cesarean endometritis, including premature rupture of
membranes, chorioamnionitis, diabetes, and immunodefi-
ciency, were not recorded. Given similar record keeping
throughout JUSH, the underestimation of infectious com-
plications noted in the obstetrics ward using chart review
indicates a similarly likely underestimation of infectious
complications in the general surgical baseline chart review
group.

Third, endometritis is mainly a clinical diagnosis, which is
inherent to provider bias. Regardless, we argue the impor-
tance for inclusion within infectious complications because
post-cesarean endometritis is similar to an SSI given the or-
gan space violation and re-approximation during the course
of the operation. Last, it is unclear how much impact the
differences in location and resources between the separate
OTs had on patient outcomes. The main OT is located in the
same building as the main central sterile re-processing area,
whereas the obstetric OT is located separately. Importantly,
in the obstetric OT, there is no running water for surgeon
hand scrubbing and, during the study period, they utilized a
different area with different autoclaves for sterile processing.
The points made by creating an internal control and com-
paring chart review only against direct, prospective follow-
up in the obstetric group are still valid, however.

Conclusion

Surgical infections cause substantial morbidity and death.
Simple, reliable, and reproducible surgical infection sur-
veillance methods are crucial for improving patient care. At
our pilot site in Ethiopia, patient loss to follow-up and
poor documentation underestimated overall infectious com-
plications. Direct observation and prospective follow-up are
possible in a resource-limited setting but are time-intensive
and require substantial clinical acumen. For accurate surgi-
cal infection surveillance in LMICs, clinical training coupled
with both inpatient follow-up using direct and indirect meth-
ods and post-discharge follow-up are essential.
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