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Abstract

Background In 2021, there were approximately 450,000 cases of drug-resistant tuberculosis (DR-TB) worldwide. The
treatment of DR-TB historically included expensive and toxic injectable drugs leading to adverse effects including oto-
toxicity and Electrocardiogram (ECG) abnormalities. This study described the perspectives of healthcare providers

and people with DR-TB on the usability of simplified audiometry and ECG for monitoring treatment adverse effects.

Methods A qualitative study was conducted in December 2019 across four provinces in Mozambique, namely
Maputo, Gaza, Zambézia, and Nampula. Sixteen outpatient primary care health facilities equipped with simpli-

fied Audiometry and/or ECG devices (specifically, SHOEBOX Audiometer® and/or SmartHeart Pro ECG®) installed

for at least 6 months before the study initiation were selected. The data was collected using in-depth interviews (IDI)
and Focus Group Discussions (FGD) techniques. Interviews were audio-recorded, transcribed verbatim in Portuguese,
coded, and analyzed using Nvivo 12 software®. We generated two themes and fit our results into a conceptual frame-
work consisting of three domains in the implementation of technological innovations in health.

Results A total of 16 healthcare providers and 91 people undergoing treatment for DR-TB were enrolled in the study.
Most people with DR-TB had experienced audiometry testing and demonstrated a good understanding of the assess-
ments. Conversely, while most healthcare providers demonstrated robust knowledge of the importance of both audi-
ometry and ECG assessments, they were not confident in managing ECG devices and interpreting the results.

Conclusions While healthcare providers demonstrated a consolidated understanding of the importance of audi-
ometry, the limited number of devices and lack of training were constraints, impeding optimal usage and service
delivery.
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Background

In many low- and middle-income countries (LMICs),
drug resistant tuberculosis (DR-TB) remains a significant
public health challenge. The World Health Organization
(WHO) estimated 450,000 cases of DR-TB worldwide
in 2021 [1]. In Mozambique, 3.7% of the notified 97,000
people, had DR-TB [2]. The Mozambican Ministry of
Health recently updated the DR-TB guideline, aligning it
with the WHO reference guidelines [1, 3]. The updated
guideline incorporated a shift from injectable to oral regi-
mens, the adoption of shorter treatment regimens, and
expanded the use of delamanid (DLM) and bedaquiline
(BDQ) as part of individualized treatment regimens [1].

People with DR-TB are at risk of suffering from serious
adverse effects, such as irreversible hearing loss due to ami-
noglycoside toxicity (an injectable antibiotic that was until
recently a core component of the recommended DR-TB
treatment regimen) [4—6] and electrocardiogram (ECQG)
abnormalities from BDQ [7], DLM, clofazimine, moxiflox-
acin and other medications posing a risk of sudden death
for people under treatment. Previous studies underscore
the prevalence of irreversible hearing loss among people
with DR-TB treated with aminoglycosides [8, 9].

Currently, all people with DR-TB in Mozambique who
are eligible for individualized DLM or BDQ regimens
have their files reviewed by the National Clinical DR-TB
Committee, which meets weekly [3, 10]. As of May 2018,
the Mozambican National TB Program (N'TP), in collab-
oration with Health Alliance International (HAI), a global
health non-governmental organization, decided to pilot
and implement an innovative integrated tablet platform
at 50 high-volume DR-TB health facilities throughout
the country. The tablet platform provided a comprehen-
sive solution by integrating three core functionalities: (1)
Audiometers ShoeBox®/App to offer simplified audiom-
etry screening; (2) 12-lead ECG SmartHeart® Pro testing
(implemented with a separate Bluetooth-enabled ECG
device) with algorithms that calculated the QTcF inter-
val, and (3) Zoom application to participate in weekly
DR-TB case discussion meetings. People with DR-TB
were assessed using the simplified devices, namely the
Audiometer ShoeBox® and ECG SmartHeart® Pro. The
assessments occurred at treatment initiation and con-
tinued monthly during the use of injectable drugs. While
this is a significant step towards offering better monitor-
ing of treatment adverse effects, the implementation and
expansion of DR-TB therapies in LMICs can be limited
by the lack of accessible and simplified drug toxicity
monitoring platforms to identify people eligible for indi-
vidualized regimens [1]. Studies on TB treatment adverse
effects using simplified audiometers and ECGs reinforce
the need for the allocation of similar devices at the pri-
mary care health facility [11]. However, the usability of
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these simplified devices has yet to be comprehensively
documented, particularly within the unique context
of LMIC’s such as Mozambique. Our paper aimed to
describe the perspectives of healthcare providers and
people with DR-TB on the usability of simplified audiom-
etry and ECG for monitoring treatment adverse effects.

Methods

In December 2019, we conducted a qualitative study, using
one-to-one in-depth interviews with front-line DR-TB
healthcare providers who used the integrated tablet plat-
form (Fig. 1). Simultaneously, Focus Group Discussions
(FGD) were conducted with people with DR-TB who
underwent assessments for treatment adverse events using
the simplified devices at least once before the data collec-
tion initiation. The simplified devices were manufactured
by ShoeBox (https://www.shoebox.md/), and Smartheart
(https://www.smartheartpro.com/) companies.

Study setting

Mozambique is a sub-Saharan and LMIC with an esti-
mated 31 million inhabitants [12] and a high TB burden.
The Mozambican National TB Program (NTP) reported
97,000 people with TB in 2021 and an estimated 3.7%
of the new diagnosis and 20% of relapses are resistant to
rifampicin (RR) or other drugs [10]. The country has a
network of approximately 1700 primary health facilities.
Of these, about 675 health facilities provided TB services
(TB diagnosis and treatment) free of charge. In theory,
all of them were also capable of caring for people with
DR-TB. In practice, most people with DR-TB are treated
in just 75 health facilities across the country and sixteen
of them were chosen as the study’s implementation sites.

Study sites

The study was conducted in 16 outpatient health facili-
ties equipped with the integrated tablets platform. Health
facilities were selected to geographically represent the
urban and peri-urban areas across provinces in the
Northern, Central, and Southern regions of the country.
Health facilities were eligible if they had the integrated
tablet platform on-site for at least 6 months before the
study initiation. All 16 health facilities had Audiometers
in place and only 10 (62.5%) had ECG devices. Health
facilities without an allocated ECG device referred people
to the nearest health facility where the device was avail-
able. Provincial, central, and private hospitals were inten-
tionally excluded due to non-representativeness of the
primary care level and TB services. Since all provinces
met the inclusion criteria, we randomly selected one
province per region (Fig. 2). Additionally, we intention-
ally included Maputo City due to its peculiar characteris-
tics, which encompass a densely populated environment,
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Fig. 1 Integrated tablet platform

a high number of people with basic education, high level
of technical expertise evident by a significant number
of qualified staff, and better availability of resources and
consumables.

Study participants and data collection

Healthcare providers

Sixteen in-depth interviews were conducted with health-
care providers of different cadres, including health tech-
nicians, nurses, and doctors. Healthcare providers were
purposively recruited and asked to participate. The
Research Assistants (RA) obtained written informed
consent, answered any questions about the study, and
checked the eligibility criteria. Eligibility criteria were (i)
being a healthcare provider exposed to DR-TB care, (ii)
being exposed to the integrated tablet platform, (iii) agree-
ing to participate and provide written informed consent.
The interviews focused on the perception of optimiz-
ing the safety of DR-TB treatment and included ques-
tions on the usability of simplified ECG, audiometry, and
videoconference tools (see “In-depth interview guide” in
Additional file 1). The interviews were conducted in Por-
tuguese by AZ and PT and lasted between 26 to 64 min.

People with DR-TB

Fourteen FGD were conducted with People with
DR-TB. The FGD’s study participants were conveni-
ently recruited from an available list of people with
DR-TB enrolled for care at primary care outpatients’
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DR-TB Videoconference

Zoom-based videoconference
Enabled weekly countrywide calls
for DR-TB case discussion

health facilities. The FDGs had 5 to 9 participants
selected according to the following eligibility criterion:
(i) 18 years of age or older, (ii) diagnosed with DR-TB
and initiated on treatment, (iii) had been assessed, at
least once, with either audiometer or ECG iv) agree to
participate and to provide written informed consent.
Participants were invited to participate in the study by
their healthcare providers. Those who expressed inter-
est were referred to the study team for recruitment, eli-
gibility check, and consenting. The FGD guide primarily
centered on participants’ perceptions of the practicality
and usefulness of simplified testing devices. We spe-
cifically asked patients if they understood their disease
and the importance of the audiometry and ECG exams
during TB treatment (see “Focus group discussion
interview guide” in Additional file 2). The FGDs were
conducted in Portuguese and Chi-Changana in Maputo
and Gaza, Portuguese and Emakua in Nampula, and
Portuguese in Zambézia by AZ and PT with the sup-
port of a professional translator and lasted between
50 to 150 min. The final sample size, for both IDI and
FGDs, was determined by data saturation defined as the
point in the data collection process when new partici-
pants ceased to provide additional insights or perspec-
tives related to the research question [13, 14].

Analysis
All interviews were audio recorded and transcribed
verbatim in Portuguese while study team members
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Fig. 2 Map of Mozambique showing the study recruitment health facilities and the availability of an audiometer and EGC devices

also took written notes for non-verbal communication.
Categories and codes were created following the ques-
tion guides and themes were generated to capture the
underlying findings (see “Coding and analysis frame-
work” in Additional file 3: Table S1). The transcripts
were deductively coded by AZ, CN, PN, and RC in
NVivo® software version 12, using a pre-defined code-
book. Inductive coding was also conducted to account
for emerging topics. Codes were compared for consist-
ency and all discrepancies were resolved across the
four investigators.

The analysis was carried out through a continuous
interactive process involving data collection in the field,
the transcription of digital recordings, and data coding to
create a key summary for each batch of interviews. Trust-
worthiness was achieved by thoroughly reporting the
methodology [15] and including quotes from the inter-
view in the paper.

We generated two themes which are explained in detail
below and fit our results to a conceptual framework con-
sisting of three domains in the implementation of tech-
nological innovations in health [16]. The first domain
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addresses the safety concern unique to the implemented
technology, the second addresses the optimization of the
safe use of the implemented technology and discusses
usability and acceptability (complete and correct use)
of the implemented technologies and lastly, the third
domain discusses the impact of the used technology in
beneficiaries’ lives. Our study grounded the results and
discussion in the second and third domains. This paper
is reported according to the COREQ guidelines [17] (see
the “COREQ checklist” in Additional file 4).

Patient and public involvement

The TB coordinator and counselors at Health Facilities
were involved in the identification of study participants.
However, patients and the public were not involved in the
design or planning of the study.

Researcher’s characteristics and reflexivity

The research team consists of male and female research-
ers with diverse backgrounds and experience. The first
author, PN, is a male medical doctor with 7 years of
experience in qualitative research and 6 years of expe-
rience in clinical and epidemiological research in the
field of TB. AZ is a male anthropologist with 5 years of
experience in qualitative data collection and analysis. PT
is a male anthropologist with experience in qualitative
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data collection. CN is a female sociologist with 2 years
of experience in qualitative data collection and analysis
and 5 years of experience with research in the TB field.
Research assistants (RA) conducting data collection (AZ
and PT) were naive to the topic. They were trained on
qualitative data collection techniques, study protocol,
and topic guide by the first author (PN). They familiar-
ised themselves with the topic guide and the context
before commencing data collection. The RAs took notes
of non-verbal aspects of the interview and shared a daily
summary of the main findings with PN. Coding was con-
ducted using original transcripts by AZ, CN, PN, and RC,
who are all native Portuguese speakers and are proficient
in Changana (AZ, VD, PN, and RC) and Emakua (RC).
Excerpts from the transcripts and field notes were ana-
lyzed simultaneously.

Results

Socio-demographic characteristics

A total of 91 people with DR-TB were enrolled in the
study. Of these, 21 (23%) were from Maputo City, 34
(37%) were from Gaza, 18 (20%) were from Nampula,
and 18 (20%) were from Zambézia (Table 1). The over-
all median age in the four sites was 36 years (inter-
quartile range [IQR] 27.0-45.0) and only 62.6% were
assessed using ECG. All people were under a DR-TB long

Table 1 Socio-demographic data of people with DR-TB per province. The time into DR-TB treatment was defined as the period from

day 1 of treatment initiation until the day of the interview

Gaza
n=34

Nampula
n=18

Zambézia
n=18

Total
n=91

Maputo City

n=21
Median age (IQR) 36 (27.0-45.0)
Gender

Male (%) 12 (57.1)
Marital status

Married (%) 6 (28.6)

Never married/lived with someone (%) 12(57.1)

Divorced (%) 2(9.5)

Widow/widower (%) 1(4.8)
Education

Primary school (%) 6 (28.6)

Secondary school (%) 11(52.4)

High school or professional degree (%) 1(4.8)

Have not studied (%) 3(14.3)
Occupation

Currently employed/working (%) 17 (81)

Not currently employed/working (%) 4(19.1)
Median time into DR-TB treatment in months (IQR) 9 (5.0-18.0)
People tested with the simplified devices

Audiometer ShoeBox® (%) 21 (100)

ECG SmartHeart® Pro (%)

39.5(33.5-57.3)

33.5(22.8-39.0)

30 (27.0-37.0)

36 (27.0-45.0)

16 (47.1) 12 (66.7) 12 (66.7) 52(57.1)
19(55.9) 8 (44.5) 11(61.1) 44 (48.4)
15 (44.1) 5(27.8) 6(333) 38(41.8)
0 4(222) (6.6)

0 1(5.6) 1(5.6)

16 (47.1) 9(50) 5(27.8) 36 (39.6)
7 (20.6) 5(27.8) 7(389) 30(33)
2(5.9) 1(5.6) 5(27.8) 9(9.9)
9(26.5) 3(16.7) 1(5.6) 16 (17.6)
24 (70.6) 11(61.1) 10 (55.6) 62 (68.1)
10 (294) 7(38.9) 8 (44.4) 29(31.9)
7(3.3-18) 6(5.3-9.8) 11(3.0-16.6) 7(3.5-16.5)
33(97.6) 18 (100) 18 (100) 90 (98.9)
23(67.7) 6(33.3) 7(30.8) 57 (62.6)
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treatment regimen, which included injectable aminogly-
coside drugs such as kanamycin and capreomycin. Most
healthcare providers were male (13/16, 81%) and the
overall median age was 33 years (IQR 29.8-35.5). Nearly
half (9/16, 56%) were nurses and only one was a physician
(1/16, 6%) (Table 2).

Theme 1: people with DR-TB had a limited understanding
of the importance of Audiometry and ECG to their
treatment

Knowledge of people with DR-TB about TB disease

Most people within the FGDs demonstrated a lack of
understanding about DR-TB disease and treatment.
Some people with DR-TB sought explanations based on
their daily life knowledge or their personal experiences
to explain what they meant by TB disease. A few partici-
pants related the disease to previous work in the mines,
dust inhaled in the fieldwork, cigarettes, alcoholic bever-
ages, sharing utensils, and feeding with someone infected
and, very few were able to accurately explain what it was.

“Tuberculosis is a disease that the person catches in
a windstorm or eats on the plate where the person
[with TB] used it and did not wash it well, so the
bacillus was not clean [...]” (FGD, Patients, Mava-
lane health facility).

“[...] when you work in the mines, there are cases in
which a lot of smoke comes out, so it creates tubercu-
losis” (FGD, Patients, Bilene health facility).

Some people with TB who were teachers associated
TB with chalk dust inhaled during the teaching prac-
tice and others associated TB with sexual contact with a
widow without complying with the kutchinga ceremony,
a practice observed in many regions of Mozambique, that
involves a ritualized sexual encounter between a widow
and her brother-in-law (typically the deceased’s younger
brother) with the aim of cleansing or purifying the widow.

Table 2 Socio-demographic data of healthcare providers
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“I have been teaching since 2004, I have taught
classes using chalk and now I am suffering from
tuberculosis” (FGD, Patients, Bilene health facility).

“[...] before they said that tuberculosis is contracted
through sexual intercourse, or by getting involved
with a woman who had just lost her husband” (FGD,
Patients, Bilene health facility).

Knowledge of people with DR-TB about the relevance of ECG
and audiometry

In general, people with DR-TB understood the importance
of audiometry and ECG to their treatment. They seemed
to understand why audiometry and ECG exams were nec-
essary assessments during the treatment, although these
devices were recently placed in some health facilities
across the country and the assessments were still new to
TB services. Most people who contributed with consistent
knowledge had at least a secondary school education and
mostly attended care in an urban health facility.

“Audiometry is [...] to control our hearing, for exam-
ple, when I was at Machava [National TB Reference
Hospital] I had a little pain and I couldn’t hear very
well and with the device, they could assess my ability
to hear” (FGD, Patients, Alto-Maé health facility).

Knowledge of healthcare providers about the relevance

of ECG and audiometry

Healthcare providers seemed to have a solid understand-
ing of the importance of both assessments for people
with TB. Some reported a lack of regular training as a
key factor that prevented the correct and complete use
of these innovations. The limited number of allocated
devices, mainly the ECGs, was mentioned as contributing
to delaying or not performing the assessments, although
there was a perceived effort to refer people to the nearest
health facility to enable regular and complete testing.

Maputo City Gaza Nampula Zambézia Total
n=3 n=5 n=4 n=4 n=16
Median age (IQR) 30 (29.5-31) 37(35-38) 31(29.5-38.5) 31(28.8-335) 32.5(29.8-35.5)
Gender
Male (%) 2(66.7) 5(100.0) 3(75.0) 3(75.0) 13(81.3)
Female (%) 1(33.3) 0(0.0) 1(25.0) 1(25.0) 3(188)
Healthcare worker cadre
Physician (%) 0(0.0) 1(20.0) 0(0.0) 0(0.0) 1(6.3)
Nurse (%) 2(66.7) 3(60.0) 2 (50.0) 2 (50.0) 9(56.3)
Mid-level technicians (%) 1(333) 1(20.0) 2(50.0) 2(50.0) 6(37.5)
Median work time in years (IQR) 6 (5.0-8.5) 11(11.0-14.0) 6 (4.5-14.0) 4.5 (3.8-6.8) 6.5 (4.2-8.3)
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“What I would like to see is more practice, learn-
ing interpretation of results and what should be
done when we receive a result with clinical findings”
(Male, Healthcare Provider, Marrere health facility).

Theme 2: people with TB and healthcare providers attest

to the usefulness of Audiometers and ECGs in the early
detection of adverse drug effects

Perception of audiometer applicability in the diagnosis

of adverse effects

There was a general perception that audiometry was of
extreme importance as it allowed for quick detection
of adverse effects and appropriate measures for the
good of the people with DR-TB. Healthcare provid-
ers mentioned being able to perform audiology testing
and reporting, however, the lack of human resources
at health facilities was mentioned as an essential
challenge.

Availability and usage of the ECG SmartHeart Pro

The ECG SmartHeart® was not widely distributed in
the selected health facilities, despite the perceived util-
ity of these devices. Only ten health facilities (out of
16) had ECG in place during data collection due to
limitations in funding for this initiative. Those with-
out an allocated ECG had to refer people to the nearest
health facilities, which compromised the quality of the
provided assessment. The ECG was reported to largely
contribute to the quality of provided care enabling
rapid diagnosis of adverse effects and adequate clinical
measures to prevent the worsening of the disease state.
It was also mentioned that some technicians, mainly
those working at health facilities without an allocated
device, had difficulties in adequately managing the
devices, interpreting the results, and delivering reports
to people.

Privacy and testing places within the health facilities

The surrounding noise and shared rooms hampered
the correct and complete use of the devices. Interviews
showed that the testing settings were not quiet and com-
fortable in many health facilities. The surrounding noise
was found as an important factor influencing the qual-
ity of the audiometry while a lack of privacy in the ECG
room resulted in people feeling uncomfortable as they
had to uncover their bodies to perform the test.

“.. It would be nice if we had a place where we
could do the heart test and another place where we
could have the hearing exam. Here when it’s mid-
week, it’s full of people and we take the exam in
this place and people coming in and out can see
our uncovered bodies..” (FGD, Patients, Mavalane
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health facility).

“.. The space itself is very tight [...] and it is close to
the road. We are more likely to hear something else..”
(FGD, Patients, Nicoadala health facility).

The use of the video conference system and complementary
equipment for the innovations
Most healthcare providers mentioned that they had satis-
factory knowledge about the system and its usage. Some
healthcare providers pointed to mobile phone data net-
work constraints when submitting clinical cases of TB to
the national committee and attending weekly discussions.
The quality of the mobile phone data network was
primarily mentioned in rural and remote health facili-
ties. Other factors such as electricity supply, availability
of printers, inks, and printing papers also played major
roles. This was reported as relevant since, in some situa-
tions, people were requested to retake the exams because
the quality of the first ones had been affected to some
extent by one of these factors.

“For the audiometry, there are no challenges, but for
the ECG, which is one of the devices that requires
active internet communication (via the tablet’s data
SIM card), and videoconferencing there have been
some challenges with the network..” (Male, Health-
care provider, 17 de Setembro health facility).

Discussion

Our study reports the experiences of people with DR-TB
and healthcare providers regarding DR-TB treatment
and the usability of simplified devices to monitor DR-TB
treatment’s adverse effects. To the extent of our knowl-
edge, this is the first manuscript to report such data in
Mozambique.

Most people with DR-TB associated TB disease with
their daily experiences, such as working in mines, expo-
sure to dust, smoking, and alcohol consumption. Several
studies have reported on the misconception about TB
disease and transmission, resulting in inadequate adop-
tion of preventive measures in the communities [18, 19].
These findings were also consistent with other studies in
which people with TB attributed the disease to smoking,
alcoholic habits, and other lifestyle habits [20]. A study in
Georgia suggested that current and former people with
TB had a good level of knowledge and awareness of the
disease resulting from their experience of the treatment
journey [21]. Our findings revealed that healthcare pro-
viders had a clear understanding of the disease, as they
benefited from regular training and refreshments on the
management of the disease, including screening, diag-
nosis, and treatment, as well as general knowledge of its
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transmission and prevention. This finding is consistent
with other studies carried out elsewhere [22].

Our findings also suggested that people undergoing
DR-TB treatment recognize the relevance of ECG and
audiometry for the adequate monitoring of adverse effects,
although these devices were recently placed in some health
facilities nationwide. At the same time, healthcare provid-
ers showed a consolidated understanding of the usability
and applicability of both devices to improve their work and
provide better care for people. However, the lack of train-
ing in handling the ECG and interpreting the results com-
promised the correct and complete use of this innovation.
Studies on digital health considered the lack of training as
a barrier to the implementation of digital tools and argued
that healthcare providers’ lack of training conditioned the
quality of testing and reporting results [23, 24]. The sim-
plified audiometry device was designed to be a self-testing
tool; however, our study did not explore the challenges
of people with TB using it themselves. Previous studies
on digital health showed that there was great difficulty in
implementing self-use innovations due to people’s lack
of knowledge about the devices associated with their low
level of education, which hampers better handling of dif-
ferent health innovations [25, 26].

Sharing of the room where the tests were performed
and the surrounding noise was mentioned several times
by healthcare providers and people with DR-TB as fac-
tors that compromised the quality of the audiometry
and ECG tests [27-29]. A study by Storey, et al. [28]
also reported the presence of surrounding noise at the
audiometry testing place; however, the accuracy of the
results was not affected by the noise. Furthermore, the
lack of privacy in the ECG room created discomfort for
people with DR-TB, who had to uncover their bodies to
perform the test. Other factors such as the poor qual-
ity of the internet connection, interruptions of the elec-
tricity supply, printers, and availability of consumables,
were described as barriers, as often people with DR-TB
were asked to retake the exam due to failures on the first
attempts. Similar findings were reported in a systematic
review on mHealth where internet connection and elec-
tricity supply were found to be the main challenges for
implementing health innovations in rural areas [30].

While there were challenges, with appropriate train-
ing and oversight, it is possible to use these platforms in
LMIC and decentralized health facilities, assuming that
internet connection is possible via a mobile phone net-
work. Mozambique continues to use the Zoom platform
to discuss complex DR-TB cases on a weekly basis, which
we believe improves care, addresses adverse effects and,
if appropriate, ensures that people with TB have access to
recommended individualized drug regimens. With the
recent pivot away from injectable aminoglycosides for the
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treatment of DR-TB, audiology screening is no longer regu-
larly needed for people on all-oral regimens, and recent
studies have also shown that very few people with DR-TB
have clinically significant prolongation of the QTcF inter-
val. Hearing loss is one of the main causes of morbidity
in young children and adults, and routine screening and
simple interventions using the ShoeBox® platform could
address this public health issue. Heart disease is also a
global health challenge, and access to high-quality ECGs
at low cost would be a great benefit for the healthcare of
people in LMIC. Countries will need to develop a strat-
egy and a sustainable model to support these platforms in
these and other contexts. Lastly, this study suggests some
ways in which these platforms can be used successfully
and challenges that would need to be addressed. However,
more research is recommended into the correct, complete
use and acceptability of the simplified devices, including
challenges of implementing the innovations, especially in
remote areas. In addition, validating the simplified audi-
ometry and ECG in Mozambique is highly recommended.
This sought to be nationally representative, including rural
and urban health facilities in all regions, allowing for a bet-
ter understanding of the phenomenon under investigation.
To ensure the inclusion of all socioeconomic strata, most of
the interviews with people with TB in Nampula province
were conducted in Emakua (the most spoken language in
Nampula). This required a translator who was proficient in
both Portuguese and Emakua and who was also familiar-
ised with the topic guides. The study team identified a qual-
ified translator for this purpose. Although all the people
with TB were under long treatment regimens with inject-
able aminoglycosides, data about specific treatment drugs
and adverse effects were not collected. The literature on the
usability of similar devices in health was limited, which pre-
vented a better understanding of the phenomenon under
study. It should be noted that recent WHO recommenda-
tions and Mozambican NTP guidelines have ended the use
of injectable aminoglycosides in almost all DR-TB patients,
in favor of shorter, exclusively oral regimens. As a result, the
need for audiology testing has been eliminated for DR-TB.
However, the NTP continues to hold weekly DR-TB clinical
case discussions using the videoconferencing system and
continues to carry out some ECG monitoring of adverse
effects. Nonetheless, few clinically relevant adverse effects
associated with ECG have been identified.

Conclusions

Our study highlights the usage and understanding of
the relevance of simplified tools for monitoring TB
treatment adverse effects. Healthcare providers had
a consolidated understanding of the importance of
audiometry; however, the limited number of devices
and lack of training hampered better service delivery.
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On the other hand, people with DR-TB perceived the
value of these testing platforms as a quick and practical
way to monitor the adverse effects of DR-TB treatment.
Adequate training, network and electricity supply, and
a variety of consumables were vital for the successful
and correct use of these innovations.

Abbreviations
BDQ Bedaquiline
DLM Delamanid

DR-TB  Drug Resistant Tuberculosis

ECG Electrocardiogram

FGD Focus Group Discussions

HAI Health Alliance International

DI In-depth interviews

LMIC Low- and middle-income countries

NTP National TB Program
WHO  World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/544263-024-00039-4.

Additional file 1. In-depth interview guide.

Additional file 2. Focus group discussion guide.
Additional file 3: Table S1. Coding and analysis framework.
Additional file 4. COREQ checklist.

Acknowledgements

The authors would like to express their gratitude to the Mozambican Ministry
of Health and the study participants for their participation and support. We
would also like to thank the National Tuberculosis Program for its contribution
to the establishment of the study and the Provincial Health Directorates and
the health facilities for their support during the fieldwork. Special thanks go
to Mr. Paulo Tembe for his support during the data collection phase and Drs.
Joanna Gliemann and Denise Banze for reading and sharing their contribu-
tions to the article.

Authors’ contributions

Fund acquisition and study design: PN, CM, IM, CK and JC. Data collection: PN, AZ,
CN, SRC, RC, CM, PZ, IM, CK, JC. Data analysis: PN, AZ, CN and RC. Writing of the first
draft: PN, AZ, CN and RC. Review and editing of the manuscript: PN, AZ, CN, SRC,
RC, CM, PZ, IM, CK, and JC. All authors read and approved the final manuscript.

Funding

This research was partly supported by a grant from the Stop TB Partnership’s
TB REACH initiative funded by the Government of Canada, Ottawa, ON,
Canada, and the Bill & Melinda Gates Foundation.

Availability of data and materials

The underlying data obtained in this study included audio recordings that
cannot be shared as they contain identifying information. The interview guides
coding and the framework are provided as Additional files 1, 2, and 3: Table S1.

Declarations

Ethics approval and consent to participate

The study was performed in accordance with the study protocol, the Declara-
tion of Helsinki (October 2013), and was approved by the Institutional Ethics
Committee of the Instituto Nacional de Saude (National Institute of Health) in
Maputo, Mozambique (Ref. no. 064/CIBS-INS/2019) and by the University of
Washington, Human Subject Division, IRB Committee J, (Ref. Study00006261).
Results of the interviews and FGDs were anonymized during transcriptions

to protect the study participants. All participants provided individual written

Page 9 of 10

informed consent. Participants'thumbprints alongside witness signatures
were taken for respondents who were unable to read or write. Participants
were not paid for their participation in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Instituto Nacional de Satde, Marracuene, Mocambique. 2Departamento

de Matemdtica e Informatica, Faculdade de Ciéncias, Universidade Eduardo
Mondlane, Maputo, Mocambique. *Departamento de Matemética, Faculdade
de Ciéncias e Tecnologia, Universidade Nova de Lisboa, Lisboa, Portugal.
“Health Alliance International, Maputo, Mocambique. °Programa Nacional de
Controlo da Tuberculose, Ministério da Satide, Maputo, Mogambique.

Received: 1 June 2023 Accepted: 10 January 2024
Published online: 14 February 2024

References

1. WHO consolidated guidelines on tuberculosis. Module 4: treatment -
drug-resistant tuberculosis treatment, 2022 update [Internet]. Available
from: https://www.who.int/publications-detail-redirect/9789240063129.
Cited 2023 Jan 30.

2. Global tuberculosis report 2022 - World | ReliefWeb [Internet]. 2022. Avail-
able from: https://reliefweb.int/report/world/global-tuberculosis-report-
2022. Cited 2023 Jan 29.

3. Ministério da Saude. Avaliagdo e manejo de pacientes com TB, Normas
Nacionais. 2019.

4. Khoza-Shangase K, Stirk M. Audiological testing for ototoxicity monitor-
ing in adults with tuberculosis in state hospitals in Gauteng, South Africa.
South Afr J Infect Dis. 2016;31(2):44-9. Available from: https://sajid.co.za/
index.php/sajid/article/view/89. Cited 2023 Jan 24.

5. Cowan J, Cowan JG, Barnhart S, Demamu S, Fiseha D, Graham W, et al. A
qualitative assessment of challenges to tuberculosis management and
prevention in Northern Ethiopia. Int J Tuberc Lung Dis Off J Int Union
Tuberc Lung Dis. 2013;17(8):1071-5. Available from: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC4582423/. Cited 2023 Jan 24.

6. Dillard LK, Martinez RX, Perez LL, Fullerton AM, Chadha S, McMahon CM.
Prevalence of aminoglycoside-induced hearing loss in drug-resistant
tuberculosis patients: A systematic review. J Infect. 2021;83(1):27-36.

7. Mbuagbaw L, Guglielmetti L, Hewison C, Bakare N, Bastard M, Caumes E,
et al. Outcomes of bedaquiline treatment in patients with multidrug-resistant
tuberculosis. Emerg Infect Dis. 2019;25(5):936-43. Available from: https://
www.ncbi.nim.nih.gov/pmc/articles/PMC6478224/. Cited 2023 May 20.

8. Hong H, Budhathoki C, Farley JE. Increased risk of aminoglycoside-
induced hearing loss in MDR-TB patients with HIV coinfection. Int J
Tuberc Lung Dis Off J Int Union Tuberc Lung Dis. 2018;22(6):667-74.

9. HongH, Dooley KE, Starbird LE, Francis HW, Farley JE. Adverse outcome
pathway for aminoglycoside ototoxicity in drug-resistant tuberculosis
treatment. Arch Toxicol. 2019;93(5):1385-99.

10. MISAU. Relatério Anual do Programa 2021. 2021. p. 42. Available from:
https://www.misau.gov.mz/. Cited 2022 May 9.

11. Wrohan |, Redwood L, Ho J, Velen K, Fox GJ. Ototoxicity among
multidrug-resistant TB patients: a systematic review and meta-analysis.
Int J Tuberc Lung Dis. 2021;25(1):23-30.

12. INE. IV Recenseamento Geral da Populagdo e Habitagao, 2017 Resultados
Definitivos — Mocambique. Instituto Nacional de Estatistica; 2019. Avail-
able from: https://shorturl.at/kmvXZ. Cited 2023 May 27.

13. Malterud K, Siersma VD, Guassora AD. Sample size in qualitative interview
studies: guided by information power. Qual Health Res. 2016;26(13):1753-60.

14. Fusch PI, Ness LR. Are we there yet? Data saturation in qualitative
research. Qual Rep. 2015;20(9):1408-16.

15. Elo 'S, Kaéridinen M, Kanste O, Polkki T, Utriainen K, Kyngds H. Quali-
tative content analysis: a focus on trustworthiness. SAGE Open.
2014;4(1):2158244014522633. Available from: https://doi.org/10.1177/
2158244014522633. Cited 2023 May 20.


https://doi.org/10.1186/s44263-024-00039-4
https://doi.org/10.1186/s44263-024-00039-4
https://www.who.int/publications-detail-redirect/9789240063129
https://reliefweb.int/report/world/global-tuberculosis-report-2022
https://reliefweb.int/report/world/global-tuberculosis-report-2022
https://sajid.co.za/index.php/sajid/article/view/89
https://sajid.co.za/index.php/sajid/article/view/89
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4582423/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4582423/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6478224/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6478224/
https://www.misau.gov.mz/
https://shorturl.at/kmvXZ
https://doi.org/10.1177/2158244014522633
https://doi.org/10.1177/2158244014522633

Nhassengo et al. BMC Global and Public Health (2024) 2:12

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Singh H, Sittig DF. Measuring and improving patient safety through
health information technology: The Health IT Safety Framework. BMJ
Qual Saf. 2016;25(4):226-32. Available from: https://qualitysafety.bmj.
com/lookup/doi/10.1136/bmjgs-2015-004486. Cited 2023 Jan 29.

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups. Int
J Qual Health Care. 2007;19(6):349-57.

Mbuthia GW, Olungah CO, Ondicho TG. Knowledge and perceptions

of tuberculosis among patients in a pastoralist community in Kenya: a
qualitative study. Pan Afr Med J. 2018;30:287. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC6317384/. Cited 2023 May 20.
Brassard P, Anderson KK, Menzies D, Schwartzman K, Macdonald ME.
Knowledge and perceptions of tuberculosis among a sample of urban
Aboriginal people. J Community Health. 2008;33(4):192-8.

Viney KA, Johnson P, Tagaro M, Fanai S, Linh NN, Kelly P, et al. Tuberculosis
patients’ knowledge and beliefs about tuberculosis: a mixed methods
study from the Pacific Island nation of Vanuatu. BMC Public Health.
2014;17(14):467.

Zurashvili T, Chakhaia T, Kochlamazashvili M, Kamkamidze G, Butsashvili
M. A qualitative study of knowledge, attitude and practice towards tb in
georgia. Georgian Med News. 2022;322:43-7.

Wu'S, Li R, SuW, Ruan'Y, Chen M, Khan MS. Is knowledge retained by
healthcare providers after training? A pragmatic evaluation of drug-resist-
ant tuberculosis management in China. BMJ Open. 2019;9(3):e024196.
Mills J, Fox J, Damarell R, Tieman J, Yates P. Palliative care providers'use of
digital health and perspectives on technological innovation: a national
study. BMC Palliat Care. 2021;20(1):124.

Bondaronek P, Dicken SJ, Singh Jennings S, Mallion V, Stefanidou C. Barri-
ers to and facilitators of the use of digital tools in primary care to deliver
physical activity advice: semistructured interviews and thematic analysis.
JMIR Hum Factors. 2022;9(3):e35070.

Wattanapisit A, Amaek W, Wattanapisit S, Tuangratananon T, Wongsiri

S, Pengkaew P. Challenges of implementing an mHealth application

for personalized physical activity counselling in primary health care: a
qualitative study. Int J Gen Med. 2021;14:3821-31. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC8318008/. Cited 2023 Jan 30.
Barony Sanchez RH, Bergeron-Drolet LA, Sasseville M, Gagnon MP.
Engaging patients and citizens in digital health technology development
through the virtual space. Front Med Technol. 2022;4:958571.
Shojaeemend H, Ayatollahi H. Automated audiometry: a review of

the implementation and evaluation methods. Healthc Inform Res.
2018;24(4):263-75.

Storey KK, Mufioz K, Nelson L, Larsen J, White K. Ambient noise

impact on accuracy of automated hearing assessment. Int J Audiol.
2014;53(10):730-6. Available from: https://doi.org/10.3109/14992027.
2014.920110. Cited 2023 May 20.

Irace AL, Sharma RK, Reed NS, Golub JS. Smartphone-based applications
to detect hearing loss: a review of current technology. J Am Geriatr Soc.
2021,69(2):307-16.

Odendaal WA, Anstey Watkins J, Leon N, Goudge J, Griffiths F, Tomlinson
M, et al. Health workers' perceptions and experiences of using mHealth
technologies to deliver primary healthcare services: a qualitative evi-
dence synthesis. Cochrane Database Syst Rev. 2020;2020(3):CD011942.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC70
98082/. Cited 2023 May 20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10


https://qualitysafety.bmj.com/lookup/doi/10.1136/bmjqs-2015-004486
https://qualitysafety.bmj.com/lookup/doi/10.1136/bmjqs-2015-004486
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6317384/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6317384/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8318008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8318008/
https://doi.org/10.3109/14992027.2014.920110
https://doi.org/10.3109/14992027.2014.920110
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098082/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098082/

	Usability of simplified audiometry and electrocardiogram during treatment of drug-resistant tuberculosis in Mozambique: a qualitative study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study setting
	Study sites
	Study participants and data collection
	Healthcare providers
	People with DR-TB

	Analysis
	Patient and public involvement
	Researcher’s characteristics and reflexivity

	Results
	Socio-demographic characteristics
	Theme 1: people with DR-TB had a limited understanding of the importance of Audiometry and ECG to their treatment
	Knowledge of people with DR-TB about TB disease
	Knowledge of people with DR-TB about the relevance of ECG and audiometry
	Knowledge of healthcare providers about the relevance of ECG and audiometry

	Theme 2: people with TB and healthcare providers attest to the usefulness of Audiometers and ECGs in the early detection of adverse drug effects
	Perception of audiometer applicability in the diagnosis of adverse effects
	Availability and usage of the ECG SmartHeart Pro
	Privacy and testing places within the health facilities
	The use of the video conference system and complementary equipment for the innovations


	Discussion
	Conclusions
	Acknowledgements
	References


