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Abstract

Background
The incidence of spinal epidural abscesses, bloodstream infections, surgical site infections, and ventilator-associated
pneumonia, all of which are linked to anesthesia care, is increasing. The same is true in the Ugandan context; however,
despite being an indication of Infection Prevention and Control (IPC) practice gaps, Ugandan anesthesia provider-IPC
practices have not been objectively assessed before.

Objective
To assess infection prevention and control practices and their associated factors among anesthesia service providers
at health facilities in central Uganda.

Method
This cross-sectional study included 216 anesthesia care service providers in central Uganda. Hospitals and health
center IVs in the region were purposively and randomly sampled, respectively, while anesthesia care service providers
were consecutively sampled and engaged in structured interviews. Data were analyzed using descriptive statistics and
a log-binomial model with 95% confidence and 5% significance.

Results
The optimal IPC practice level was found to be 12%. Being attached to a facility with a dedicated IPC supervisor (aPR = 
3.469), an IPC committee (aPR = 8.588, p = 0.030) that provides dedicated training in IPC for anesthetists (aPR = 2.808),
a very strong IPC culture at the facility (aPR = 6.848), and documented standard procedures for IPC during anesthesia
care (aPR = 5.805) increased the prevalence of optimal IPC practices. Surprisingly, a history of formal training in IPC
reduced optimal IPC practice prevalence (aPR = 0.424).

Conclusions
The proportion of anesthesia service providers in central Uganda who optimally practice infection prevention and
control is low; only one in every 100 does so. Thus, of the reported 670 anesthesia care providers in central Uganda,
about 80 provide care in a manner that guarantees patient safety from potentially fatal nosocomial infections. Given
the steadily increasing surgical volume in Uganda, there may be an increase in the incidence of anesthesia-related
nosocomial infections and perioperative mortality if the status quo is maintained. The IPC practices of anesthesia
providers in central Uganda are almost entirely related to institutional characteristics, implying a need to improve work
policies on IPC for a wider impact on anesthesia infection prevention and control practices.

Introduction
Infection prevention and control (IPC) refers to the procedures, practices, and policies implemented to control and
minimize the transmission of infections (nosocomial) in healthcare settings (Habboush et al., 2023; World Health
Organization [WHO], 2024). Thus, the aim of IPC is nosocomial infection control and prevention, which is imperative
because nosocomial infections are currently one of the greatest threats to public health globally (Melariri et al., 2024;
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Yang et al., 2021; Liu et al., 2023; Nimer, 2022; Sands et al., 2023). More than 100 million cases of nosocomial
infections are registered annually worldwide, and the World Health Organization (WHO) (2026) reported that at least 1
in every 10 patients are affected by nosocomial infections. These infections include sepsis, central line-associated
bloodstream infections (CLABSI), pneumonia, catheter-associated urinary tract infections (CAUTI), surgical site
infections (SSI), osteomyelitis, ventilator-associated pneumonia (VAP), skin and soft tissue infections (SSTI),
meningitis, endocarditis, and peritonitis (Monegro et al., 2023; Yang et al., 2021; Nimer, 2022; Sands et al., 2023). They
cause immense morbidity, necessitating prolonged length of stay, high direct health care costs, and an increased risk
of catastrophic health expenditure (Monegro et al., 2023; Yang et al., 2021; Haddadin et al., 2022). It comes as no
surprise that they are directly associated with approximately 350,000 deaths annually, with at least 1 in 10 patients
diagnosed with a nosocomial infection succumbing to it (WHO, 2022). Therefore, the prevention of nosocomial
infections through optimal IPC practice is a global health priority, especially during the provision of healthcare services
that are associated with a high risk of such infections. One such category of healthcare services is anesthesia care,
which for decades has been known to result in a significant nosocomial disease burden when not aseptically done
(Schmidt et al., 2023; Munoz-Price et al., 2019; Calderwood et al., 2023; Brima et al., 2022).

Infections that directly arise from anesthesia care are considered more severe than those that arise from other forms
of healthcare (Schulz-Stübner et al., 2024). They range from central nervous system infections (CNSI), such as fungal
meningitis, which typically occurs following spinal epidural anesthesia (WHO, 2023; CDC, 2023; Heeba et al., 2024),
spinal epidural abscess (SEA) (Ameer et al., 2023), and central line-associated bloodstream infections (CLABSI)
(Durgesh et al., 2023; Haddadin et al., 2022; Allahbachayo, 2022). In addition to severe respiratory tract infections
(RTIs) (Chen et al., 2021; Cifuentes et al., 2022), aseptic meningitis and streptococcal necrotizing fasciitis are caused
by peripheral nerve blocks (Schulz-Stübner et al., 2024). Anesthesia-related nosocomial infections are associated with
severe morbidity and a very high mortality risk (Ameer et al., 2023; Schwab and Shah, 2020) and occur following
access to the subarachnoid, epidural, or peripheral nerve tissue and its surroundings during anesthesia (Schulz-Stübner
et al., 2024).

It has been established that most of the microorganisms that cause infection during or following anesthesia are from
exogenous sources, notably from the flora of the anesthesia service provider and from the use of non-aseptic
equipment (Schulz-Stübner et al., 2024; Sharma et al., 2020). Thus, optimal IPC practice on the part of anesthesia
service providers is currently important, and global targets include an increase in surgical volume and reduction in
perioperative mortality (Zadey et al., 2023; Davies et al., 2021; Shirley and Wamai, 2022). Sadly, it has been reported
that such IPC practices are suboptimal, especially in low- and middle-income countries, where the nosocomial infection
burden is disproportionate (WHO, 2026), along with an increase in antimicrobial resistance, a leading cause of silent
mortality in such countries (Osena et al., 2025). While there is still little quantitative documentation of the level of IPC
practice optimality among anesthesia care providers, evidence from sub-Saharan Africa indicates that less than half of
them optimally practice IPC (Yetneberk et al., 2021). Hailu et al. (2023) reported that anesthesia care providers are
most likely to contaminate the hospital environment, further indicating gaps in their IPC practices. Although not
quantified and published, anesthesia-related nosocomial infections are routinely registered in several health centers in
central Uganda, where most anesthesia providers operate. Epidural abscesses and CLABSI are reportedly non-rare
among patients who receive spinal anesthesia, which is one of the most common forms of anesthesia used (Olawin
and Das, 2022; Tawfeeq et al., 2023). An estimated 7–36% of postoperative patients at hospitals (public and private)
(Atumanyire et al., 2023) in central Uganda are routinely diagnosed with surgical site infections following general
anesthesia. Some anesthesia care providers in central Uganda could probably have IPC practice gaps, yet several
studies have assessed IPC practices in Uganda (e.g., Greco & Magombe, 2011; Ssekitoleko et al., 2020; Seni et al.,
2013; Opollo et al., 2021; Asasiira et al., 2023) but did not focus on anesthesia care providers. Therefore, there was
justification for assessing IPC practices among anesthesia service providers at health facilities in central Uganda.
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Methodology
Study design

An analytical cross-sectional design was used for this study, given that the assessment of IPC practices during
anesthesia care provision is best performed quantitatively, as has been the case in many studies that have had such a
scope of study (Alemayehu et al., 2022; Abdi et al., 2024; Yosef, 2023; Alhassan et al., 2021; Abalkhail et al., 2021; Abu
Awwad et al., 2023; Mudenda et al., 2023). The study involved descriptive analysis of IPC practices and inferential
analysis of their association with selected intrapersonal characteristics of anesthesia service providers. These two
processes are supported by an analytical cross-sectional design (Delgado-Rodriguez and Llorca, 2004; Lorraine et al.,
2015; Thomas, 2023), hence this design is the most suitable for this study. All data (exposure and outcome) were
collected simultaneously from each anesthesia provider at the same time. 

Study area

The study was conducted in central Uganda, which comprises 26 districts, including Buikwe, Bukomansimbi,
Butambala, Gomba, Kalangala, Kalungu, Kyotera, Lwengo, Lyantonde, Masaka, Mpigi, Rakai, Sembabule, Wakiso,
Buvuma, Kassanda, Kayunga, Kiboga, Kyankwanzi, Luwero, Mityana, Mubende, Mukono, Nakaseke, and Nakasongola.
The central region was chosen as the study area because it is not only the operational area for 75% of all
anesthesiologists in the country, but also has some cases of anesthesia-related nosocomial infections (Association of
Anesthesiologists of Uganda, 2022b). The entire region was considered in the geographical scope of this study,
premised on the fact that facilities at center IV and general hospital levels each have fewer than five anesthetists,
implying that sample size obtainment could be guaranteed with the whole region considered in the study scope. The
central region is composed of two sub-regions, including central 1 and central 2, of which central 1 has 294 clinics, 422
health center II’s, 310 health center IIIs, 33 health center IV’s, 28 general hospitals, one regional referral hospital, and
two national referral hospitals  (Ministry of Health, 2018). Central 2 has 91 clinics, 316 health centers, 140 health
centers, 22 health centers, 12 hospitals, and one regional referral hospital. As anesthesia service providers typically
work at health center IV and hospital-level facilities, the sampling frame of health facilities in central Uganda had 55
health center IVs, 40 hospitals, and 2 regional referral hospitals (Ministry of Health, 2018). Both private and public
health facilities were considered in this study because many anesthesia service providers work in either or both
categories of health facilities (Law et al., 2021; Association of Anesthesiologists of Uganda, 2022b). 

Study population

The study population consisted of anesthesia care service providers (both physician and non-physician anesthetists)
attached to health facilities in central Uganda. Both categories of anesthesia care service providers were included in
the study, premised on the fact that, while physician anesthesia service providers are the most fundamental providers
of anesthesia for cases of all levels of complexity, they are sparsely populated in Uganda (Anesthesiologists of
Uganda, 2022). This leaves non-physician anesthesia care service providers the main providers of the larger volume of
anesthesia care in Uganda (Association of Anesthesiologists of Uganda, 2022). They also ought to optimally practice
IPC when delivering care, as their physician counterparts ought to. The study included anesthesia care service
providers who had provided anesthesia care at any sampled health facility in central Uganda for at least six months.
That was based on the presumption that a six-month period is sufficient to influence or modify the IPC practices of a
given anesthesia service provider. Therefore, by including service providers who had spent six months or more, there
was high certainty that the findings on IPC from each service provider were significantly attributable and contextual to
central Uganda. The study excluded anesthesia care service providers who, when prompted, declared that they did not
have at least 30 minutes to spare for an interview. Eleven anesthesia care providers were excluded from the study. 
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Sample size

The sample size for this study was determined using Yamane’s (1977) formula, given that the population of anesthesia
service providers in Uganda is known as well as an estimate of their population size in central Uganda
(Anesthesiologists of Uganda, 2022b). The Anesthesiologists of Uganda (2022b) estimated that Uganda has 70
anesthesia specialists (physician anesthesia service providers), more than 75% of whom are based and work in
Kampala City. A recent study by Bulamba et al. (2022) also reported that there are approximately 600 non-physician
anesthesia care providers in the country, a considerable proportion of whom are based in the central region. Therefore,
using the formula by Yamane (1977) to estimate the sample size was suitable, given that the population size is known
and there is no documented prevalence of IPC practice prevalence among anesthesia providers in the country. The
formula is given by;  n = (Z)2 (𝜋)(1−𝜋) (N) / (Z)2(𝜋) (1− 𝜋) + (N)I2 Where; 𝜋 = population variance from the
Dichotomous Variable equal to 0.50, z = z score at significance level 𝛼 (where z = 2 at 𝛼 = 0.05 and z = 3 at 𝛼 =
0.01), N = The estimated existing workforce of non-physician and physician service providers in central Uganda   ≈ 670
(Bulamba et al., 2022) and e = Margin of error = 0.05. Therefore, n = 216 anesthesia service providers

Sampling procedures

As noted earlier in the study area section, the health system in central Uganda is composed of 55 health center IVs, 40
hospitals, and three national referral hospitals (Ministry of Health, 2018). Therefore, to ensure high odds of obtaining
the required sample size (216), all 42 hospitals had to be purposively sampled, on the premise that they are high-
volume facilities with the largest number of anesthesia service providers in the central region. However, for health
center IVs, simple random sampling was used to sample 75% of them using a lottery approach. To conduct simple
random sampling, a numbered list of the health center IVs was made, and each of those numbers was noted on pieces
of paper that were folded to conceal the numbers and put in a box. The box was shaken to ruffle the pieces of paper
therein, and after every episode of ruffling, one piece of paper was picked, and that process was completed until 41 of
those pieces were ultimately picked. 

Therefore, in total, the study was conducted at 83 health facilities in the central region, 41 of which were health center
IV’s and 42 of which were hospitals (with two national referral hospitals). Given that, on average, there are about three
to four anesthesia service providers per facility at level 4, and up to five of them at the hospital level, a sample size of
216 was obtainable. However, this was only possible with the use of a non-random sampling method when it came to
sampling anesthesia service providers at the facility level. The most suitable non-random sampling method for those
service providers was consecutive sampling, in which each potential respondent was approached, assessed for
eligibility, and if eligible, sampled, and interviewed (Polit and Beck, 2017). Consecutive sampling is considered the best
of all non-random sampling methods when it comes to controlling sampling bias (Polit and Beck, 2017), which was
used in this study because of the small population size of anesthesia service providers targeted (about 470), almost
half of whom were needed as respondents. Therefore, random sampling was inappropriate.

Data collection techniques

Knowledge, attitude, and practice assessments are typically quantitative, and are conducted using multiple-choice
questions (Xu et al., 2021; Hartmann et al., 2022; Jones et al., 1998; World Health Organization, 1988; Andrade et al.,
2020; World Health Organization, 2008). Therefore, since closed-ended questions were asked, the most suitable data
collection method was structured interviews. Structured interviews involve asking closed-ended questions along with a
predetermined set of response questions per question, from which a respondent chooses what they view as
appropriate (Bergelson et al., 2022). Therefore, with structured interviews, all 216 anesthesia service providers were
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asked the same set of questions, without any deviation, hence guaranteeing no interview bias and hence high findings
reliability (Bergelson, Tracy, and Takacs, 2022; Levashina et al., 2014). 

All data collected were captured using a structured questionnaire, in which the questions were arranged in sections
covering socio-demographics / intrapersonal (Part A),  anesthesia IPC practice assessment (Part B), and Institutional
characteristics (Part C). The IPC practice questions were adopted from the anesthesia infection prevention and control
tool developed by Dolan et al. (2013). These items were organized into four domains: hand hygiene and glove use,
personal protective equipment, environmental cleanliness, workflow, and safe injection practices. In addition to the IPC
practice assessment questions, the other section (Section I) had questions that were developed based on the
literature, implying that the questionnaire used (attached as a supplementary file) was not used in any other study.

Measurement of study variables

Each of the 20 IPC practice questions was given a score of 1 for a correct response, implying that each anesthesia
service provider would have to score 16 out of 20 (80%) on each of the assessments. An 80% score is typically
considered indicative of adequate practice, compliance, and even knowledge, since it is above the average of 50%, yet
it does not call for a 100% score (Bloom, 1956; Feleke et al., 2020; Ashebir et al., 2022). Each practice question was
scored as 1, and for questions that assessed the consistency of a given practice, it was the response “Always” that
took that score ( 1). 

Data management and analysis

Each of the IPC practice assessment questions captured earlier in the tool was given a name and a label for the
purpose of entering them into the variable view of SPSS version 25. Each of the labeled variables had its predetermined
codes entered, and thereafter, each of the mobilized questionnaires was serially entered into the data screen of SPSS
version 25 for Windows. After entering all 216 questionnaires, the data screen was manually used to search for any
code entry errors or code entry omissions. After manual perusal, sample descriptive analyses were performed for each
of the entered variables to further confirm the accuracy of data entry and cleanliness of the data.  Once all entries were
ascertained as apt, descriptive analysis was performed for all variables using frequency distributions. In other words,
each of the variables for assessing IPC knowledge, attitudes, and practices were descriptively analyzed, with the
findings for each reported in terms of frequencies and valid percentages. However, as per the suppositions of the
extended version of the KAP model, each of the variables of knowledge, attitude, and practice had the intrapersonal
characteristics of the anesthesia service providers analyzed against them in the bivariable and multivariable analyses. 

Bivariate analysis was performed using a log-binomial model based on the finding that the magnitude of IPC practices
exceeded 10%, as has been observed in previous studies (Alemayehu et al., 2022; Fernandez et al., 2015; Abdi et al.,
2024; Yosef, 2023). The findings at this point were reported in terms of crude prevalence ratios (cPR) with a 95%
confidence interval. All variables that had p-values less than 0.2 were considered for multivariable analysis, at which
stage adjustment for confounders was made. All intrapersonal characteristics that were found to be significant (with p-
values less than 0.05), after being fitted in a multivariate log-binomial model, were considered to be associated with
knowledge, attitude, and practices of infection prevention and control. The findings obtained were reported in terms of
adjusted prevalence ratios along with their confidence intervals.

Results
Sociodemographic characteristics of respondents

Table 1: Sociodemographic characteristics of anesthesia care providers who were sampled
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Variable Categories n = 216

Sex of respondent    

Female 123 56.9

Male 93 43.1

Current age (in completed years)    

20 – 29  53 24.5

30 – 39  94 43.5

40 – 49  52 24.1

50 and above 17 7.9

Marital status    

Married / cohabiting  171 79.2

Never married 37 17.1

Separated 8 3.7

Highest level of education    

Diploma 129 59.7

Graduate 40 18.5

Post-graduate 47 21.8

Category of anesthesia service providers     

Physician anesthetist 76 35.2

Non-physician anesthetists 140 64.8

Duration in providing anesthesia care, in general (years)    

Less than 5 91 42.1

5 – 10 90 41.7

>10  35 16.2

Duration of providing anesthesia care in central Uganda    

Less than 5 years 105 48.6

Between 5 and 10 years 83 38.4

More than 10 years 28 13.0

Most respondents were female (123, 56.9%) and married (171, 79.2%). Almost half of the anesthesia care providers
were aged between 30 and 39 years (94, 43.5%), with a mean age of 34 years. More respondents were educated to the
diploma level (129, 59.7%), and almost two-thirds of them were non-physician anesthetists (140, 64.8%). More than
three-quarters (188, 87.0%) of the anesthesia care providers had previously received formal training in IPC. Most
respondents (176, 81.5%)  were attached to private facilities and the general hospital service level (156, 72.2%). Slightly
more than half of the respondents were attached to health facilities that reportedly did not have all the equipment
required to ensure that anesthesia care service providers execute all necessary IPC protocols (111, 51.4%). Almost half
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of the providers reported that they were attached to facilities whose IPC culture was not so strong (102, 47.2%), and
the majority (148, 68.5%) were attached to facilities that had no documented standard procedures for IPC during
anesthesia care. 

The infection control and prevention practices of anesthesia service providers at health facilities in central Uganda

Table 2: Infection control and prevention practices among anesthesia service providers
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Variable n %

Wash hands before performing invasive procedures (e.g., catheter insertion, epidurals, surgery)    

Yes 216 100.0

Frequency of hand washing     

Always 196* 90.7

Sometimes 16 7.4

Rarely 4 1.9

Frequency of soaking the laryngoscope in a 0.5% chlorine solution    

Always 90* 41.7

Sometimes 31 14.4

Rarely 95 44.0

Frequency of wearing double gloves during airway manipulation    

Always 58* 26.9

Sometimes 44 20.4

Rarely 114 52.8

Frequency of wearing non-sterile gloves during NGT insertion    

Always 166* 76.9

Sometimes 39 18.1

Rarely 11 5.1

Frequency of wearing non-sterile gloves during tracheostomy extubation    

Always 196* 90.7

Sometimes 13 6.0

Rarely 7 3.2

Frequency of non-sterile gloves during Intravenous line insertion    

Always 168* 77.8

Sometimes 18 8.3

Rarely 30 13.9

The frequency of  using the same tray for holding syringes for more than one patient    

Always 21 9.7

Sometimes 39 18.1

Rarely 151 69.9

Never 5* 2.3

The frequency of  refilling a syringe when administering medication to the same patient    
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Always 8 3.7

Sometimes 45 20.8

Rarely 163* 75.5

Scrub hands before conducting spinal and epidural anesthesia    

Yes 212* 98.1

No 4 1.9

Use the aseptic technique for every patient before intravenous administration.    

Yes 190* 88.0

No 26 12.0

Wipe a multi-dose vial with alcohol before use.    

Always 45* 20.8

Sometimes 47 21.8

Rarely 124 57.4

Constantly use a breathing circuit filter and humidifier for every case.    

Yes 91 42.1

No 125* 57.9

Constantly reuse ETT, airway, and suction tips for every case.    

Yes 29 13.4

No 187* 86.6

The time within which antibiotic prophylaxis is administered before an incision is made    

Within two hours 7 3.2

Within an hour 38* 17.6

Within 30 minutes 171 79.2

Frequency of disinfecting the stethoscope after every use.    

Always 74* 74.0

Sometimes 22 22.0

Rarely 4 4.0

Frequency of cleaning the anesthesia machine and face mask with disinfection after every
procedure.

   

Always 80* 80.8

Sometimes 15 15.2

Rarely 4 4.0

Frequency of recapping needles before disposing of them    
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Always 36 16.7

Sometimes 32 14.8

Rarely 148* 68.5

Duration of immersing the laryngoscope in a 0.5% chlorine solution    

Less than  5 minutes 32 14.8

5-10 minutes 123 56.9

More than 10 minutes 59* 27.3

Never 2 .9

Frequency of eating or drinking in the operating room    

Always 1 .5

Sometimes 9 4.2

Rarely 203 94.0

Never 3* 1.4

Do not recap needles before disposing of them.    

Always 137* 63.4

Sometimes 33 15.3

Rarely 46 21.3

Infection control and prevention practices of anesthesia service providers at health facilities in
central Uganda

   

Optimal IPC practice 26 12.0

Suboptimal IPC practice 190 88.0

All anesthesia service providers reported that they washed their hands before performing invasive procedures (e.g.,
catheter insertion, epidurals, and surgery) (216, 100.0), with most of them doing it always (196, 90.7%). However, most
always wore non-sterile gloves during Nasal Gastric Tube (NGT) insertion (166, 76.9%), with almost all of them wearing
non-sterile gloves during tracheal extubation (196, 90.7%), and during intravenous line insertion (168, 77.8%). More
than two-thirds of the respondents rarely used the same tray to hold syringes for more than one patient (151, 69.9%)
and rarely refilled a syringe when administering medication to the same patient (163, 75.5%). Almost all respondents
scrubbed their hands before conducting spinal and epidural anesthesia (212, 98.1%), and the majority used the aseptic
technique for every patient before intravenous cannulation (190, 88.0%). More than three-quarters of the respondents
reported that they administered antibiotic prophylaxis within 30 minutes before an incision (171, 79.2%). More than
half (116, 53.7%) of the anesthesia care service providers reported that they did not clean the anesthesia machine and
face mask with disinfection after every procedure, but the majority of those who did so always engaged in it (80,
80.8%). The other data are shown in Table 2.

Level of IPC practice                                         

The data in Table 2 were quantified according to the measurement approach described in Section 5.8, and the result of
this effect, as shown in Figure 4, indicates that the proportion of anesthesia care providers that optimally practiced
infection prevention and control was 12%.
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Associated factor assessment

Table 3: Factors associated with knowledge, attitude, and infection prevention and control practices 

Variable uPR (95% CI) P-value aPR (95% CI)           P
value

Received formal training in IPC before          

Yes 0.404 (0.187 –
0.873)

0.021 0.424 (0.194
– 0.927)

0.032*  

No 1.000        

The facility has a dedicated supervisor for
infection control and prevention.

         

Yes 3.689 (1.444 –
9.424)

0.006 3.469 (1.347
– 8.935)

0.010*  

No 1.000   1.000    

The health facility has an infection
prevention and control committee.

         

Yes 9.421 (2.284 –
38.871)

0.002 8.588 (2.050
– 35.976)

0.030*  

No 1.000   1.000    

The facility provides dedicated training in
IPC, specifically for anesthetists.

         

Yes 4.062 (1.853 –
8.904)

<0.001 2.808 (1.088
– 7.247)

0.033*  

No 1.000   1.000    

IPC culture at the facility          

Very strong 7.062 (2.778 -
17.948)

<0.001 6.848 (2.675 -
17.530)

<0.001*  

Moderately strong 0.987 (0.244 -
3.987)

0.985 1.006 (0.247 -
4.095

0.993  

Not so strong 1.000        

The facility has documented standard
procedures for IPC during anesthesia
care.

         

Yes 5.908 (2.608 -
13.381)

<0.001 5.805 (2.528 -
13.331)

<0.001*  

No 1.000   1.000    

Six characteristics, five of which are institutionally inclined, had significant associations with IPC practices (Table 3),
and the optimal IPC practice was 58% lower among anesthesia care providers who had received formal training in IPC
before (aPR = 0.424, 95% CI = 0.194–0.927, p = 0.032) compared to those who had not received such training. Optimal
IPC practice was three times higher among anesthesia care providers who were attached to facilities that had a
dedicated supervisor for infection control and prevention (aPR = 3.469, 1.347–8.935, p = 0.010) than among those who
were attached to facilities that did not have a dedicated supervisor. Optimal IPC practice was higher by 8-fold higher
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among anesthesia care providers who were attached to health facilities that had an infection prevention and control
committee (aPR = 8.588, 95% CI = 2.050 - 35.976, p = 0.030) compared to those attached to health facilities that did
not have an IPC committee. It was twice as high among anesthesia care providers who were attached to health
facilities that provided dedicated training in IPC, specifically for anesthetists (2.808, 95% CI = 1.088–7.247, p = 0.033),
and twice as high among anesthesia care providers who were attached to health facilities that had a very strong IPC
culture at the facility (aPR = 6.848, 95% CI = 2.675–17.530, p ≤ 0.001). Optimal IPC practices were also twice as high
among respondents who were attached to facilities that had documented standard procedures for IPC during
anesthesia care (aPR = 5.805, 95% CI = 2.528–13.331, p <0.001).

Discussion
This study found that 12 proportion of anesthesia care providers in central Uganda optimally practiced infection
prevention and control. This finding is also concerning since it implies that only one in every 10 providers complied
with all IPC domains meant to be complied with. The proportion of anesthesia care providers who adequately practiced
IPC in this study is also perhaps one of the lowest reported over the past decade. Studies by Hamid et al. (2017)
(24.6%) in the KSA, Bayleyegn et al. (2017) (36%), Yakob and Lamaro (2015) (33%), Desta et al. (2018) (33%), and Al-
Ahmari et al. (2021) (49.5%) in Ethiopia, Unakal et al. (2017) (44%) in Trinidad and Tobago, Abuduxike et al. (2021)
(46.1%) in Northern Cyprus, and Sarani et al. (2019) (42%) in Iran also reported higher IPC practices. More studies,
including Sarkhell et al. (2023) (41.25%), Al-Ahmari et al. (2021) (49.5%), Adeke et al. (2021) (47.7%), Naji et al. (2022)
(51.6%), Gasaba et al. (2020) (50%), Melesse et al. (2021) (53.6%), and Alhassan et al. (2021) (55%) have also reported
higher IPC practice adequacy. Thus, with an adequate IPC practice level of 12%, which leaves 9 of every 10 anesthesia
service providers not complying with all IPC domains, it may not be surprising to learn that Uganda has one of the
highest perioperative mortality rates (Anderson et al., 2017; Onen et al., 2022; Hewitt-Smith et al., 2018). There are
some justifiably higher proportions of adequate IPC practitioners across the aforementioned studies. Adeke et al.
(2021) were conducted after an outbreak of nosocomial Lassa fever in one of the tertiary hospitals in Nigeria, which
implies that the entire hospital culture was at an all-time high when the study was conducted. The study by Bayleyegn
et al. (2021) was conducted at a Comprehensive Specialized Hospital, which, like such hospitals, is also renowned for
having higher patient safety culture standards compared to non-specialized hospitals, which constituted the majority of
the study areas in the current study. On the other hand, studies such as that by Alhassan et al. (2021) were conducted
among surgeons, who, by virtue of being involved in providing invasive care, can be more cautious in preventing
infection transmission.

The only IPC practice that happened to be universally embraced by anesthesia care providers in central Uganda was
hand hygiene; 100% of them reported complying with it, which was even higher than studies that have previously
reported laudable compliance with hand hygiene (Harun et al., 2023; CDC, 2024; Isse et al., 2024; Nagassar and
Wallace-Sankarsingh, 2025). While this is a laudable practice and can prevent a myriad of nosocomial infections during
surgery, its effect can easily be outweighed by non-compliance with other important IPC practices, such as sterilization,
reuse of ETT, airway, and suction tips for every case, and well-timed antibiotic prophylaxis. Thus, universally complying
with handwashing will not be sufficient to prevent anesthesia-related perioperative mortality in Uganda, further
emphasizing that IPC practices among anesthesia providers are still significantly low.

While the general Knowledge Attitude Practice (KAP) model portrays the associations between Knowledge Attitude
Practice, the extended KAP model also portrays an association between various individual characteristics and each of
the constructs in the KAP model. This theoretical supposition was tested in this study, and the findings revealed that
IPC practice is indeed associated with intrapersonal and institutional characteristics, although institutional factors
featured significantly more. This implies that IPC practices among anesthesia care providers in central Uganda are
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almost entirely influenced by work environment characteristics. Such an outcome was expected given that IPC
behavior is a work policy issue, requires institutional regulation, is related to workplace safety culture, and is driven by
institutional infrastructure status as well (Falana et al., 2024; Rickard et al., 2020; Le et al., 2024; Basu, 2024; Makau
and Muna, 2020).

Evidence from human resource management literature (Hassan Imam et al., 2023; Lee and Shin, 2023; Lucia et al.,
2023; Mphaluwa et al., 2025; Juliarti, 2022) suggests that staff performance and productivity are certainly improved
when there is effective supervision. Supervision and the decentralization of power can promote employee engagement,
motivation, and productivity. The health literature also indicates that such characteristics can promote patient safety
culture and generally improve staff performance (Martin et al., 2021; Seo and Lee, 2022; Alingh et al., 2019), as
supervision can keep staff performance in check, ensuring compliance with all set standards. This explains why the
prevalence of optimal IPC practice was three times higher among anesthesia care providers who were attached to
facilities that had a dedicated supervisor for infection control and prevention. It also explains why the prevalence of
optimal IPC practices was 8-fold higher among anesthesia care providers who were attached to health facilities that
had an infection prevention and control committee. This is because infection prevention and control committees, like
direct supervisors, also oversee all IPC practices in a given health facility (Lee et al., 2024), ensuring that all IPC
moments are fully compliant. In addition to IPC oversight, these committees have also organized periodic IPC training
programs for healthcare workers (Leet al., 2024), which have been reported to improve IPC knowledge and practices
(Yousef et al., 2019; Abdo et al., 2020; Osman et al., 2021; Singh et al., 2023; Harsvardhan et al., 2023). It was not
surprising that anesthesia care providers who were attached to health facilities provided dedicated training in IPC,
specifically for anesthetists, also exhibited twice the prevalence of optimal IPC practice (Table 3).

One of the roles of infection prevention and control committees and health facility administrations, with an interest in
patient safety culture, is the formulation of IPC protocols, policies, and regulations. With good pro-staff leadership,
health facilities usually draw up clear local policies and guidelines to be followed, especially on issues related to
patient safety (Basu, 2024; Makau and Muna, 2020). Such documentation creates a culture of responsibility and
accountability to the extent that all staff members feel obliged to abide by it. In an anesthesia provision context, having
those documents in place can instill the need for high safety and IPC standards among anesthetists, which makes it
more likely to uphold every standard procedure stipulated in IPC, and consequently adequately practice it. Therefore,
the prevalence of optimal IPC practices was five times higher among anesthesia care providers who were attached to
health facilities that had documented standard procedures for IPC during anesthesia care. Facility possession of
standard IPC guidelines is one of the hallmarks of high/proactive patient safety culture maturity levels; with such
maturity or high safety culture, most staff conform to the same culture and adequate practice of IPC. This is supported
by the finding that adequate IPC practice prevalence was six times higher among anesthesia care providers who were
attached to health facilities that had a very strong IPC culture at the facility. Such a safety culture also often does not
come with the provision of safety training to staff, especially anesthesia providers, and that training can guarantee
higher performance, which in a healthcare context can translate into more adequate IPC practices (WHO, 2016; WHO,
2020; Geberemariyam et al., 2018; Anwar et al., 2016; Arinze-Onyia et al., 2018; Al-Ahmari et al., 2021). Consistent with
these studies, the current study also established that anesthesia care providers at facilities whose IPC culture they
rated as very strong exhibited an optimal IPC prevalence that was six times higher than that of their colleagues who
rated it lower.

The only rather surprising finding was that optimal IPC practice was 58% lower among anesthesia care providers who
had received formal training in IPC before, contrary to findings by Yousef et al. (2019), Abdo et al. (2020), Osman et al.
(2021), Singh et al. (2023), and Harsvardhan et al. (2023). Training in IPC is ideally expected to increase practice at
work; however, the fact that it had an inverse relationship with practice means that those who were trained before
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received practical training in IPC and not much of its theoretical side. Anesthesia care providers with a history of IPC
training reception were not optimally knowledgeable about IPC, as reported in previous studies (Yetneberk et al., 2021;
Alemayehu et al., 2022). This knowledge gap certainly affects their practice of IPC (Abalkhail et al., 2021; Abu Awwad
et al., 2023), which can occur even at a facility with an IPC committee, policy documents, and IPC supervisors who do
not focus on IPC knowledge improvement.

Limitations of the study
While the level of IPC practice was reported to be low at 12%, there could have been a chance that some of the
anesthesia care providers exaggerated their practice and inflated it, causing social desirability bias. This is because the
study did not rely on observations but rather on self-reports when assessing IPC practices. However, the principal
investigator and his assistants endeavored to reassure the study participants that the assessment was not meant to
result in a blame game and that it was their valid responses that could be used to possibly show the cause for
interventions meant to augment IPC practice adequacy among anesthesia practitioners in Uganda. This possibly
minimized the cases of exaggeration.

Another limitation is that this study was conducted among anesthesia practitioners in central Uganda, who constitute a
relatively small community of healthcare service providers in Uganda. Therefore, it is possible that some of those who
had already been interviewed communicated to their colleagues about the potential for being sampled, which might
have made them prepare for the interview beforehand. This could have led to an increase in the proportion of
anesthesia care providers who are optimally knowledgeable about IPC.

The total estimated population size of anesthesia service providers in central Uganda, as provided by their governing
bodies, is 670. The sample size for this study was 216, implying that the study sampled approximately one-third of the
participants. However, adjustment for non-response was not performed, yet it could have increased the sample size
proportion, making it more representative. The non-adjustment may have reduced the study power and caused some
cases of type 1 errors.

Conclusion
The proportion of anesthesia service providers in central Uganda who optimally practice infection prevention and
control is low; only one in every 100 does so. Thus, of the reported 670 anesthesia care providers in central Uganda,
about 80 provide care in a manner that guarantees patient safety from potentially fatal nosocomial infections. Given
the steadily increasing surgical volume in Uganda, there may be an increase in the incidence of anesthesia-related
nosocomial infections and perioperative mortality if the status quo is maintained. The IPC practices of anesthesia
providers in central Uganda are almost entirely related to institutional characteristics, implying a need to improve work
policies on IPC for a wider impact on anesthesia infection prevention and control practices. However, at the
intrapersonal level, facilities with anesthesia care providers with a history of IPC training must consider providing IPC
knowledge augmentation training to them. The interventions required will include the inclusion of IPC-aligned topics of
discussion in continuing medical education sessions at each health facility. The CMEs can be designed and set up
every week by facility in-charges, with the key target audience being anesthesia care providers. The need for such
CMEs can be reechoed by the Association of Anesthesiologists of Uganda, which can further influence the cause.
Some of the CME sessions should focus on IPC practice: during the IPC practice-aligned augmentation sessions,
emphasis should be placed on providing theoretical and/or practical sessions to anesthetists, on issues related to the
frequency of soaking the laryngoscope in a 0.5% chlorine solution, wearing of double gloves during airway
manipulation, the frequency of using the same tray for holding syringes for more than one patient, the frequency of
refilling a syringe when administering medication to the same patient, use of a breathing circuit filter and humidifier for
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every case, use of ETT, airway, and suction tips for every case, time within which antibiotic prophylaxis is administered
before an incision is made, and anesthesia machine and face mask use. The association of anesthesiologists in
Uganda should encourage all surgery-providing health facilities to have dedicated IPC supervisors and IPC committees,
as these have been proven to improve IPC practices through the improvement of safety culture.
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Figure 1

The proportion of anesthesia service providers at health facilities in central Uganda who optimally practice infection
prevention and control
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