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Abstract

Introduction

Hospital-acquired infections (HAIs) account for a substantial burden on healthcare systems, with surgical site infections being the
most common. Limited data exist on HAls in low-resource settings, particularly device-associated HAls. This study aimed to char-
acterize the incidence and different types of HAls among patients with surgical infections in Kigali, Rwanda.

Methods

We conducted a prospective, observational study on all patients with surgical infections admitted to a tertiary referral hospital in
Kigali. Patient demographics, clinical features, and outcomes, including HAIs, were analysed. Data on devices associated with HAIs,
such as the use of Foley catheters, intubation outside of the operating theatre, and central lines, were also gathered. The incidence
and types of HAIs were determined.

Results

Over 14 months, 124 patients were admitted and underwent surgery for surgical infections. Appendicitis (n=24, 19%), soft tis-
sue infection (n=27,22%), and abscesses (n=26, 21%) were the most common diagnoses. Seventy-three patients (59%) had co-
morbidities. Sixteen (13%) required postoperative admission to the intensive care unit. The perioperative mortality rate was 10%
(n=13). Thirty-two patients (25%) developed HAls. Urinary tract infections were seen in 2 patients (2%), and 1 patient developed
pneumonia. In total, 30 patients (24%) had SSIs, with 15 (12%) experiencing superficial SSls, 18 (15%) with deep SSIs, and 16 (13%)
with organ-space SSIs. There were no instances of catheter-associated urinary tract infections, ventilator-associated pneumonia,
or central line—associated bloodstream infections.

Conclusions
The incidence of HAIs among patients with surgical infections was high, with surgical site infections being the most prevalent.
Minimizing device exposure is crucial for reducing the risk of other device-related HA.
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Introduction in surgical care leading to infections and primary infections

. . . requiring surgical intervention are common scenarios in
lobally, surgical conditions represent 30% of the dis-

ease burden, and infection is among the most com-
mon indications for surgery in low- and middle-income
countries (LMICs).[1],[2] LMICs bear a disproportionate costs, and high mortality rates.[7],[8] Hospital-acquired in-
burden of emergency Surgical conditions but have inad- fections (HAISs) impose a signiﬁcant burden on healthcare
equate capacities to address these challenges.[3],[4] Delays systems, with surgical site infections (SSIs) being the most

LMICs.[5],[6] Patients who experience surgical infections
face long hospitalizations, prohibitive healthcare-related
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Table 1. Demographics and clinical features of patients
with surgical infections at the time of hospital admission
(N=124)

Variable Value

Age, years (median, IQR) 35 (24-52)

Gender, n (%)
Male 85 (69)
Female 39(31)

Province, n (%)
Kigali 45 (36)
North 32(26)
South 31 (25)
West 14 (11)
East 1(1)
Other 1(1)

Insurance, n (%)
Community based health insurance 102 (82)
Other insurance 15(12)
None 7 (6)
Eﬁﬂ?:e;)ej:;z? ?(;l;)ther hospital 108 (87)
Antibiotics within the past 30 days, n 32 (26)
(%)

Comorbidities, n (%)
Diabetes 8(6)
Gastritis 12 (10)
Hypertension 4(3)
Alcohol 46 (37)
Human immunodeficiency virus 3(2)
Other 6(5)
None 51 (41)
Symptom duration, days (median, IQR*) 7 (3-14)

Continued

common HAI worldwide. The World Health Organization
estimates that the prevalence of SSIs in LMICs is double the
average reported in high-income countries.[8]-[11]

Rwanda, a small landlocked country with a high popu-
lation density and approximately 14.4 million inhabit-
ants,[12] experienced a devastating genocide in 1994, which
decimated its healthcare infrastructure and workforce.
In the aftermath, the Rwandan government embarked on
healthcare system reforms aimed at rebuilding and pro-

Table 1. Continued

Variable Value
Diagnosis, n (%)
Appendicitis 24(19)
Soft tissue infection 27 (22)
Intestinal obstruction 15(12)
Abscess 26 (21)
Peptic ulcer disease perforation 20 (16)
Typhoid 10 (8)
Trauma 2(2)
Antibiotics, n (%)
Any 118(97)
Metronidazole 103 (83)
Ceftriaxone 71 (57)
Cefotaxime 34 (27)
Cloxacillin 17 (14)
Ciprofloxacin 10 (8)
Augmentin 1(1)
Erythromycin 1(1)
Doxycycline 1(1)
ASA physical status class, n (%)
| 37 (34)
Il 45 (41)
1] 25(23)
v 3(3)

ASA, American Society of Anesthesiologists; IQR, interquartile range

*Other comorbidities: smoking (n=2), mental/psychiatric disorder
(n=2), hepatitis C (n=1), urethral stricture (n=1)

viding high-quality, affordable, and accessible healthcare
services.[13] The current healthcare system in Rwanda is
structured such that patients initially seek care at the near-
est health centre before being referred to a district hos-
pital, then to a provincial hospital, and ultimately to a re-
ferral hospital.[14] As of 2018 (when the study reported
herein was conducted), Rwanda had about 60 surgeons,
primarily stationed in provincial and referral hospitals.[15]

To date, data on HAIs in Rwanda are scarce. Previous
studies at the University Teaching Hospital of Kigali (Centre
Hospitalier Universitaire de Kigali, CHUK) have indicated
an SSI incidence of 10%.[16],[17] This study aimed to char-
acterize HAIs in patients with surgical infections in Kigali,
Rwanda, hypothesizing that SSIs would be the most preva-
lent type of HAL
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Table 2. Operative and microbiological characteristics of
patients with surgical infections at the time of hospital
admission (N=124)

Variable Value
Primary surgeon, n (%)
Consultant 64 (53)
Senior resident 50 (41)
Junior resident 7 (6)
Operating theatre start time, n (%)
Weekday 58 (47)
Weeknight 22 (18)
Weekend 44 (35)
Operative duration, minutes (median, 85 (4-135)
IQR)
Procedure, n (%)
Laparotomy 28 (23)
Abscess drainage 29 (23)
Appendectomy 18 (15)
Gastric repair 18 (15)
Bowel resection 15 (12)
Debridement/disarticulation 14(11)
Bowel anastomosis 6(5)
Stoma 11 (9)
Primary bowel repair 8(6)
Adhesiolysis 5(4)
Pathogen isolated, n 56
Escherichia coli 38
Klebsiella spp. 13
Pseudomonas spp. 4
Proteus spp. 4
Other Enterobacteriaceae 2
Acinetobacter spp. 2
ESBL positive, n/N (%) 24/51 (47)

IQR, interquartile range; ESBL, extended-spectrum beta-lactamase

Methods

The study was conducted over a period of 14 months
(August 2018-October 2019) at CHUK, a referral hos-
pital in Kigali that serves a catchment area of 6 million
people.[11] It has a capacity of 560 beds, with 25% al-
located to the surgical department. Surgeons and sur-
gery residents manage a significant burden of emergency
cases, with 70% of general surgery cases classified as ur-
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gent or emergency procedures.[18],[19] Most emergency
operations are performed in a single operating theatre,
and all operations adhere to standard aseptic protocols.

This was a subset analysis from a study evaluating surgi-
cal infections in acute-care surgery patients.[17] Surgical in-
fections encompassed patients with infections at the time of
hospital admission, as well as any patient who developed an
infection during hospitalization. The initial study considered
diagnoses such as appendicitis, typhoid intestinal perfora-
tion, abscess, and soft tissue infection as surgical infections.
We included peptic ulcer disease (PUD), trauma, and com-
plicated intestinal obstruction if these diagnoses were associ-
ated with gangrenous bowel, perforation, inflammatoryfluid,
or more than 12 hours of contaminationfrom a perforated
bowel. Patients who did not undergo surgery or who did not
have a microbiology sample collected at the time of surgery
were excluded. Patients were followed for the duration of
their hospital staysiand contactediat 30 pestoperative days for
follow-up. In this subset analysis, we specifically evaluated all
acute-care‘surgery patients with any of the following surgi-
cal infections at the time of admission: appendicitis, typhoid
intestinal perforation, abscess, soft tissue infection, PUD,
trauma, or complicated .intestinal obstruction (Figure 1).

Each patient with a surgical infection had at least 1 mi-
crobiology specimen collected at the time of surgery. These
specimens were processed in the hospital laboratory to iden-
tify pathogens and resistance patterns using the Kirby-Bau-
er culture and sensitivity methods in accordance with CLSI
(Clinical and Laboratory Standards Institute) standards.[20]

Data were collected on patients demographic in-

formation, clinical features, complications, and out-
comes. Complications included wunplanned reop-
eration, cardiac arrest, venous thromboembolism,
prolonged ventilation, bedsores, and malnutrition,

based on the clinical assessment of the treating clinician.

HAIs were defined as any infection not present at the
time of hospital admission but identified after 48 hours of
hospital admission. Pneumonia and urinary tract infec-
tion (UTI) were defined based on the clinical assessment
of the treating clinician. Device-associated HAIs were de-
fined according to the Centers for Disease Control and
Prevention definitions. Catheter-associated UTI (CAUTTI)
was defined based on the presence of a Foley catheter and
a positive urine culture. Ventilator-associated pneumonia
(VAP) was defined based on an endotracheally intubated
patient with mechanical ventilation and a positive tracheal
aspirate. Central line-associated bloodstream infection
(CLABSI) was defined based on the presence of a cen-
tral line and positive blood cultures. SSIs were defined ac-
cording to the Centers for Disease Control and Prevention
definitions.[21] SSIs were classified as superficial, deep, or
organ-space. Deep SSIs included all cases of fascial dehis-
cence or evisceration. Organ-space SSIs included all intra-
abdominal abscesses and all cases of anastomotic leakage.

Statistical analysis
Data were collected using paper-based forms and entered
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Table 3. Clinical outcomes in patients with surgical
infections at the time of hospital admission (N=124)

Variable Value
In-hospital complications, n (%)
None 79 (64)
Unplanned reoperation 26 (21)
Death 13 (10)
Unplanned reintubation 10 (8)
Cardiac arrest 11(9)
Mechanical ventilation >48 h 12 (10)
Bedsores 4(3)
Malnutrition 4(3)
Venous thromboembolism 1(1)
Hospital-acquired infections, n (%)
Urinary tract infection 2(2)
Catheter-associated urinary tract 0
infection
Pneumonia 1(1)
Ventilator-associated pneumonia 0
Central line-associated bloodstream 0
infection
Any surgical site infection 30 (24)
Superficial surgical site infection 15(12)
Deep surgical site infection 18(15)
Organ space surgical site infection 16 (13)
Length of stay, days (median, IQR) 8(6-18)

(n=129)

IQR, interquartile range

into a REDCap (ResearchrElectronic, Data Capture; Van-
derbilt University, Nashville, TN, USA) database.[22] Data
were analysed using Stata 13 (StataCorp, College Station,
TX; USA): Categorical results were evaluated as frequencies
and percentages. Continuous data were evaluated as medi-
ans and interquartile ranges (IQRs). The primary outcome
was the incidence andstype of HAIs. Secondary outcomes
included SSIs, in-hospital mortality, and 30-day mortality.

Ethical approval and informed consent

Ethical clearance was obtained from the University of Rwan-
da College of Medicine and Health Sciences Institutional
Review Board (Ref: No 333/CMHS IRB/2017), the CHUK
Ethics Committee (Ref: EC/CHUK/484/2017), and the
University of Minnesota Institutional Review Board (Ref:
STUDY00001252). All patients provided informed consent.
Patients had the ability to agree to study participation while
deferring postdischarge follow-up phone calls.

Results

Over a period of 14 months, 191 acute-care surgery patients
with infections were enrolled in the study.[17] Of these, 124
patients had 1 of the following surgical infection diagno-
ses and were included in the subset analysis: appendicitis
(n=24, 19%), typhoid intestinal perforation (n=10, 8%), ab-
scess (n=26, 21%), soft tissue infection (n=27, 22%), PUD
(n=20, 16%), trauma (n=2, 2%), or complicated intestinal
obstruction (n=15, 12%). Among the patients with intesti-
nal obstruction, 9 presented with gangrenous bowels, 3 with
perforation, 3 with purulence or abscess, and 8 with tur-
bid or inflammatory fluid. Of the/20 patients who present-
ed with PUD, 11 had purulence 'or abscess.-Three patients
with PUD perforation presented within 24 hours of symp-
tom onset, and the remainder presented with more than
2 days of symptoms.

Demographic and clinical characteristics of patients in
this subset analysis are presented in Table 1. The majority
of patients (n=85, 69%) were male, and 45 (36%) were from
Kigali. The median age of the patientswas 35 years (IQR, 24-
52). Overall, 46 patients (38%) had no comorbidities, 5 had
diabetes, 4 had HIV; and 52 (43%) were alcohol drinkers. The
most commonly prescribed antibiotics were metronidazole
(n=103, 83%) and third<generation cephalosporins (ceftri-
axone, n=71, 57%; cefotaxime, n=34, 27%). Most patients
were classified as ASA (American Society of Anesthesiolo-
gists) physical status class I (n=37, 34%) or II (n=45, 41%).

Operative details are presented in Table 2. The majority of
operations (n=64, 53%) were performed by consultant sur-
geons. The most commonly performed procedures were ab-
scess drainage (n=29, 23%), exploratory laparotomy (n=28,
23%), appendectomy (n=18, 15%), gastric repair (n=18, 15%),
and bowel resection (n=15, 12%). Pathogens were isolated
from 56 specimens, with Escherichia coli (n=38) and Kleb-
siella spp. (n=13) being the most common isolates. Overall,
24 of 51 isolates (47%) were ESBL (extended-spectrum beta-
lactamase)—positive. Postoperatively, 16 patients (13%) were
admitted to the intensive care unit (Table 3). In total, 45 pa-
tients (36%) developed complications, and 26 patients (21%)
underwent unplanned reoperations. The median length of
hospital stay was 8 days (IQR, 6-18). The majority of patients
(n=106, 86%) were discharged home, whereas 4 patients
(3%) were referred back to the district hospital, and 13 pa-
tients (11%) died in hospital. At 30 days, 81 patients (66%)
were alive, and 15 patients (12%) had died. Thirty-day fol-
low-up information was not available for 26 patients (21%).

Thirty-two patients (26%) developed HAIs. The most com-
mon HAI was SSI (n=30, 24%), with 15 patients (12%) having
superficial SSIs, 18 (15%) with deep SSIs, and 16 (13%) with
organ-space SSIs. Two patients (2%) developed UTIs. A ma-
jority of patients (n=81, 65%) had in situ Foley catheters, but
no CAUTIs were detected. One patient developed pneumo-
nia. Twelve patients (10%) required mechanical ventilation,
but none of these patients developed VAP. Four patients (3%)
had central lines placed, but there were no cases of CLABSL
Table 4 shows the breakdown of different HAIs by diagnosis.
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Table 4. Hospital-acquired infections by diagnosis (N=124)

Skin and Peptic Complicated Typhoid
. Total softtissue Abscess Appendicitis ulcer intestinal intestinal Trauma
Infection type . . . o o
(n=124) infection (n=26) (n=24) disease obstruction perforation (n=2)
(n=27) (n=20) (n=15) (n=10)
Any surgical
site infection 20Px) 5(19) 2(8) 521) 8 (40) 3(20) 5 (50) 2(100)
Superficial 15(12) 5(19) 1(4) 1(4) 3(15) 0 3(30) 2 (100)
Deep 18 (15) 0 0 3(13) 5(25) 3(20) 5 (50) 2 (100)
Organ space 16 (13) 0 1(4) 4(17) 5 (25) 1(7) 4 (40) 1(50)
Any urinary
tract infection 2(2) 0 0 0 1(7) 1(10) 0
Catheter-
as§OC|ated 0 0 0 0 0 0 0
urinary tract
infection
Any pneumonia 1(1) 1(4) 0 0 0 0 0
Ventilator-
associated 0 0 0 0 0 0 0
pneumonia
Central line-
associated
bloodstream Y 2 Y ¢ ¢ ¢ ¢
infection

Values are n (%) or 0.

Discussion

HAIs among surgical patients are a major health concern that
needs further attention in Rwanda. In this study ofpatients
with surgical infections at the time of hospital admission in
Rwanda, the overall rate of HAI was 25%, with the major-
ity being SSIs. This was similar to reports from the World
Health Organization, which found that up to one-third of
patients in LMICs undergoing surgery develop SSIs.[23]

The SSI rate in this study was similar to those of other
studies in LMICs investigating patients with contaminated
or infected wWounds.[24] Patients'with surgical infections are
expected to be at high risk of developing SSIs as they present
withdnfections at the time of admission. Our study sample
included patients with conditions not commonly thought to
be infections (such as trauma and intestinal obstruction), as
these patients presented with advanced disease leading to
infections (infected wounds, gangrenous bowels). The com-
mon use of broad-spectrum antibiotics in this population
may mitigate the development of SSIs but may also contrib-
ute to the development of antibiotic resistance.[17]

No device-related HATs, such as CAUTI, VAP, and CLAB-
SI, were detected in this study. One factor that may contribute
to a relatively low rate of HAIs is the overall low use of inva-
sive devices. Most patients had Foley catheters, but only 10%
of patients were intubated, and only 3% had central lines.
This low rate of device usage contributes to low rates of these
HAIs. However, there is an opportunity to further reduce
risk by avoiding the use of Foley catheters when possible.

The diagnostic criteria for HAIs such as CAUTI, VAP,
and CLABSI included a positive culture result. This may
have affected the ability to detect these infections in our low-
resource setting. In such contexts, providers may be less like-
ly to test for infections because of the cost burden on patients
and the perception that culture results come too late to influ-
ence outcomes. In this setting, culture and sensitivity testing
was used rather than molecular testing, which may have fur-
ther decreased the sensitivity of the testing conducted.

Limitations

This study’s findings provide important data regarding HAIs
in surgical patients presenting to a tertiary referral hospital
in Rwanda with infections at the time of hospital admission.
This study was limited by its single-centre design; neverthe-
less, it has provided novel information regarding HAIs in the
region. Another limitation was reliance on clinical diagnosis
for pneumonia, which could have introduced reporting bias
dependent on chart documentation. Owing to the prospec-
tive data and sample collection, we were uniquely positioned
to isolate and detect pathogens at the time of admission. The
hospital laboratory is capable of performing culture and sen-
sitivity testing for bacterial pathogens. However, advanced
laboratory techniques, such as molecular testing or polymer-
ase chain reaction testing, could broaden the breadth and
scope of pathogens tested.
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