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ABSTRACT

Background: Nontuberculosis mycobacteria (NTM) are environmental pathogens that can cause pulmonary infections, espe-
cially among the immunocompromised population. There is limited research on healthcare professionals’ knowledge of NTM
infections in Ethiopia. This study aimed to evaluate healthcare professionals’ knowledge about NTM infections at Debre Tabor
Comprehensive Specialized Hospital (DTCSH).

Methods: A cross-sectional study was conducted from March 5 to July 30, 2024 at DTCSH to evaluate the knowledge of 292
healthcare professionals on NTM infections. A semi-structured questionnaire was used for data collection, and the data were
analyzed using SPSS version 25. The study's findings were presented through texts, tables, and figures.

Results: Of all the participants, 160 (54.8%) were male, and the majority 153 (52.4%) were 36-45years old. Nurses made up the
largest professional group, 127 (43.5%). Approximately 59% of healthcare professionals showed good knowledge of NTM infec-
tions. In this study, a higher percentage of female [92 (69.7%)] participants demonstrated good knowledge compared to males
[83 out of 160 males (51.9%)]. Similarly, 35 doctors (89.7%) and 80 nurses (63%) demonstrated favorable knowledge. Only 52.4%
could distinguish between NTM and Mycobacterium tuberculosis infections. Notably, 77.4% recognized that NTM infections are
more common in immunocompromised individuals, yet only 20.5% knew that NTM species are not typically treated with anti-
tuberculosis drugs.

Conclusion: The knowledge gaps among healthcare professionals regarding NTM infections necessitate focused educational
initiatives to improve their ability to manage these infections. The focused training is essential for enhancing the management
and identification of NTM infections.

| Introduction tuberculosis (MTB) complex or Mycobacterium leprae. Due

Nontuberculosis mycobacteria (NTM) are environmental op-
portunistic human pathogens commonly found in peat-rich pot-
ting soil and water in buildings and households. They belong
to mycobacterial species that are not part of the Mycobacterium

to their ubiquitous presence in the environment, humans can
acquire NTM infections through inhalation of contaminated
sources [1-3]. Mycobacterial infections, including those caused
by NTM other than the Mycobacterium avium complex (MAC),
have assumed greater importance over the past decade due to
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the changing spectrum of immunosuppression associated with
organ transplantation. Various pathogenic NTMs have been
identified and are associated with a wide variety of localized
organ-specific and systemic infections [4, 5]. Human infection
is mostly caused by the slow-growing MAC, which now includes
MAC subspecies silvaticum, hominissuis, and paratuberculo-
sis, among others. Other common NTM isolated from human
samples include Mycobacterium xenopi, Mycobacterium fortu-
itum complex, Mycobacterium kansasii, and the rapidly growing
Mycobacterium abscessus group (MABS), recently grouped as a
separate clade named Mycobacteriodes abscessus based on phy-
logenetic characteristics [3, 6, 7].

The global incidence of NTM infections is increasing, especially
in developing countries, where socio-economic factors, clinical
data, and disease origins play a significant role. These infections
are more prevalent among individuals with preexisting pulmo-
nary diseases and those with compromised immune systems,
although they can also occur in people without any apparent
risk factors [8]. The epidemiology of NTM revealed variations in
prevalence and incidence in various geographic regions, where
NTM infections are increasingly recognized as significant con-
tributors to pulmonary disease, often complicating the diagnosis
and treatment of TB [9]. NTM infections are rising globally, with
significant increases reported in Asia, particularly in Japan,
South Korea, and Taiwan [10]. In the United States, a multi-
center study indicated a decrease in hospital-onset NTM infec-
tions from 2014 to 2020, yet variability among hospitals persisted
[11]. A study in Nigeria has revealed NTM prevalence of 8.8%
[12]. Similarly, another study on the analysis of NTM in high en-
demic areas of TB found that the prevalence of co-infection with
NTM and TB was 4.2% in TB patients and 7.6% in NTM patients,
highlighting the significant epidemiological overlap [13]. The
prevalence of NTM infections in Ethiopia reveals an important
public health issue, particularly among vulnerable populations
such as those with HIV. The prevalence of NTM infections is
notably high, often misdiagnosed as tuberculosis, complicating
treatment and management strategies. Based on the systematic
review and meta-analysis conducted in sub-Saharan Africa, the
prevalence of pulmonary NTM was 7.5% [14]. Co-infection of
NTM with MTB complicates clinical presentations and leads to
misdiagnosis. While the rising prevalence of NTM poses chal-
lenges for public health, it also highlights the need for enhanced
diagnostic capabilities and treatment strategies to differentiate
between NTM and TB effectively. This dual burden necessitates
a comprehensive approach to managing both infections in clin-
ical settings [8]. Most studies report an increase in pulmonary
NTM infections (82.1%) and diseases (66.7%) globally. The an-
nual rate of change for NTM infection and disease is 4.0% and
4.1%, respectively [15]. The prevalence of NTM infections is no-
tably increasing in cystic fibrosis populations, with a pooled es-
timate of 7.9% [16].

The transmission of NTM is similar to that of tuberculosis (TB)
through aerosol. However, NTM transmission sources are en-
vironmental rather than human or animal, suggesting that
pulmonary NTM (PNTM) is not contagious. The likelihood of
acquiring PNTM increases with exposure to environmental fac-
tors associated with water and soil. The rise of PNTM can be
attributed to advancements in mycobacteria detection methods
and multifactorial factors stemming from the pathogen, host,

and host-pathogen interactions, as well as inadequate disease
management [17-19]. NTM can lead to localized or dissemi-
nated diseases depending on local predispositions and/or im-
mune deficits. Among people living with HIV, various NTM
strains can cause localized pulmonary disease, adenitis, soft
tissue infections, joint and bone infections, bursitis, skin ul-
cers, and generalized disease in individuals such as leukemia or
transplant patients [5, 20, 21].

The identification of these organisms in pulmonary specimens
does not always indicate active infection; supportive radio-
graphic and clinical findings are needed to establish the diag-
nosis [22-24]. NTM are susceptible to harsh decontamination
techniques, making detection difficult for fastidious species like
Mpycobacterium haemophilum and those requiring incubation at
30°C (e.g., Mycobacterium marinum) or 45°C (Mycobacterium xe-
nopi), as well as extremely slow-growing species like M. ulcerans
[7, 25]. The drug susceptibility profile of NTM is usually quite
different from MTB. These organisms are usually sensitive at
high concentrations of antituberculosis drugs; thus, higher cut-
off values for deciding sensitivity/resistance are recommended.
Rapid-growing mycobacteria are usually resistant to rifampicin
and isoniazid (INH) but sensitive to new-generation macrolides
and cephalosporins [7, 26, 27].

Controlling NTM infection can be achieved in part by sig-
nificantly raising awareness among healthcare workers to
heighten their suspicion of patients presenting at their hospi-
tals. Maintaining a high index of suspicion for presumptive TB
cases and cases under treatment is crucial for ruling out NTM
and effectively managing the cases. Healthcare professionals en-
countering NTM infections should be knowledgeable about the
different species of NTM, their clinical presentation, diagnostic
methods (such as culturing and molecular testing), and treat-
ment options. Due to the difficulties in diagnosing and treating
NTM infections, healthcare professionals often collaborate with
microbiologists and infectious disease specialists to ensure ac-
curate diagnosis and proper treatment [1, 28, 29].

Limited research has been conducted on the knowledge of health-
care professionals regarding non-NTM infections in Ethiopia.
This study is significant for enhancing the quality of care, im-
proving patient outcomes, and advancing public health efforts
to address this neglected yet important cause of pulmonary dis-
ease in the country. Many healthcare professionals, including
physicians, nurses, and laboratory staff, may have a limited un-
derstanding of the epidemiology, clinical presentation, diagnos-
tic methods, and treatment options for NTM infections [1, 23].
This knowledge gap can lead to under-recognition of NTM in-
fections, inappropriate use of antibiotics, treatment failures, and
increased healthcare costs. This study emphasized the need for
increased awareness, improved diagnostic capacity, and updated
treatment guidelines for NTM infections among healthcare
professionals. Furthermore, the rising prevalence of NTM in-
fections, particularly in immunocompromised individuals and
those with underlying lung conditions such as bronchiolitis and
cystic fibrosis, underscores [21, 30] the importance of improving
healthcare professionals’ knowledge and expertise in managing
these challenging infections [6, 21]. Currently, there are no pub-
lished studies on this health topic. This cross-sectional survey
aims to provide the first insights into the knowledge state among
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healthcare professionals, specifically in our setting and generally
in Ethiopia. Therefore, this study aimed to assess the knowledge
of NTM infection among healthcare professionals at Debre Tabor
Comprehensive Specialized Hospital (DTCSH). Given the com-
plexity and multifaceted nature of NTM infections, this assess-
ment is crucial for developing effective educational initiatives,
diagnostic strategies, and treatment protocols to enhance the
overall quality of care provided to patients with NTM infections.

2 | Methods and Materials
2.1 | Study Design, Period, and Setting

A cross-sectional study was conducted from March 5 to July 30,
2024, to assess the knowledge of healthcare professionals regard-
ing NTM infection at DTCSH in Northwest Ethiopia. DTCSH is
a key tertiary health facility located in the capital of the South
Gondar Zone, Amhara region, Ethiopia. The hospital is recog-
nized for improving health outcomes through clinical excellence,
community involvement, and research. It addresses key health
challenges, including maternal and child health, infectious dis-
eases, and chronic conditions. In collaboration with Debre Tabor
University, the hospital ensures high-quality care from skilled
professionals, supported by ongoing research and professional de-
velopment. The South Gondar zone encompasses 405 health posts,
96 health facilities, eight basic hospitals, and one comprehensive
specialized hospital. It includes four town administrations and 14
districts. DTCSH employs over 600 healthcare professionals and
has more than 300 beds in various wards, including pediatric,
medical, surgical, and psychiatric units. Debre Tabor is located at
alatitude of 11.850° N, a longitude of 38.017°E, and an elevation of
2706 m (8,878 ft) above sea level.

2.2 | Study Population

All healthcare professionals working at DCSH during the data
collection period were considered as the study population.

2.3 | Eligibility Criteria

The inclusion criteria cover all healthcare professionals who
have been working at the hospital for at least 6 months and who
agreed to take part in the study. However, non-clinical staff who
were not directly involved in patient care, as well as individu-
als without formal education or training in healthcare, were not
included. Healthcare professionals who were on leave during
the data collection period as well as newly hired staff were also
excluded.

2.4 | Sample Size Determination and Sampling
Technique

The sample size for this study was calculated using a single pop-
ulation proportion formula using the following assumptions:

Zj/zxpx(l—p)
dZ

where n=total sample size, z=the standard normal variation at
95% confidence interval, « =1.96, d =margin of error (d =0.05),
p=the proportion of the population with knowledge from the
previous study (24.1%) [1], then, n=(1.96)*x0.24(0.76)/(0.05)?,
n=280.

Adding 5% of the non-response rate, 280X 5/100=14, the total
sample size =280+ 14 =294.

The 5% non-response rate is a reasonable assumption that ac-
counts for minor participant dropout without excessively inflat-
ing the sample size. This approach is based on common practices
in research and effective resource management. It represents a
realistic and attainable expectation for study participation while
maintaining the study's overall efficiency.

Convenience sampling was used to choose participants for this
study. Based on the aim of the study, a variety of healthcare
professionals, including clinicians, nurses, laboratory technolo-
gists, pharmacists, midwives, and other healthcare professionals
working in different departments were conveniently selected.

2.5 | Operational Definition

For this study, a 29-item questionnaire was used to assess the
knowledge of healthcare professionals regarding NTM infec-
tions. Each participant's score was out of a total of 29, which was
then multiplied by 100 to obtain a percentage score. Then, the
knowledge level of participants was operationalized as follows:

1. Good knowledge: Participants who scored 50% or higher on
all knowledge questions. In closed-ended questionnaires,
each correct response was assigned a score of 1, while an
incorrect or uncertain response was scored as 0. In open-
ended or multiple-choice questionnaires, participants who
provided at least one appropriate answer were considered
knowledgeable [1].

2. Poor knowledge: A score of 0 to 49% was considered poor/
unfavorable knowledge [1].

3. A healthcare professional is defined as an individual en-
gaged in activities aimed at enhancing health, such as phy-
sicians, nurses, and other professionals involved in patient
care within the health care sector.

2.6 | Data Collection Techniques and Tools

Prior to collecting data, participants were given written consent
and an information sheet to ensure their voluntary participa-
tion. A well-structured, self-administered questionnaire was de-
veloped by designated authors to gather important data based
on a comprehensive review of the literature, including the World
Health Organization (WHO) guideline towards knowledge, atti-
tude, and practice [31], and included questions on demographic
information, clinical practices, general knowledge, clinical fea-
tures, transmission, diagnosis, treatment, and prevention of
NTM infections. The questionnaire was pre-tested on a small
sample of healthcare professionals working outside of the study
facility (other district hospitals in South Gondar) selected from
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various departments/wards to ensure that it was clear, complete,
and simple. Based on the feedback received, necessary modifi-
cations were made. Trained data collectors (nurses) distributed
the questionnaires to the selected healthcare professionals and
ensured that they had enough time to complete them. The par-
ticipants were guaranteed the confidentiality of their responses.
The overall activity of this study is illustrated in Figure 1.

2.7 | Data Analysis and Data Quality Assurance

The data were entered into SPSS version 26.0 and cleaned for
statistical analysis. Descriptive statistics, such as frequencies,
and percentages were used to summarize the data, which was
presented using text, tables, and figures. To ensure data quality,
the questionnaire was carefully reviewed and modified based
on the authors’ knowledge, experience, and expertise in the
field. Prior to actual data collection, the questionnaire was pre-
tested among healthcare workers in surrounding district hospi-
tals to ensure consistency and completeness. After the pre-test,
the questionnaire was revised to rephrase questions with multi-
ple interpretations, ensuring they were specific and used simple
language to minimize biases as per standard requirements [31].

2.8 | Ethical Considerations
Ethical approval for the study was obtained from Debre Tabor

University's ethical review committee (Reference number:
CHS1849/2024). After explaining the purpose of the study,

Ethical approval from Debre
Tabor University

P 9
Written informed consent
Ethical
Confidentiality and voluntary Consice
participation rations
Right to withdraw
SPSS version 26.0
Descriptive statistics: fi
percentages, means, standard 8 Data
deviations Analysisand
— Quality
Data presentation: text, tables, e

graphs
Pre-tested questionnaire with 5%

of participants for consistency lllustrating the
and completeness methods and
materials of the study

Self-administered questionnaire

questionnaire on demographics,
clinical practices, gensral
knowledge, clinical features,
transmission, diagnosis,
treatment, prevention of NTM
infections

Pre-tested and revised basedon |
feadback

Good knowledge: Score of 50% or
higher 0

|
Poor knowledge: Score below 50%

FIGURE1

ensuring confidentiality, and assuring that participation was
voluntary, written informed consent was obtained from each
participant. The process was conducted using the participant's
study identification number to maintain anonymity. Participants
had the right to withdraw from the study at any time without
consequences.

3 | Results

Two participants were withdrawn from this study due to per-
sonal matters. The overall response rate for this study was 99.3%
(292/294). Most participants were male 160 (54.8%), aged be-
tween 36 and 45years 153 (52.4%), and held a Bachelor's degree
150 (51.4%). The mean age of the healthcare professionals was
37years (37 +1.87) with a range between 23 and 55years. Nurses
formed the largest professional group 127 (43.5%), and the ma-
jority had 11-15years of work experience 116 (39.7%) as shown
in (Table 1).

3.1 | Knowledge Distribution
of Healthcare Professionals

The knowledge characteristics of healthcare professionals var-
ied significantly based on gender, age, education level, profes-
sion, and work experience (Figure 2). In this study, a higher
percentage of female [92 (69.7%)] participants demonstrated
good knowledge compared to males [83 out of 160 males (51.9%)].
Healthcare professionals aged 26-35 and 36-45 had the highest

~ Cross-sectional study
-March to June 2024
" DTCSH, Northwest Ethiopia

All healthcare professionals at
DC5H during the data collection
period

Healthcare professionals working

. for at least six months
Inclusion

Agreed to participate

3. Eligibility Criteria Non-clinical staff
Administrative staff without

Bxclusion patient care

Staff on leave

Newly hired staff

N ___ Healthcare professionals’
[~ Dependent knowledge

_ Sociodemographic characteristics
(age, sex)

*- Independent -
Clinical relevance approaches
- (profession type, education Level,
years of experience)

=196
_ Single population proportion __ -
formula Assumptions: < d=0.05

pe024

_ Sample size: 294 (including 5%
[ non-response rate)

— Convenience sampling

| A comprehensive and schematic illustration of the study’s methods and materials.
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TABLE 1 | The sociodemographic characteristics of the healthcare
professionals (n=292) working at Debre Tabor Comprehensive
Specialized Hospital, Northwest Ethiopia 2024.

Study Frequency Percentage
R.No variables Category (N) (%)
1 Gender Male 160 54.8
Female 132 45.2
2 Age (years) 18-25 2 0.7
26-35 101 34.6
36-45 153 52.4
46-55 36 12.3
3 Level of Diploma 66 22.6
education Bachelor 150 51.4
degree
Master's 52 17.8
degree
Doctorate 24 8.2
Health Doctor 39 13.4
profession 1o dical lab 33 11.3
Nurses 127 43.5
Pharmacy 19 6.5
Midwife 46 15.8
Other? 28 9.6
5 Work 1-5 39 13.4
experience 6-10 70 24.0
(years)
11-15 116 39.7
>16 67 22.9

2Psychiatry, anesthesia, radiology, dental, optometry.

levels of favorable knowledge, with 69.3% and 51%, respectively.
Looking at the different health professions, about 35 out of 39
doctors (89.7%) and 80 out of 127 nurses (63%) demonstrated fa-
vorable knowledge, whereas only 13 out of 46 midwives (28.3%)
were knowledgeable. In terms of work experience, profession-
als with 11-15years of experience were the most knowledgeable
[79 out of 116 (68.1%) showed favorable knowledge]. In contrast,
those with over 16years of experience had only 37.3% favorable
knowledge.

3.2 | Knowledge Status
of Healthcare Professionals Regarding NTM
Infections

The knowledge level was assessed using a 29-item question-
naire predominantly structured into evaluating general knowl-
edge, transmission dynamics, laboratory diagnosis, treatment,
and control strategies of pulmonary NTM infections. Out of the
total, around 175 of the healthcare professionals answered at
least 17 out of 29 questions correctly. The results showed that
approximately 175 (59%) participants demonstrated favorable

knowledge of NTM infections. Similarly, the findings showed
that around 52.4% of participants could distinguish between
NTM and MTB infections (Table 2). Additionally, 46.2% rec-
ognized the clinical differences between pulmonary NTM and
TB. The majority of respondents (97.6%) have not encountered
NTM patients, and a significant portion (99.0%) have not met
patients at risk for NTM. Approximately 44% knew the common
symptoms, but only 18.8% have discussed pulmonary NTM in-
fections with their colleagues. Only 36.6% of the participants
understood that airborne droplets are a primary transmission
route, while 81.8% considered that GeneXpert could detect both
NTM and MTB.

4 | Discussion

NTMs are environmental agents that can cause opportunistic
pulmonary disease in humans and animals. These infections
commonly occur in patients with pre-existing lung diseases or
reduced immunity. A knowledge gap, poor awareness, and prac-
tice regarding NTM infections among healthcare professionals
may affect the quality of healthcare [6, 7]. To make a significant
impact, it is important to improve knowledge within the com-
munity, particularly among healthcare providers. This can be
achieved through targeted educational initiatives, related train-
ing in continuous professional development (CPD), and raising
awareness about disease transmission, diagnosis, treatment,
and infection prevention and control [17, 23, 29, 32].

In this study, 59% of healthcare professionals have shown fa-
vorable knowledge regarding NTM infections. Only 24.1%
of healthcare workers (HCWSs) in Tanzania were found to be
knowledgeable about NTM infections, indicating a substantial
knowledge gap that may have an impact on diagnosis and treat-
ment [1]. A study conducted across a network of 10 hospitals in
the United States of America showed that 24% of NTM infection
episodes began in the hospital [11]. A French study linked med-
ical and cosmetic interventions to increased NTM infections,
emphasizing the need for HCWs to follow strict infection con-
trol protocols [33]. According to a Saudi Arabian survey, 64%
of HCWs had adequate knowledge, but they also pointed out
areas where their practical application was lacking, which em-
phasizes the need for better training initiatives [34]. Although
59% of HCWs in Pakistan knew about TB, there were gaps in
their knowledge due to inadequate infrastructure and training
[35]. These disparities can be ascribed to many factors, such as
variations in healthcare systems, resource accessibility, educa-
tional initiatives, and socioeconomic circumstances. These gaps
should be remedied with specialist training, improved facilities,
and specially created educational programs to reduce infection
transmissions in the community and in the healthcare context.
These actions would increase overall infection control efforts
[6, 21, 36].

In this study, 46.2% of healthcare professionals recognized that
NTM and MTB are clinically distinct. However, a larger propor-
tion, 81.8%, believed that the GeneXpert test could detect both
NTM and MTB. Conversely, many participants confused NTM
with TB, with 67% suggesting that they are clinically similar.
Additionally, 60% of respondents were unaware that acid-fast
bacillus (AFB) microscopy cannot differentiate between NTM
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FIGURE 2 | Knowledge status distribution of healthcare professionals based on the study variables.

and TB [1]. A recent global survey of physicians indicated
that testing for NTM is typically triggered by certain clinical
symptoms and underlying conditions, such as bronchiectasis.
However, adherence to guidelines for NTM testing varies con-
siderably across different regions, highlighting the necessity for
more precise recommendations [37]. The lack of awareness and
inconsistent testing practices can also lead to misdiagnosis and
delayed treatment, contributing to increased morbidity associ-
ated with NTM infections. Enhanced training and systematic
surveillance are recommended to improve HCWs' knowledge
and response to NTM infections [33].

5 | Strengths and Limitations of the Study

The prevalence and incidence of pulmonary NTM infections
are increasing worldwide, particularly among vulnerable pop-
ulations. Significant public health impacts have been observed,
especially in resource-limited settings, where inadequate health-
care systems hinder diagnosis and management. This lack of
early intervention and prompt treatment for transmissible dis-
eases exacerbates the issue. To our knowledge, this study is the
first in Ethiopia to evaluate the knowledge of healthcare pro-
fessionals regarding NTM infections. It has several strengths,
including the identification of specific knowledge gaps among
healthcare professionals in our region. Addressing these gaps
can be achieved through educational enhancement initiatives,
such as tailored training programs and ongoing professional de-
velopment. In this under-resourced setting, such public health
interventions are crucial for improving the diagnosis and treat-
ment outcomes of infectious diseases that are of high public
health priority. Moreover, this study offers valuable insights into
the current understanding of NTM infections among healthcare
professionals in Ethiopia. It aims to assist local health policy-
makers in their strategic planning and resource mobilization

for diagnosis and treatment, ultimately enhancing the quality of
care. However, the study has its limitations; it is a single-center,
cross-sectional study with a small sample size, which may not
accurately reflect the national figure regarding knowledge gaps
among healthcare workers in the country. This study reveals no
significant associations between knowledge levels and demo-
graphic or clinical variables, opening avenues for future investi-
gations. Furthermore, due to budget constraints, we are unable
to provide additional training to address these critical knowl-
edge gaps based on the key findings of this study.

6 | Conclusions and Recommendations

This study highlights significant gaps in healthcare profession-
als’ understanding of NTM infections, emphasizing the need
for improved training. As NTM infections increasingly pose a
public health concern, especially for immunocompromised in-
dividuals, HCWs should have a thorough knowledge of the re-
lated risk factors, clinical symptoms, diagnostic methods, and
treatment options. The findings indicate that inadequate knowl-
edge among healthcare professionals can result in misdiagno-
sis and suboptimal care, ultimately affecting patient outcomes.
Addressing these knowledge gaps is particularly urgent given
the rising prevalence of NTM infections among vulnerable
populations.

To enhance the management of NTM infections, several tar-
geted actions are recommended. It is crucial to implement fo-
cused training programs for healthcare professionals, especially
in areas with high-risk patient populations. These training
sessions should cover disease epidemiology, clinical presenta-
tion, diagnostic techniques, and current treatment protocols.
Additionally, establishing clear, evidence-based protocols for
the diagnosis and management of NTM infections will support
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TABLE 2 | Assessing the knowledge status of healthcare workers towards NTM infections.

Category Specific questions Response/opinions Frequency (N)  Percentage (%)
General 1. Do you know about NTM Yes 236 80.8
No 56 19.2
2. Do you know the difference Yes 153 52.4
between NTM and MTB infection No 139 476
3. Are pulmonary NTM and Yes 135 46.2
TB clinically different? No 157 53.8
4. Source of NTM infection Contaminated water 51 17.5
in healthcare settings Person-to-person contact 115 39.4
Hospital food 49 16.8
Not sure 75 25.7
5. Have you encountered a Yes 7 2.4
patien.t with NTM i.nfections No 285 976
in your practice?
6. How many cases have Nope 287 98.3
you encountered 6-10 case ) 07
More than 10 case 3 1.0
7. Have you encountered patients Yes 3 1.00
ifections n your pratis No 2 90
8. What are the common Fever 5 1.7
symptoms of NTM infections Weight loss 15 51
Shortness of breath 7 2.4
All of the above 128 43.8
9. Have you ever discussed about Yes 55 18.8
NTM with your colleague No 237 31.2
10. How important is NTM Very important 245 83.9
infections for. healthcare Somewhat important 44 151
professionals
Not sure 1 0.3
Transmission 1. Are NTM freely available Yes 214 73.3
in water and soil No 78 26.7
2. Do you know the transmission Yes 174 59.6
vehicles of NTM No 118 404
3. Possible sources of Air born droplet 107 36.6
NTM infections Contaminated food and water 14 4.8
Direct contact with 55 18.8
infected individuals
Animal contact 116 39.7
(Continues)
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TABLE 2 | (Continued)

Category Specific questions Response/opinions Frequency (N)  Percentage (%)
4. Can NTM be transmitted Yes 135 46.2
from one person to another No 157 53.8
5. Participate in research projects Yes 13 4.5
related to NTM infection control No 279 95.5
6. NTM infections can be Yes 186 63.7
e =
inanimate surfaces Not sure 54 18.5
Diagnosis 1. How is NTM infection Microscopy 132 45.2
diagnosed? Chest x-ray/CT scan 47 16.1
Sputum culture 98 33.6
Others (GeneXpert) 15 5.1
2. Can microscopy distinguish Yes 118 40.4
between MTB and NTM No 174 50.6
3. Can GeneXpert detect Yes 239 81.8
both NTM and MTB No 53 18.2
4. Challenges associated Contaminated samples 13 4.5
with diagnosing NTM
infections in the laboratory Slow growth of NTM on culture 51 17.5
Lack of specific diagnostic test 36 12.3
Difficulty in distinguishing 70 24.0
NTM from TB
All 122 41.8
Prevention and 1. Are NTM more common in Yes 226 77.4
Treatment immunocompromised individuals No 66 226
2. Can NTM species be Yes 60 20.5
treated with TB drugs No 232 79.5
3. Have you encountered Yes 31
ot relapse for NTM mictions No 283 069
4. What is the first-line treatment Isoniazid 23 7.9
for most NTM infections Rifampin 93 318
Ethambutol 13 4.5
Clarithromycin 41 14.0
Not sure 120 41.1
5. Recommended treatment 1Week 18 6.2
duration for NTM infections 1 Month 4 14.4
6Month to 2 Years 123 42.1
Indefinite 109 37.3
(Continues)
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TABLE 2 | (Continued)
Category Specific questions Response/opinions Frequency (N)  Percentage (%)

6. NTM infections require multiple Yes 215 73.6
antibiotics and can be prolonged. No 77 26.4

7. Is Previous TB exposure Yes 88 30.1

risk for NTM? No 204 69.9

8. Measures for the prevention Environmental sanitation 29 9.9
et .

Use of PPE 18 6.2

Hand hygiene practice 164 56.1

Patient isolation 11 3.8

9. Have you received training Yes 10 3.4

on infection control measures No 282 96.6

specific to NTM infections

accurate diagnosis and effective care. Regular updates to these
protocols, incorporating the latest research and guidelines,
will help ensure that healthcare providers remain informed.
Furthermore, promoting collaboration among microbiolo-
gists, infectious disease specialists, and clinical practitioners
can enhance both diagnosis and management. Organizing
regular interdisciplinary workshops and case studies can fa-
cilitate knowledge sharing and improve diagnostic accuracy
among HCWs.

Author Contributions

Teklehaimanot Kiros conceived and designed the experiments, ana-
lyzed and interpreted the data, and wrote the paper. Mulat Erkihun,
Bekele Sharew, Andargachew Almaw, Ayenew Assefa, Tegenaw
Tiruneh, Birhanu Getie, Yenealem Solomon, and Shewaneh Damtie an-
alyzed and interpreted the data, and wrote the paper.

Ethics Statement

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

For this study, all data are presented within the manuscript without any
restrictions.

References

1. T. Maya, E. Komba, G. Mensah, et al., “Non-Tuberculous Mycobac-
terial Pulmonary Disease: Awareness Survey of Front-Desk Healthcare
Workers in Northern Tanzania,” PLOS Global Public Health 3, no. 1
(2023): €0000741.

2. E. E. Ricotta, J. Adjemian, R. A. Blakney, Y. L. Lai, S. S. Kadri, and D.
R. Prevots, “Extrapulmonary Nontuberculous Mycobacteria Infections
in Hospitalized Patients, United States, 2009-2014,” Emerging Infectious
Diseases 27, no. 3 (2021): 845-852.

3. R. Gopalaswamy, S. Shanmugam, R. Mondal, and S. Subbian, “Of
Tuberculosis and Non-Tuberculous Mycobacterial Infections - a Com-
parative Analysis of Epidemiology, Diagnosis and Treatment,” Journal
of Biomedical Science 27, no. 1 (2020): 74.

4. Q. Liang, X. Jiang, J. Jia, et al., “An Early and Trustable Indica-
tor Suggestive of Non-Tuberculosis Mycobacteria Isolation in a High
Tuberculosis Burden Setting,” Journal of Infection 88, no. 5 (2024):
106149.

5.S. Paik and E. K. Jo, “An Interplay Between Autophagy and Im-
munometabolism for Host Defense Against Mycobacterial Infection,”
Frontiers in Immunology 11 (2020): 603951.

6. C. N. Ratnatunga, V. P. Lutzky, A. Kupz, et al., “The Rise of Non-
Tuberculosis Mycobacterial Lung Disease,” Frontiers in Immunology 11
(2020): 303, https://doi.org/10.3389/fimmu.2020.00303.

7. G. E. Pfyffer, “Mycobacterium: General Characteristics, Laboratory
Detection, and Staining Procedures,” in Manual of Clinical Microbiol-
ogy (ASM Press, 2015), 536-569.

8. K. Kumar, A. Ponnuswamy, T. G. Capstick, et al., “Non-Tuberculous
Mycobacterial Pulmonary Disease (NTM-PD): Epidemiology, Diagnosis
and Multidisciplinary Management,” Clinical Medicine 24, no. 1 (2024):
100017.

9. U. Singh, K. Sinha, P. Singh, P. Dixit, and A. Jain, “Occurrence and
Diversity of Non-Tuberculous Mycobacteria Among Suspected and
Confirmed Cases of Pulmonary Tuberculosis,” Journal of the Academy
of Clinical Microbiologists 22, no. 1 (2020): 12-16.

10. L. T. Ong, “Epidemiology of Nontuberculous Mycobacteria Infection
in Asia: A Narrative Review,” Indian Journal of Tuberculosis (2024),
https://doi.org/10.1016/].ijtb.2024.08.006.

11. A. W. Baker, R. M. La Hos, J. A. Anesi, et al., “1868. Epidemiol-
ogy of Healthcare Facility-Associated Nontuberculous Mycobacteria
at a 10-Hospital Network,” Open Forum Infectious Diseases 10 (2023):
0fad500.1696.

12.1. David, Akyala, I. Adamu, O. Osazuwa, and R. Maikeffi, “Non-
tuberculous Mycobacteria Infection Among Mycobacterium Tubercu-
losis Patients Attending Tuberculosis Referral Centers in Nasarawa
State, Nigeria,” GSC Advanced Research and Reviews 18, no. 2 (2024):
374-380.

13.N.-n. Li, “Analysis of the Types and Characteristics of Non-
Tuberculous Mycobacteria in High Endemic Areas of Tuberculosis.”
(2024).

90f 10


https://doi.org/10.3389/fimmu.2020.00303
https://doi.org/10.1016/j.ijtb.2024.08.006

14. C. Okoi, S. T. B. Anderson, M. Antonio, S. N. Mulwa, F. Gehre, and
1. M. O. Adetifa, “Non-Tuberculous Mycobacteria Isolated From Pulmo-
nary Samples in Sub-Saharan Africa—A Systematic Review and Meta
Analyses,” Scientific Reports 7, no. 1 (2017): 12002.

15. V.N. Dahl, M. Molhave, A. Floe, et al., “Global Trends of Pulmonary
Infections With Nontuberculous Mycobacteria: A Systematic Review,”
International Journal of Infectious Diseases 125 (2022): 120-131.

16. L. Nqwata and A. Ouédrago, “Non-Tuberculous Mycobacteria Pul-
monary Disease: A Review of Trends, Risk Factors, Diagnosis and Man-
agement,” African Journal of Thoracic and Critical Care Medicine 28,
no. 2 (2022): 82-86.

17. J. Chalmers, J. D. Chalmers, T. Aksamit, A. C. C. Carvalho, A. Ren-
don, and I. Franco, “Non-Tuberculous Mycobacterial Pulmonary Infec-
tions,” Pulmonology 24, no. 2 (2018): 120-131, https://doi.org/10.1016/j.
pulmoe.2017.12.005.

18. S. Fatima, A. Kumari, M. Agarwal, et al., “Epigenetic Code During
Mycobacterial Infections: Therapeutic Implications for Tuberculosis,”
FEBS Journal 289, no. 14 (2022): 4172-4191.

19. N. Takobachvili, S. A. Leon-Icaza, K. Knoops, et al., “Mycobacteria-
Host Interactions in Human Bronchiolar Airway Organoids,” Molecular
Microbiology 117, no. 3 (2022): 682-692.

20. P. Suresh, A. Kumar, R. Biswas, et al., “Epidemiology of Nontuber-
culous Mycobacterial Infection in Tuberculosis Suspects,” American
Journal of Tropical Medicine and Hygiene 105, no. 5 (2021): 1335-1338.

21. D. Wagner, J. van Ingen, R. van der Laan, and M. Obradovic, “Non-
Tuberculous Mycobacterial Lung Disease in Patients With Bronchiec-
tasis: Perceived Risk, Severity and Guideline Adherence in a European
Physician Survey,” BMJ Open Respiratory Research 7, no. 1 (2020):
e€000498.

22.K. L. Chin, M. E. Sarmiento, N. Alvarez-Cabrera, M. N. Norazmi,
and A. Acosta, “Pulmonary Non-Tuberculous Mycobacterial Infections:
Current State and Future Management,” European Journal of Clinical
Microbiology & Infectious Diseases 39 (2020): 799-826.

23. H. Liu, T. Zhang, Y. Wang, H. Fan, X. Huang, and Y. Jiao, “Clinical
Features of Patients Presenting With Fever of Unknown Origin Caused
by Non-Tuberculous Mycobacterium Infection,” Journal of Infection in
Developing Countries 17, no. 7 (2023): 1014-1021.

24.P. Silwal, S. Paik, J. K. Kim, T. Yoshimori, and E. K. Jo, “Regula-
tory Mechanisms of Autophagy-Targeted Antimicrobial Therapeutics
Against Mycobacterial Infection,” Frontiers in Cellular and Infection
Microbiology 11 (2021): 633360.

25. M. M. Johnson and J. A. Odell, “Nontuberculous Mycobacterial Pul-
monary Infections,” Journal of Thoracic Disease 6, no. 3 (2014): 210-220.

26. L. Adam, M. Lépez-Gonzalez, A. Bjork, et al., “Early Resistance of
Non-Virulent Mycobacterial Infection in C57BL/6 Mice Is Associated
With Rapid Up-Regulation of Antimicrobial Cathelicidin Camp,” Fron-
tiers in Immunology 9 (2018): 1939.

27.D. A. da Silva, A. M. Régo, N. V. Ferreira, et al., “Detection of My-
cobacterial Infection in Non-Human Primates Using the Xpert MTB/
RIF Molecular Assay,” Tuberculosis (Edinburgh, Scotland) 107 (2017):
59-62.

28. V. Dartois and T. Dick, “Therapeutic Developments for Tuberculo-
sis and Nontuberculous Mycobacterial Lung Disease,” Nature Reviews
Drug Discovery 23, no. 5 (2024): 381-403.

29. H. Namkoong, A. Kurashima, K. Morimoto, et al., “Epidemiology of
Pulmonary Nontuberculous Mycobacterial Disease, Japan,” Emerging
Infectious Diseases 22, no. 6 (2016): 1116-1117, https://doi.org/10.3201/
€id2206.151086.

30. S. K. Raman, D. V. Siva Reddy, V. Jain, U. Bajpai, A. Misra, and A. K.
Singh, “Mycobacteriophages: Therapeutic Approach for Mycobacterial
Infections,” Drug Discovery Today 29, no. 7 (2024): 104049.

31. World Health Organization, Advocacy, Communication and Social
Mobilization for TB Control: A Guide to Developing Knowledge, Attitude
and Practice Surveys (World Health Organization, 2008).

32. P. Lompo, A. S. Heroes, K. Ouédraogo, et al., “Knowledge, Aware-
ness, and Risk Practices Related to Bacterial Contamination of Anti-
septics, Disinfectants, and Hand Hygiene Products Among Healthcare
Workers in Sub-Saharan Africa: A Cross-Sectional Survey in Three Ter-
tiary Care Hospitals (Benin, Burkina Faso, and DR Congo),” Antimicro-
bial Resistance & Infection Control 13, no. 1 (2024): 44.

33. C. Daniau, E. Lecorche, F. Mougari, et al., “Association of Health-
care and Aesthetic Procedures With Infections Caused by Nontubercu-
lous Mycobacteria, France, 2012-2020,” Emerging Infectious Diseases
28, no. 3 (2022): 518-526.

34. G. Kandasamy, D. Almaghaslah, and M. Almanasef, “Knowledge,
Attitude and Practice Towards Tuberculosis Among Healthcare and
Non-Healthcare Students at a Public University in Saudi Arabia,” Fron-
tiers in Public Health 12 (2024): 1348975.

35. A. Kumar, A. K. Khuwaja, and A. M. Khuwaja, “Knowledge Prac-
tice Gaps About Needle Stick Injuries Among Healthcare Workers at
Tertiary Care Hospitals of Pakistan,” Journal of Ayub Medical College,
Abbottabad 24, no. 3-4 (2012): 50-52.

36. M. G. Tiruneh, T. F. Anagaw, and E. T. Fenta, “Tuberculosis Infec-
tion Control Practice Among Healthcare Workers in Ethiopia: A Pro-
tocol for Systematic Review and Meta-Analysis,” BMJ Open 13, no. 11
(2023): €073634.

37. M. R. Loebinger, R. van der Laan, M. Obradovic, and J. van Ingen,
“Global Survey of Physician Testing Practices for Nontuberculous My-
cobacteria,” ERJ Open Research 9, no. 3 (2023): 00737-2022.

10 of 10

Journal of Clinical Laboratory Analysis, 2025


https://doi.org/10.1016/j.pulmoe.2017.12.005
https://doi.org/10.1016/j.pulmoe.2017.12.005
https://doi.org/10.3201/eid2206.151086
https://doi.org/10.3201/eid2206.151086

	Assessment of Healthcare Professionals' Knowledge Regarding Nontuberculosis Mycobacterial Infections at Debre Tabor Comprehensive Specialized Hospital, Northwest Ethiopia, 2024: A Cross-Sectional Study
	ABSTRACT
	1   |   Introduction
	2   |   Methods and Materials
	2.1   |   Study Design, Period, and Setting
	2.2   |   Study Population
	2.3   |   Eligibility Criteria
	2.4   |   Sample Size Determination and Sampling Technique
	2.5   |   Operational Definition
	2.6   |   Data Collection Techniques and Tools
	2.7   |   Data Analysis and Data Quality Assurance
	2.8   |   Ethical Considerations

	3   |   Results
	3.1   |   Knowledge Distribution of Healthcare Professionals
	3.2   |   Knowledge Status of Healthcare Professionals Regarding NTM Infections

	4   |   Discussion
	5   |   Strengths and Limitations of the Study
	6   |   Conclusions and Recommendations
	Author Contributions
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


