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Abstract

Background: With many medical equipment in hospitals coming in direct contact with healthcare workers,
patients, technicians, cleaners and sometimes care givers, it is important to pay close attention to their capacity in
harboring potentially harmful pathogens. The goal of this study was to assess the role that medical equipment may
potentially play in hospital acquired infections in four public health facilities in Uganda.

Methods: A cross-sectional study was conducted from December 2017 to January 2018 in four public health
facilities in Uganda. Each piece of equipment from the neonatal department, imaging department or operating
theatre were swabbed at three distinct points: a location in contact with the patient, a location in contact with the
user, and a remote location unlikely to be contacted by either the patient or the user. The swabs were analyzed for
bacterial growth using standard microbiological methods. Seventeen bacterial isolates were randomly selected and
tested for susceptibility/resistance to common antibiotics. The data collected analyzed in STATA version 14.

Results: A total of 192 locations on 65 equipment were swabbed, with 60.4% of these locations testing positive
(116/192). Nearly nine of ten equipment (57/65) tested positive for contamination in at least one location, and two
out of three equipment (67.7%) tested positive in two or more locations. Of the 116 contaminated locations 52.6%
were positive for Bacillus Species, 14.7% were positive for coagulase negative staphylococcus, 12.9% (15/116) were
positive for E. coli, while all other bacterial species had a pooled prevalence of 19.8%. Interestingly, 55% of the
remote locations were contaminated compared to 66% of the user contacted locations and 60% of the patient
contacted locations. Further, 5/17 samples were resistant to at least three of the classes of antibiotics tested
including penicillin, glycylcycline, tetracycline, trimethoprim sulfamethoxazole and urinary anti-infectives.
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Conclusion: These results provides strong support for strengthening overall disinfection/sterilization practices
around medical equipment use in public health facilities in Uganda. There’s also need for further research to make
a direct link to the bacterial isolates identified and cases of infections recorded among patients in similar settings.

Keywords: Medical equipment, Nosocomial infections, Hospital acquired infections, Low and middle-income
countries, Uganda

Background
More than 50% of all deaths in Africa are caused by in-
fectious diseases [1]. In Uganda, bacterial infections
alone were responsible for 26% of all admissions, 23% of
all mortalities and 20% of all deaths in children under
the age of 5 in 2018 [2]. With high numbers of admis-
sion and long patient delays, the risk of transferring in-
fections across patients and health workers is expected
to be high. The burden of nosocomial Infections is esti-
mated to be up to twenty times higher in low-and
middle-income countries (LMICs) than the high income
countries [3]. Some studies conducted in sub-Saharan
Africa reported prevalence rates ranging from 7 to 28%
among patients admitted [3, 4]. A study by Seni et al. in
Mulago National Referral Hospital, Uganda found that
about 10% of patients undergoing surgical procedures
become septic [5]. High incidence of nosocomial infec-
tions consequently increases the mortality and morbidity
of patients especially in vulnerable populations including
pediatrics, pregnant women, surgical patients and those
with chronic illnesses such as HIV/AIDS that lower their
immunity and often time have frequent visits to the
health facilities [6–8].
Several studies have been conducted to identify the

sources of bacterial infections in hospitals. Indeed bac-
terial colonies have been identified at various hospital
environment sites including beddings [9], stethoscopes
[10], computers [11], catheters [12], and other small
electronic devices and instruments used by health
workers [13]. However, little research has been done on
the medical equipment in sub-Saharan Africa and how
they can contribute to the spread of hospital acquired
infections across patients and health workers.
Globally, more than 50,000 different kinds of medical

equipment are estimated to be used on patients every
day in hospitals [14, 15]. Despite their importance in
supporting healthcare service delivery, maintenance and
appropriate management of medical equipment in
LMICs remains a widely recognized challenge. Medical
equipment in LMICs are poorly maintained and many
often neglected [16]. Studies have shown that between
30 and 50% of the equipment in low resource countries
are out of service [17, 18] . Poor medical equipment
maintenance in the region is partly due to lack of trained
medical engineering staff to manage and maintain the

available equipment as well as the highly overwhelmed
healthcare workers by patient numbers [19]. This, com-
bined with the fact that the available equipment is
shared among hundreds of patients, greatly increases the
risk of spread of nosocomial infections or hospital ac-
quired infections between health workers and patients in
health facilities in low resource settings. This increased
risk is associated with several interrelated factors such as
equipment design, user training, user competency, facil-
ity design, water quality, sterilization and disinfectant
quality, infection control policies among others [17].
These risks are magnified in LMICs due to resource lim-
itations manifested through practices such as reusing
and sharing of single use medical devices or consum-
ables as well as poor implementation of risk manage-
ment policies.
The spread of nosocomial infections is worsened by

the emergence of anti-microbial resistant strains of bac-
terial organisms which significantly increase the mortal-
ity and morbidity of bacterial infections as well as the
cost of healthcare [20–22]. Preventing the spread of
nosocomial infections across patients and health workers
is therefore of paramount importance towards reducing
the morbidity and mortality rates in low resourced
countries.
Little research has been done to investigate the role of

medical equipment in the spread of nosocomial infec-
tions in low resource settings. The aim of this study
therefore was to identify bacterial isolates present on
surfaces of medical equipment ready to be used on pa-
tients so as to assess the role of medical equipment as
agents of spread of hospital acquired infections in public
health facilities in Uganda.

Methods
Study setting and sampling
This cross-sectional study was conducted from Decem-
ber 2017 to January 2018, in four public health facilities
located in four geographical regions in Uganda: Gulu
Regional Referral Hospital (Northern Region), with a
bed capacity of 397 and serving 5 districts; Kisenyi
Health Centre IV (Central Region) with a bed capacity
of 50 in a very busy part of Kampala, the capital city;
Mbale Regional Referral Hospital (Eastern Region) with
a bed capacity of 355 and serving 9 districts; and
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Mbarara Regional Referral Hospital (Western Region)
with a bed capacity of 600 and serving 6 districts. The
health facilities were chosen to represent the four differ-
ent regions in Uganda. Each of them has a catchment
area with a population of over 2,000,000 [Uganda MoH].
The study included all equipment that were in good
working conditions in the Operation Theatre, Imaging
Department and Neonatal Department. The study fo-
cused on these three departments because they employ
the majority of equipment and are common across all of
the chosen health facilities. All participants and hospital
administrators gave written consent to participate in this
study.
The different equipment and points of contact used

in this study were identified with the help of unit heads
as well as users and cleaners. The medical equipment
employed in this study were primarily for diagnostics
that had been subject to a disinfection protocol prior to
use on patients. Medical equipment excluded were
those not in use at the time of the study, those that
were in use outside the targeted three departments, and
those that had not been disinfected and considered
ready to be used on patients. Medical instruments such
as syringes, surgical knives, scalpels also were excluded
from the study. All equipment included in the study
had been disinfected within 24 h before collecting
swabs.
Samples were collected from each equipment using

sterile swabs at three points: (i) the point of contact with
patient, (ii) point of contact with the user and (iii) a hard
to reach point which was defined as a point on the sur-
face of equipment unlikely to be touched by neither the
user nor the patient as illustrated in Fig. 1. The study
however included three Overhead Phototherapy ma-
chines which did not have point of contacts with the

patient thus were only swabbed at the points of contact
with the user and the hard to reach points. A total of 65
pieces of equipment were swabbed with 192 total num-
ber of samples collected (62 × 3 + 3 × 2).
After analysis of samples in the case study, the single

most contaminated equipment in each department at
Kisenyi Health Centre IV was included in a control
study. This was one ultrasound machine from the
imaging department, one baby warmer in the Neonatal
department and one anesthesia machine in the theatre
department. This three equipment were thoroughly
disinfected using 70% alcohol with great care to clean all
the three points of contact targeted in the study. A 15-
min time gap was allowed between disinfection and
swab collection.

Analysis of samples
The collected samples were transported to the micro-
biology laboratory for culture in tubes containing Amies
transport medium (Biolab, Budapest, Hungary). These
were packed in biohazard bags and carried in cooler
boxes to the bacteriology laboratory of the Department
of Microbiology at Makerere University College of
Health Sciences. The samples were delivered to the la-
boratory within 24 h after collection and cultured upon
arrival. The Samples were initially cultured on blood
agar and incubated for 24 to 48 h at 37 °C in an incuba-
tor (MEMMERT) which supplies extra ingredients for
accelerated bacterial growth [23, 24]. Samples were sub-
jected to gram stain [25] and investigated using a micro-
scope (Bestscope, Beijing, China) to differentiate the
gram positive bacteria (for example coagulase-negative
staphylococci, S. aureus MRSA, and Bacillus species)
from the gram negative bacteria (for example K. pneu-
moniae, E.coli, P. aeruginosa, Enterococcus species).

Fig. 1 An illustration of a suction machine and the points of contact swabbed in this study (created by authors). The suction tube was swabbed
as the point of contact with the patient, the handle was swabbed as the point of contact with the user, while points on the body of the
equipment close to the bottom were swabbed as hard to reach areas
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These colonies were further cultured on selective media
using MacConkey agar and differential medial using
Mannitol Salt agar to differentiate mannitol fermenting
bacteria and non-mannitol fermenting bacteria for like
Staphylococcus aureus. They were then incubated at
37 °C overnight. Thereafter, the bacterial isolates were
identified using biochemical identification tests including
sulfide indole motility agar for gram negative enteric
bacteria (Enterobacter Species), Triple sugar Iron for
Pseudomonas aeruginosa, Urea agar base for Micrococci
species and Citrate for Escherichia coli. A negative
control swab and a positive control swab for each of the
identified bacterial isolates were included for
verification.
Seventeen bacterial isolates were randomly selected

and tested for susceptibility/resistance to common anti-
biotics. The antibiotics panel was selected based on rec-
ommendations for a standard drug susceptibility test by
Clinical and Laboratory Standard Institute (CLSI) [26].
Tests were performed with the BD phoenix 100 machine
(serial number: PX1302) which performs antimicrobial
susceptibility testing using the broth dilution technique
in which bacteria is exposed to serial dilutions of anti-
microbial agents to determine whether the organisms
are resistant or susceptible to the antimicrobial agent.
The procedure was performed using reagents provided
by the manufacturer and following the manufacturer’s
instruction [27]. Briefly, the procedure was as follows;
Colonies of identified micro-organisms were picked
from the respective media with the tip of an applicator
stick and suspended in the phoenix I.D/inoculum broth
(identification broth) using 0.5 McFarland standard and
vortexed for 5 s. One drop of Antimicrobial Susceptibil-
ity Testing indicator (AST) solution was then added to a
labelled phoenix AST broth tube. Using a pipette, 25 μl
of the bacterial suspension from the I. D tube were
transferred into the AST broth tube and mixed. The
AST broth inoculum was then poured into fill port on
the AST side of the panel (the AST side of the combin-
ation panel contains up to 84 wells with dried antimicro-
bial panels and 1 growth control well). The panels
selected were specific for gram negative and gram-
positive bacteria as previously identified. The panels
were loaded into the machine within 30 min of inocula-
tion and incubated for sixteen hours. The results were
tabulated to indicate the number of bacterial isolates re-
sistant to each drug.

Data analysis
The data obtained was entered into Excel and exported
to STATA version 14 (College Station, Texas, USA) for
analysis. Discrete variables were summarized by their
means and standard deviations whereas categorical vari-
ables were presented as frequencies and percentages.

Multilevel generalized linear models were used with
Generalized Linear Latent and Mixed Models (GLLA
MMs) for univariate analysis of factors associated with
bacterial isolation from samples [28]. A three-level
model was considered which included equipment level,
department level and health facility level. We also speci-
fied the logit link and the binomial family in the GLLA
MM model. The binomial variable for presence/absence
of bacterial isolates on each sample was input as the out-
come variable. The individualized associations of the
health facility, department, point of contact, number of
patients per equipment and number of users per equip-
ment with the outcome was assessed in univariate ana-
lysis. A unique variable was created to test for the
statistical significance of interactions between the vari-
ables that had significant associations to the outcome in
the same model. The Odds ratios with respective 95%
confidence intervals were used to measure the strength
of associations.

Results
As illustrated in Table 1, there were 65 medical equip-
ment investigated in this study. These included;
Anesthetic Machines (8), Baby Warmers (8), Infusion
Pumps (4), Operating Tables (7), Oxygen Concentrator
(13), Patient Monitors (2), Phototherapy Machines (6),
Pulse Oximeter (5), Suction Machines (6), Ultrasound
Machine (5), and one infant weighing Scale. Of this
equipment 30.8% (20/65) were in Mbarara Regional Re-
ferral Hospital, whereas Gulu Regional Referral Hospital
and Mbale Regional Referral Hospital had 26.2% (17/65)
each. The lowest number of equipment was found at
Kisenyi Health Centre IV, 16.7% (11/65). More than half
of the equipment were from the Neonatal Department,
55.4% (35/65), whereas 38.5% (25/65) were from Surgery
Theatre and the remaining 7.7% (5/65) were ultrasound
machines from the Imaging Department. In general,
each piece of equipment served a mean of 29 patients
per week ranging from 2 to 150 and a mean of 8 users
ranging from 1 to 50.
Various choices of disinfectants were used for various

equipment and departments as shown in Table 1. The
rationale for the choice of disinfectants was reported by
the users as “we use what is available.” Some equipment
such as suction machines and oxygen concentrators had
autoclavable parts that get in contact with the patient.
These were also swabbed as points of contact with the
patient.
Nearly nine out of ten of the equipment (57/65) had

bacterial isolates identified from samples taken in at least
one of the three points tested, two out of three equip-
ment (67.7%) tested positive in two or more locations
and 27.7% (18/65) of the equipment had bacteria iso-
lated from samples taken at all three points.
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In total, 192 swabs were collected from all 65 medical
equipment. Of these, 60.4% (116/192) were found colo-
nized with a bacterial microorganism. The prevalence of
bacterial isolates on samples collected from the equip-
ment’s point of Contact with User was 66% (95% CI:
54–78%), which was significantly higher (p-value =
0.025) than that of samples collected from the point of
contact with patient where 60% (95% CI: 47–72%) of the
samples had bacterial microbes present. 55% (95% CI:
43–68%) of the samples collected from the hard to reach
point where also found to have bacterial isolates present.
Of the bacteria found, the most frequent isolates were
Bacillus species 52.6% (61/116), Coagulase negative
staphylococcus 14.7% (17/116) and E Coli 12.9% (15/
192). The colonization of bacterial isolates also varied
across departments as shown in Table 2. Klebsiella
pneumoniae for example, which is commonly known to
cause hospital acquired pneumonia, was most preva-
lently found at the points of contact with the patient
(6.4% of the swabs from this point) and in the neonatal
department (4.8% of the swabs taken from this depart-
ment) which represents a potential risk to babies hospi-
talized in these wards.

In univariate analysis, presence of bacteria isolated
from samples was associated with the categorical vari-
ables; health facility, department and point of contact
from which the sample was collected. Results shown in
Table 3 indicate that swabs taken from equipment in
various health facilities and departments had signifi-
cantly variant odds of testing positive for bacteria. Swabs
from the neonatal department were more than 4 times
more likely to have bacteria than swabs from the
imaging department (p-value < 0.001). The percentage of
samples that were found to have bacterial isolates from
each department were: 73% (77/105) in the Neonatal
Department, 60% (9/15) in the Imaging Department and
42% (30/72) in the Surgery Theatre Department. This
also represents the level of risk to patients and health
workers in each department. Further analysis to
determine interaction between variables indicated that
the interactions between the variables; health facility and
department were not statistically significant (p value =
0.377).
All the 17 samples of bacteria species tested for sus-

ceptibility to antibiotics were resistant to at least four
different kinds of drugs. Table 4 shows the number of

Table 1 Characteristics of medical equipment included in the study. RRH = Regional Referral Hospital, HC4 = Health Centre 4, SD =
Standard Deviation

Characteristics No. of pieces
of equipment

Average No. of users
per equipment # (SD)

Average No. of patients
per week # (SD)

Disinfectant used

Equipment type Anesthetic Machines 8 (12%) 6 (9.65) 24 (13.04) Jik, soap, alcohol, cidex

Baby Warmers 8 (12%) 6 (3.07) 16 (16.94) Jik, soap, alcohol, presept,
chlorhexidine

Infusion Pumps 4 (6%) 6 (0) 35 (0) Jik

Operating Tables 7 (11%) 11 (17.28) 30 (15.02) Jik, soap, alcohol, presept,

Oxygen
Concentrator

13 (20%) 7 (2.02) 19 (19.23) Jik, soap, alcohol, chlorhexidine

Patient Monitors 2 (3%) 18 (17.86) 18 (3.54) Jik, soap, iodine

Phototherapy
Machines

6 (9%) 6 (2.95) 32 (23.58) Jik, soap, alcohol, chlorhexidine

Pulse Oximeter 5 (8%) 8 (1.41) 39 (18.30) Jik, soap, alcohol

Suction Machines 6 (9%) 10 (10.41) 29 (19.20) Jik, soap, alcohol, zedex

Ultrasound Machine 5 (8%) 5 (4.38) 80 (42.43) Jik, soap, alcohol, saraya

Infant weighing
Scale.

1 (2%) 4 6 Jik, presept

Department Theatre 72 (37.5%) 9 (12.48) 25 (15.02) Jik, soap, alcohol, Presept,
cidex, zedex

Imaging 15 (7.8%) 5 (4.38) 80 (42.43) Jik, soap, alcohol, Saraya

Neonatal 105 (54.7%) 7 (2.22) 24 (19.41) Jik, soap, alcohol, Presept,
chlorhexidine, iodine

Health facility Mbarara RRH 60 (31.2%) 6 (1.47) 34 (13.22) Jik, soap, alcohol, Iodine

Gulu RRH 51 (26.6%) 5 (2.52) 17 (21.00) Jik, soap, alcohol, Saraya, zedex,
chlorhexidine

Kisenyi HC 4 33 (17.2%) 5 (3.30) 12 (15.81) Jik, soap, alcohol, Presept

Mbale RRH 48 (25.0%) 14 (13.22) 47 (30.52) Jik, soap, alcohol, cidex
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bacteria colonies resistant to the various antibiotics in-
cluded in the susceptibility test. All the bacterial colonies
tested were resistant to Ampicillin (Penicillin class),
Cephalothin (Cephalosporins class), Cefuroxime (Cepha-
losporins class) and Trimethoprim sulfamethoxazole
class of antibiotics. Further, 5/17 samples were resistant
to at least three of the classes of antibiotics tested in-
cluding penicillin, glycylcycline, tetracycline, trimetho-
prim sulfamethoxazole and urinary anti-infectives.
9 samples were collected in the control study at Kise-

nyi Health Centre IV, of these 6/9 samples had no bac-
terial growth, 2/9 tested positive for bacillus species and
1/9 samples has E coli. Of the three samples that tested
positive for contamination, one (1) was from the point

of contact with the patient and the other two (2) were
from the hard to reach point.

Discussion
The number of equipment found in the four hospitals
varied due to the level of each facility in the Ugandan
healthcare system. Kisenyi Health center is at level four
thus has less equipment than Mbarara, Gulu and Mbale
Regional Referral Hospitals which are at level six.
Mbarara has the biggest regional referral hospital in the
country and therefore had 31% of the equipment in-
cluded in the study. Similarly, the variation in the num-
ber of equipment across departments was dependent on
the number of patients and services offered in the

Table 2 Prevalence of Bacterial Isolates identified in samples collected from the three points-of-contact for the medical equipment
tested and the departments in which they were used. n represents total number of swabs in category

Point of Contact Department

Bacterial
microorganism

Hard to Reach
(n = 65)

User
(n = 65)

Patient
(n = 62)

Neonatal
(n = 105)

Theatre
(n = 72)

Imaging
(n = 15)

Frequency of Isolated
Bacteria (n = 116)

No Bacterial growth 29 (44.6%) 22 (33.8%) 25 (40.3%) 28 (26.7%) 42 (58.3%) 6 (40%)

Gram negative species

Escherichia coli 3 (4.6%) 7 (10.8%) 5 (8.0%) 11 (10.5%) 4 (5.6%) 15 (12.9%)

Klebsiella pneumoniae 1 (1.5%) 2 (3.1%) 4 (6.4%) 5 (4.8%) 1 (1.4%) 1 (6.7%) 7 (6.0%)

Enterobacter species 2 (3.1%) 5 (7.7%) 6 (5.7%) 1 (1.4%) 7 (6.0%)

P. aeruginosa 2 (3.1%) 1 (1.6%) 2 (1.9%) 1 (1.4%) 3 (2.6%)

Gram positive species

Bacillus species 20 (30.8%) 23 (35.4%) 18 (29.0%) 35 (33.3%) 20 (27.8%) 6 (40%) 61 (52.6%)

Coagulase neg. Staph. 8 (12.3%) 4 (6.2%) 5 (8.0%) 13 (12.4%) 2 (2.8%) 2 (13.3%) 17 (14.7%)

Staphylococcus aureus 1 (1.5%) 2 (3.2%) 2 (1.9%) 1 (1.4%) 3 (2.6%)

Micrococcus species 1 (1.5%) 1 (1.6%) 2 (1.9%) 2 (1.7%)

Enterococcus species 1 (1.6%) 1 (0.9%) 1 (0.9%)

Table 3 Association of the variables of health facility, department and point of contact with presence or absence of bacterial
isolates in univariate analysis. OR is Odds ratio, CI is confidence interval, n represents total number of swabs in category

Variable Frequency
(n = 192)

Bacteria Isolated
(n = 116)

No Bacteria isolated
(n = 76)

OR (95% CI) P-Value

Health Facility Mbarara RRH 60 (31.2%) 25 (21.5%) 35 (46.0%) 1

Gulu RRH 51 (26.6%) 32 (27.6%) 19 (25.0%) 2.52 (1.03–6.18) 0.043

Kisenyi HC 4 33 (17.2%) 21 (18.1%) 12 (15.8%) 2.63 (0.95–7.28) 0.063

Mbale RRH 48 (25.0%) 38 (32.8%) 10 (13.2%) 6.07 (2.18–16.87) 0.001

Department Theatre 72 (37.5%) 30 (25.9%) 42 (55.3%) 1

Imaging 15 (7.8%) 9 (7.8%) 6 (7.9%) 2.21 (0.60–8.12) 0.231

Neonatal 105 (54.7%) 77 (66.4%) 28 (36.8%) 4.25 (1.98–9.13) < 0.001

Point of Contact Hard to Reach 65 (33.9%) 36 (31.0%) 29 (38.2%) 1

With Patient 62 (32.2%) 37 (31.9%) 25 (32.9%) 1.26 (0.58–2.72) 0.556

With User 65 (33.9%) 43 (37.1%) 22 (28.9%) 1.70 (0.79–3.70) 0.177

No. of patients per equipment 0.99 (0.98–1.01) 0.940

No of users per equipment 1.01 (0.97–1.05) 0.642
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departments. For instance, the imaging department in
some cases might be limited to one ultrasound machine
serving up to 150 patients per week whereas the neo-
natal department would have several equipment with
each serving one in-patient continuously over long pe-
riods of time. The phototherapy machines used to treat
babies with jaundice, for example, only served 2 babies
in a week.
The study showed that 88% of the medical equipment

were colonized by various bacterial isolates. This is
within the range of other similar studies on contamin-
ation of equipment and devices in hospitals which re-
ported colonization rates ranging from 72 to 95% [10,
11, 13, 29]. The study found that significantly more
samples collected from the neonatal department
(66.4%) were colonized by bacteria than in operation
theatre (25.9%). The significance of pathogens in the
neonatal department was investigated by a study in
Vietnamese pediatric hospitals which found a preva-
lence of 33% among pediatric patients [30], although
studies investigating nosocomial infections among
patients in sub-Saharan Africa show that surgical site
infections are the most prevalent [3]. This is attributed
to open surgical wounds which increase the risk of
patients contracting bloodstream infections [31].
In the control study, 33.3% (3/9) of the samples still

had bacteria despite being disinfected with 70% alcohol
which is one of the most frequently used disinfectant
against infections on hospital surfaces especially in low

resourced health facilities [32]. This study showed that
not all bacteria is destroyed by 70% alcohol even
when properly used, which is similar to previous
studies on the effectiveness of 70% alcohol in disin-
fecting surfaces in hospitals that showed that 36.9%
of surfaces previously disinfected with alcohol tested
positive for bacterial isolates [33]. However, the
prevalence of infections in the control study is much
lower than in the case study where 60.4% of the sam-
ples were infected which shows a lapse in the disin-
fection of these materials.
The isolated bacterial organisms in the case study were

Bacillus species, Coagulase negative staphylococcus, E.
coli, Klebsiella pneumoniae, Enterobacter species,
Pseudomonas aeruginosa, Staphylococcus aureus, Micro-
coccus species and Enterococcus species in that order of
prevalence (Table 2). These have been isolated in other
similar studies although the colonization rates differ
across different study settings. A case study by Seni et al.
in Mulago National Referral Hospital, Uganda concluded
that Staphylococcus aureus were predominantly circulat-
ing in all the surgical wards [34]. Another study investi-
gating the prevalence of bacterial isolates on hospital
surface in Nigeria [35] found the following isolates with
prevalence: Escherichia coli (34.4%), Klebsiella species.
(21.9%), Pseudomonas species. (15.6%), Staphylococcus
species. (12.5%), Proteus species (9.4%). Another similar
study reported that the most common pathogen was En-
terobacter cloacae followed by E. coli, Staphylococcus

Table 4 This table shows the number of bacterial isolates that are resistant to the various antibiotics tested against. NA implies that
the bacterial species were not tested for susceptibility to that particular antibiotics

Bacteria isolates (n = 17)

Antibiotics Acinetobacter
baumannii (n = 1)

Enterobacter
cloacae (n = 1)

Escherichia
coli (n = 6)

Klebsiella
pneumoniae (n = 4)

Pseudomonas
aeruginosa (n = 2)

Staphylococcus
aureus (n = 3)

Amoxicillin-clavulanic acid 1 1 1 3 2 2

Ampicillin 1 1 6 4 2 3

Ceftazidime 0 1 0 1 1 NA

Cephalothin 1 1 6 4 2 NA

Ceftriaxone 0 1 0 1 2 NA

Cefuroxime 1 1 6 4 2 NA

Nitrofurantoin 0 1 0 0 2 0

Cefoxitin 0 0 0 0 0 2

Mupirocin NA NA NA NA NA 3

Oxacillin NA NA NA NA NA 2

Penicillin G NA NA NA NA NA 3

Trimethoprim sulfamethoxazole 1 1 6 4 2 3

Tetracycline NA NA NA NA NA 3

Tigecycline 1 1 0 0 1 NA

Piperacillin Tazobactam 1 0 0 0 1 NA
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aureus and P. aeruginosa [36]. Other studies have
identified; Micrococcus species, Enterococcus Species,
Acinetobacter species., enterococci, coagulase-negative
staphylococci, Bacillus species, Legionella, Proteus mir-
abilis, and Serratia marcescens [37, 38].

Correlation to burden of infectious diseases in Uganda
The leading bacterial infections in Uganda are Pneumo-
nia, acute diarrhoea, septicaemia, urinary tract infections,
bacterial respiratory infections and bacterial meningitis.
Pneumonia accounted for 9% of 1.5 million admissions
recorded in 2018 and is the one the biggest killer for all
ages in Uganda, second to malaria [2].. E. coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa and Staphylococ-
cus aureus are common causes of hospital acquired
pneumonia. In our study, these bacteria were most
prevalent in samples collected from in the neonatal ward
with E-coli being the most prevalent at 10.5% (Table 2),
which illustrates a significant risk for children in admit-
ted in these hospitals to contract hospital acquired pneu-
monia from the equipment.
Acute diarrhoea was the second most prevalent infec-

tious diseases among admitted patients in Uganda with
more than 72,000 reported causes of hospital admission
in 2018. It has been shown that 90% of the cases of acute
diarrhea are caused by microbial infections including vi-
ruses, bacteria and protozoans [39]. The bacterial caus-
ing agents of acute diarrhea that were also isolated in
this study include toxin secreting species of E-coli, and
Staphylococcus aureus have been previously found to
cause acute diarrhea [39, 40].. These were also isolated
on equipment in this study especially in the neonatal de-
partment (Table 2).
Septicaemia is also a common burden especially to

post surgery patients, pregnant mothers and neonates.
Septicemia Blood samples cultured by Kajumbura, 2014
at Makerere University College of Health Sciences
yielded 187 bacterial isolates including 27% coagulase
negative staphylococci, 18% Staphylococcus aureus, 10%
Klebsiella species, 8% E-coli, 8% Enterobacter species,
6% Enterococcus species, 3% Pseudomonas species [41].
Bacillus species can also cause septicemia especially in
patients who are immune-compromised due to HIV
infection [42]. HIV is common in Uganda with more
than 2 million people estimated to be living with HIV
according to the ministry of Health [2].
Urinary Tract infections (UTIs) are especially common

in women due to the proximity of their urethra and anal
orifices. In 2018, more than 1.7 million cases of UTIs
were reported in the OPD section and accounted for 50,
000 admissions in Uganda Hospitals [2]. The leading
cause of UTIs is E-coli accounting for 80% of the cases
[43, 44]. Klebsiella species have also been reported to
cause UTIs [45]. With prevalence rates of 12 and 6% for

Escherichia coli and Klebsiella pneumonia respectively,
Medical equipment pose a significant threat to the
spread of UTI infections among women in Ugandan
Hospitals.
Although upper respiratory tract infections are the most

commonly reported infections in Ugandan hospitals with
prevalence of 27% in OPD attendances, majority (85%) are
caused by viruses such as rhinovirus, coronavirus, respira-
tory syncytial virus and the parainfluenza viruses [46].
Nonetheless, up to 15% of upper respiratory infections
have been reported to be caused by bacterial species in-
cluding S. pyogenes, H. influenza, Corynebacterium diph-
theria, L. pneumophila, Pseudomonas aeruginosa and
Neisseria gonorrhoeae [47]. Pseudomonas aeruginosa was
isolated in 2.6% of the cases identified especially in the
neonatal ward (Table 2).
Bacterial meningitis is relatively uncommon in Uganda

hospitals but has a relatively high death toll with about
500 annual deaths [2]. Bacterial meningitis in pediatrics is
commonly caused by Staphylococci, Streptococci and gram
negative bacilli, while in adults, is commonly caused by S.
pneumoniae and M. tuberculosis and Cryptococcus neofor-
mans [48]. The presence of Streptococcus and Bacillus
species on equipment in the neonatal ward therefore
poses a level of risk for hospital acquired bacterial menin-
gitis among patients in these wards (Table 2).
The AMR test conducted shows that all the species

tested were resistant to at least four variant strains of an-
tibiotics and about 30% were resistant to at least three
classes of antibiotics. A previous study by Sani et al.,
2013 reported 78% multi drug resistance (MDR) from
samples collected in Mulago national referral hospital,
Uganda [5]. While, there was discrepancies likely due to
the small sample space in our study, these results indi-
cate that equipment shared among patients are a serious
threat to the spread of Multi Drug Resistant strains of
bacteria.
Generally, for all equipment, significantly more bac-

teria were isolated from the points of contact with Users
than any other point on the equipment. This can be ex-
plained by the reported inappropriate use of gloves
among health workers such as failure to change gloves
between patients, touching multiple surfaces and pa-
tients with gloves and failure to perform hand hygiene
after use [49]. The results are also probably because the
healthcare workers generally use their hands more than
the patients to touch the equipment, patients, medicine
containers and other hospital surfaces whereas the pa-
tients on get in contact with the equipment as guided by
the health workers. Indeed, approaches to strengthening
medical equipment infection control practices in health
facilities in low resource settings must focus on the
health workers as key actors in the spread of nosocomial
infections.
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The significance difference in colonization rates be-
tween hospitals and departments points towards differ-
ences in infection control practices across the
departments and health facilities. The theatre for ex-
ample is known to have stringent rules on protective
wear, restricted access which contribute to the observed
significantly lower colonization rate. The neonatal de-
partment on the other hand have patients and their care
takers moving about the department which increases the
colonization and spread of bacterial microorganisms as
seen in Table 3.
We also noted high variability in the choice of disin-

fectants for similar equipment even in the same health
facility. This was reportedly due to variations in procure-
ment options although it was not clear why these pro-
curement decisions were made. There was generally a
lack of uniform infection control protocols across de-
partments and health facilities sampled which could also
contribute to the high bacterial colonization rates. Previ-
ous studies have reported that decontamination of
medical equipment with 70% alcohol can reduce the in-
fection rates on medical equipment surfaces by more
than 80% [50], however, low compliance to established
infection control practices in health facilities in low re-
source settings is a major limitation to proper infection
control driven by complacency among health workers
and limited supply of infection control supplies when
working with medical devices [51].

Limitations
Given the small dataset available in this study, it was dif-
ficult to perform elaborate multivariate or multivariable
logistic regression and account for the role of con-
founders. This study did not perform quantitative ana-
lysis of the bacterial colonies found which could have
been useful in comparing various methods of disinfec-
tion used. This was because the laboratory used did not
have any quantitative detection tools such as Rodac
plates at the time of the study. Although internal con-
trols are generally not as strong as external controls, the
control study conducted in this study fulfilled its object-
ive which was to highlight that using recommended in-
fection control practices reduces the number of bacterial
colonies on the medical equipment.

Conclusions
Understanding the role Medical equipment plays in the
spread of hospital acquired infections is extremely im-
portant in public health management since patients and
health workers come into contact with this equipment
very frequently. Nearly 9 of every 10 pieces of medical
equipment tested in this study were positive for bacterial
microorganisms which are associated with common bac-
terial infections in Uganda, and 2 of every 3 pieces of

equipment were contaminated at two or more locations.
While the user and patient contacted locations showed
the highest percentage of contamination (60 and 66%,
respectively), the observation that over half of the re-
mote locations were also contaminated (55%) suggests
that this equipment were not properly disinfected equip-
ment. Further, the bacterial organisms identified were
resistant to multiple antibiotics which indicates a greater
risk of spread of MDR bacterial strains in the commu-
nity. These results provide strong support for strength-
ening overall disinfection/sterilization practices around
medical equipment use in public health facilities in
Uganda. There’s also need for further research to make
a direct link to the bacterial isolates identified and cases
of infections recorded among patients in similar settings.
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