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Abstract

Background In rural Nepal, poor road and transport networks and few testing laboratories impede tuberculosis
diagnosis. A drone transport system was established to transport sputum samples to laboratories with advanced
molecular diagnostic machines — GeneXpert MTB/RIF. This study explored the perceptions of using drones for
tuberculosis diagnosis among community stakeholders, female community health volunteers, and healthcare
providers from communities with drones implemented and without drone programs.

Methods In December 2019, we conducted focus group discussions in two drone-implemented and three without
drone programs. We purposively selected 40 participants: Female community health volunteers (n=16), community
stakeholders (n=18), and healthcare providers (n=6). Focus group discussions employed semi-structured questions,
which were audio-recorded, transcribed, and translated into English. Codebook thematic analysis was performed and
charted using three levels of the socioecological model: individual, community, and health system.

Results We identified four themes (i) Trust in drones underpins successful use for tuberculosis diagnosis; (ii) Drone-
based sample transport optimised connectivity and accessibility for people with tuberculosis and healthcare
providers; (iii) Drones create opportunities to improve community and health system, and (iv) External factors impede
the use of drones to facilitate tuberculosis diagnosis. The study reported, at an individual level, people’s trust in drones
mainly through community-based events. For local healthcare providers, drones reduce transport time, opportunity
costs, and immediate cash costs of transport. At the community level, drone use creates opportunities to increase

the skills of local people as drone pilots. At the health system level, drone transport increases efficient sputum sample
delivery and provides opportunities to transport medicines and other biomedical samples. Perceived challenges of
using drones were adverse weather, limitations in skilled human resources, and financial resources to operate drones
sustainably.
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to healthcare in geographically remote communities.

Conclusions Healthcare providers, female community health volunteers, and community stakeholders reported
high levels of trust in drones and perceived their use for tuberculosis diagnosis and care to substantially benefit
people with tuberculosis and providers in rural Nepal. There was a high level of demand for application to other
healthcare services and wider geographical coverage, demonstrating drones as a potential tool for enhancing access
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Background

Tuberculosis (TB), despite being a preventable and cur-
able disease, kills 1.4 million people every year [1]. In
2021, the World Health Organization (WHO) reported
that of the estimated 10.6 million people who developed
TB, only 7.1 million were diagnosed by the national TB
programs (NTP) [1]. Approximately 80% of this mortal-
ity and morbidity occurs among people from low- and
middle-income countries (LMICs) due to a myriad of
factors including remote geographical terrain and poor
road networks, wide use of insensitive diagnostic tools
for TB, centralized laboratory services, and inadequate
knowledge of TB [1]. All these conditions hinder access
to health centres and timely diagnosis of TB [2—4]. Undi-
agnosed TB cases or incomplete treatment contribute to
increased transmission, resistance to drugs, catastrophic
costs, mortality and chronic ill-health [5-7]. Therefore,
locally appropriate, innovative, and comprehensive mul-
tidisciplinary strategies are needed to address these bar-
riers and achieve the goals of the END TB plan by 2030
[8].

Drones, or uncrewed aerial vehicles, are increasingly
used in environmental science, emergency response,
disaster management, and health to overcome logis-
tic impediments and deliver services in geographically
remote areas [9]. Drones have been tested to deliver med-
icine and vaccines in emergencies and in geographically
challenging terrains to improve health care. They are also
used in the transfer of biomedical samples to improve
disease diagnosis and to map vectors to identify possible
disease transmission and prevent it [10—12]. Drones can
reduce the time for healthcare access and delivery as well
as healthcare costs both for patients and the health sys-
tem [13, 14]. They are a potentially efficient technology to
deliver services and improve access to healthcare [10, 15].

In Nepal, a lower-middle-income country in South
Asia, TB is a major public health problem and the seventh
leading cause of death. Every year approximately 69,000
Nepali people develop active TB but less than 50% are
diagnosed through the NTP [16]. The NTP system largely
relies on passive case finding, in which people who expe-
rience TB symptoms self-present at health centers to be
assessed and diagnosed with the disease. This approach
is a barrier to accessing health services, resulting in
delayed diagnosis, particularly for people living in rural
areas [4, 17-19]. Delays of 40—-60 days for TB diagnosis

for people living in rural Nepal [20, 21] impose a sig-
nificant financial burden of diagnostic, treatment costs
and poor health outcomes for people with TB and their
families and also amplify negative social consequences
such as stigma, and poor mental health conditions such
as anxiety and depression [4, 22—24]. To address these
challenges and accelerate the diagnosis of TB, the WHO
Global TB Programme recommends intensified research
and innovation through the integration of digital health
technologies into TB prevention, diagnosis, and manage-
ment to reach END TB targets [25, 26]. One such tech-
nology is drone transport systems.

In Nepal, drones have been widely used for personal
or professional photographs and videography but also
their uses in agriculture, geographical mapping, con-
servation and health care are increasing. Following the
2015 Gorkha earthquake, drones have been extensively
used for damage assessment, mapping of humanitarian
crises, and search and rescue operations [27]. However,
the use of drones in healthcare is limited, yet increas-
ingly being explored. Thapa (2021) conducted a feasibility
study showing that cargo drones, capable of carrying up
to 12 kg, were successful in test flights to deliver COVID-
19 vaccines in the remote Humla district. The report
concluded that drones could be an effective tool to safely
transport vaccines, save time and reduce transporta-
tion costs [28]. Similarly, Berninzon and Vongasemjit
discussed the potential benefits of drones for vaccine
delivery and saving children’s lives in rural communi-
ties in Nepal [29]. However, despite the broad potential,
the implementation of drones for healthcare delivery in
remote rural Nepal is in its infancy.

TB programmes have tested using drones in remote
geographical environments in Nepal, Papua New Guinea,
Madagascar, and Malawi to transport sputum samples
for TB tests [11, 15, 30]. In Nepal, Birat Nepal Medical
Trust (BNMT), a national non-government organization
working on TB with over 50 years of experience in Nepal,
piloted the use of drones to improve TB diagnosis by
transporting sputum samples [31]. The use of drones was
integrated within its community-based active TB case-
finding programme. Utilizing drones in TB diagnosis and
treatment may potentially minimize opportunity costs
associated with transportation and time for both people
with TB and healthcare providers and thus contribute to
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improved person-centered TB care and equity of access
for people in rural communities.

The use of unauthorized drones in Nepal over
restricted heritage sites and security-sensitive areas
prompted the government to rapidly implement strict
flight procedural guidelines for drone operations [32].
Drones are restricted in populated zones and areas noti-
fied by local, state, or federal governments. Additionally,
operations within 5 km of aerodromes, over emergency
service operations, or in controlled airspace require spe-
cial permissions. Drones are classified by maximum take-
off weight into four categories: very low risk (under 250
gm), low risk (250 gm to 2 kg), regulated low risk (2 kg
to 25 kg), and regulated high risk (above 25 kg) and those
weighing more than 25 kg are not permitted for opera-
tion [33].

Furthermore, despite the documented advantages of
using drones, initial applications within military and
surveillance programs as well as their misuse for privacy
invasion have raised concerns about safety and privacy
[10, 11]. The World Health Organisation (WHO) guid-
ance on ‘Ethics and governance of artificial intelligence
for health’ recommends that the successful application
of artificial intelligence technologies such as drones and
computer-aided detection for TB diagnosis requires an
understanding of users and providers’ perspectives on
acceptability, respecting their rights and autonomy to
decide on health choices and providing context-specific
information to stakeholders [34]. Therefore, to launch
a new technology such as drones in communities, peo-
ple’s trust is crucial to success [35—37]. Programs should
engage with local contexts in close consultation with
community members before, during, and after project
implementation to ensure the program aligns with local
needs and expectations [38, 39].

This study explored community stakeholders;, Female
Community Health Volunteers (FCHVs), and healthcare
providers’ perceptions towards using drones for TB diag-
nosis in communities with (drone experienced) and with-
out (drone-naive) drone operation [11, 14, 36].

Methods

Study design

We conducted an exploratory descriptive qualitative
study using semi-structured focus group discussions
(FGD) to explore the perception of community stake-
holders, FCHVs, and healthcare providers of using
drones for TB diagnosis in the Pyuthan district of Nepal.
This design is suitable for the study as it enabled us to
explore the perceptions of drone and TB stakeholders
within the context of Nepal and permitted the descrip-
tion of similar or contrasting viewpoints held by the
participants [40]. We used the COnsolidated criteria for
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REporting Qualitative research (COREQ) Checklist to
report the study (Additional file I) [41].

Conceptual framework

The study used the socioecological framework to explore
the perception of using drones in TB diagnosis at three
levels: (a) individual level: related to or having an impact
at individual (b) community level: related to interactions,
relationships, and engagement with community peo-
ple as well as the geographical context of that area, and
(c) health system level: related to or impact on broader
health system diagnosis and care [42]. The framework
enables us to improve our understanding of the multi-
level perspectives of using drones in the community and
the contextual factors that impact behaviour and the
environment. Consequently, this knowledge can help to
inform the design of locally appropriate health promo-
tion interventions.

Study setting

The study was conducted in two municipalities of Pyu-
than district, namely Pyuthan Municipality and Jhim-
rukh Rural Municipality. Pyuthan is a mid-hills district
in Nepal (Fig. 1) with a population of 232,019 (2021 cen-
sus). The population includes a significant proportion of
migrant workers, with low literacy levels, and low human
development index [43, 44]. The district encompasses
remote high hills with altitudes ranging from 305 to
3659 m above sea level. Human settlements in the district
do not have adequate road networks, thus limiting peo-
ple’s access to roads and public transportation. Pyuthan
district is classified by the NTP as having a medium TB
burden, with 275 cases reported to the NTP in 2017 [45].

Intervention: drone optimised Therapy System (DrOTS)
project

BNMT implemented the DrOTS project as a pilot inter-
vention in the Pyuthan district in June 2019 to facilitate
access to advanced molecular diagnostic testing for TB
(GeneXpert MTB/RIF) in rural areas. The project estab-
lished a drone network by linking remote health posts to
testing laboratory hubs. The project was approved by 13
authorities of Nepal, including government ministries as
well as provincial and local governmental bodies. Prior
to implementation, BNMT organized a one-day consul-
tative meeting with local government representatives,
including municipal and ward leaders, healthcare pro-
viders, district officials, and the NTP, to discuss project
plans and activities. Throughout the implementation
phase, the BNMT team closely collaborated with dis-
trict and local healthcare facilities, including TB centers,
ensuring alignment with local authorities and health
services. The DrOTS project aimed to establish whether
drone sample transport was a feasible strategy for rural
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Fig. 1 Map of Nepal showing Pyuthan district

Nepal to reduce the severe urban/rural divide in access to
health services. FCHVs verbally screened close contacts
of index patients for TB symptoms, collected sputum
samples where indicated, and delivered the samples to
local health facilities through a process known as ‘active
case finding! The DrOTS project enabled health provid-
ers to expand access to GeneXpert MTB/RIF molecular
testing for TB to remote areas of the district.

The drone transport network used two DJI M600
drones (SZ DJI Technology Co., Ltd, Shenzen, China) to
transport samples from eight remote local health cen-
ters to two testing hubs at Bhingri Primary Health Care
Center (PHCC) and the Pyuthan District Hospital (in
Pyuthan municipality), where GeneXpert MTB/RIF
molecular diagnostic machines were installed. Drone
flights were conducted approximately once a week for
each health center to a fixed schedule. Between June and
November 2019, two drones completed a total of 220
flights, with an average of 18 flights per month, trans-
porting 1,915 sputum samples of presumptive TB cases

for GeneXpert testing. Sixty-two new TB cases were
diagnosed and enrolled to treatment. The average flight
time recorded between a local health center and a Gen-
eXpert center was 5.8 min.

Prior to using drones for sample transportation, BNMT
conducted a one-day orientation program separately for
healthcare providers, FCHVs, and community stakehold-
ers including school teachers, community leaders, and
the local people. The program informed people about the
use of drones in the community and discussed the poten-
tial risks, benefits, and safety measures of using drones.

This qualitative study, embedded within the DrOTS
project was conducted after six months of drone flights
in Pyuthan municipality, (drone-experienced), and in
Jhimrukh rural municipality where there is no current
implementation of drones (drone-naive) (Fig. 2).

Study participants
To include diverse viewpoints from the participants,
the FGDs were conducted with purposively selected
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Fig. 2 Map of Pyuthan showing drone-experienced and drone-naive sites

Table 1 Participants in the focus group discussion (FGD) and
their study area

FGD participants Study area Number of Drone
participants experi-
Female Male enced
site
FCHVs Pyuthan 8 0 Yes
municipality
Jhimrukh rural 8 0 No
municipality
Community stake- Pyuthan 5 5 Yes
holders (community ~ municipality
people and commu-  Jhimrukh rural 4 4 No
nity leaders) municipality
Healthcare providers  Jhimrukh rural 4 2 No

municipality

FCHV: Female Community Health Volunteer

community stakeholders (local people, community lead-
ers, school teachers), FCHVs, and healthcare providers
(Table 1). FCHVs were trained for symptomatic screening
for TB. The volunteers verbally screened close contacts of
index patients for TB symptoms, collected sputum sam-
ples where indicated, and delivered the samples to local

828161 530125

health facilities through a process known as ‘active case
finding. Healthcare providers included all the staff of the
health post such as In-charge of the health post, auxiliary
health worker, and auxiliary nurse midwives, and labo-
ratory assistants. These participants were identified as
important stakeholders in the DrOTS project. Healthcare
providers have an important role in sample collection
and transport via drones. Therefore, we also conducted
an additional FGD with all the available healthcare pro-
viders at the health center of drone naive site to under-
stand their perception of using drones in the future.

The community stakeholders and FCHVs were selected
in consultation with the DrOTS district team and
included residents of the study sites, aged 18 years or
older. FCHVs with over five years of working experience
in health or DrOTS project were selected and invited to
the FGD. The number of FGDs required for the study
was informed by information power and methodologi-
cal guidelines for focus group research [46—48]. All the
participants were approached either by telephone con-
versation or in-person and the purpose of their participa-
tion in the study was explained to them. Of the 43 people
invited, 40 individuals accepted to participate, two male
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Table 2 Example of coding structure applied in the analysis

Code Categories Frame- Theme Quotes
work
level
Less physi- Reduce pro- Indi- Drone- "The use of
cal mobil-  viders'travel vidual based drones has been
ity; no fear time, costs and level sample very effective
of missing  fear transport to me. There
buses; not optimised is less physical
required connectiv-  mobility for vol-
to work ity and unteers. We do
in haste; accessibility  not fear the risk
drone for people  of missing buses
made withTBand  to go home or
work healthcare  doing our work
easier providers in haste. This
has made the
work easier”

community stakeholders of Pyuthan municipality and
one male healthcare provider did not attend the FGD due
to lack of time.

Data collection

In December 2019, data were collected by KD (female,
Research Manager and a PhD student (at the time of writ-
ing) and trained in qualitative research) and BR (male,
Research Associate, Bachelor in Public Health) from five
FGDs: two FGDs in drone-experienced sites and three
in drone-naive sites. The topic, context, and format of
the FGD were explained to the participants, and partici-
pants were provided an opportunity to ask any questions.
Written informed consent was provided by all the par-
ticipants. Participants received Rs 500 (approximately 4
USD) for their time contribution.

The FGDs were conducted in the Nepali language at
the health centers, using semi-structured topic guides
for each participant group. The guides were developed
in English language, translated into Nepali, by bilingual
speakers, and piloted within the research group (Addi-
tional File II). The FGDs collected information on three
domains: (i) individual perception of using drones in
community, (i) perceived benefits of using drones and
(iii) perceived challenges to operationalizing drones in
TB care. The researchers allowed new themes to emerge
in the discussion. FGDs were stopped when KD and BR
felt no new information emerged and data saturation was
reached. Each FGD was audio-recorded and conducted
for approximately one hour. Member checking was done
by listing and summarizing key points of discussion for
participants, to ensure information accurately reflected
the discussion. KD and BR conducted a debriefing meet-
ing after every FGD.
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Table 3 Categories and themes identified during codebook

thematic analysis

S.N. Themes Categories

1. Trustin drones 1.1
underpins suc-
cessfulusefor 12
TB diagnosis

Seeing drones physically and under-
standing their uses build trust
Prior knowledge of the use of drones
determined trust

1.3 Information on drone use develops trust

in TB interventions

Drone-based 2.1
sample trans- 22
port optimised

Reduce distance and travel time

Reduce providers'travel time, costs and
anxiety

connectivity 2.3 Overcome transportation obstructions
and accessibil- ) ) )
) 24 Improve recording of TB diagnosis
ity for people
with TB and 25  Efficient delivery of sputum samples for
healthcare TB diagnosis
providers

3. Drones create 3.1  Opportunities to develop skills using
opportunities new technology
to improve 3.2 Opportunity to improve knowledge of
community drones and TB among the community
and healthcare 3.3 Opportunities for improved
system communication

34  Adapting experience of drone imple-
mentation beyond TB diagnosis

3.5 Capitalizing local human resources to
improve TB diagnosis

4 External factors 4.1  TB-related stigma discouraged sample
impede the collection
useofdrones 42  Drone flights are delayed by adverse
to facilitate TB weather

diagnosis 4.3 Costs and human resources to operate

drones are limited

Analysis

Data were manually analysed using codebook thematic
analysis [49]. FGDs were transcribed verbatim in the
Nepali language and translated into English by KD. KD
and BR read the transcripts thoroughly and initially con-
ducted open coding independently. Coding involved an
iterative process, which matched, updated, and com-
pared the responses within and among the groups. KD
listed all the codes and grouped them into categories in
close consultation with KSA (Associate professor and
KD PhD supervisor, Karolinska Institute), which were
then mapped to appropriate levels on the socio-ecologi-
cal framework. Categories were charted and grouped to
develop meaningful predominant themes. An illustration
of the coding structure is shown in Table 2.

Results
We identified four main themes from the study, which
are summarized in Table 3.
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Theme 1: Trust in drones underpins successful use for TB
diagnosis

Participants emphasized that trust in drones was neces-
sary prior to their use to support TB diagnosis. Partici-
pants perceived that trust in drones was strengthened
after seeing the drones physically, receiving trusted infor-
mation or having prior knowledge.

a. Individual level

Seeing drones physically and understanding their uses builds
trust

In the drone-experienced sites, the majority of the par-
ticipants were not aware of drones before seeing them
in the community. Participants reported subsequently
developing trust that the drones would be used appro-
priately for better healthcare with increased familiarity.
People who saw drones for the first time wondered about
the uncrewed mechanism of drones:

“I was surprised to see a helicopter-like object
[drone] can fly without human driving it” FCHV,
Drone experienced site.

Knowledge of drones among participants expanded by
attending community events such as drone launching
and local festivals where drones were flown. Such events
increased understanding of the appearance of drones,
their uncrewed flight mechanism, and maximum pay-
load. Community stakeholders and FCHVs claimed
that flying drones by displaying TB awareness messages
increased awareness of the drone technology and people’s
willingness to be tested for TB because they perceived
advanced technology healthcare was being applied:

“It has been easier to receive sputum samples from
people as they believe that sputum diagnosis will be
done in a better technology machine” FCHV, Drone
experienced site.

FCHVs also shared that when they saw drones transport-
ing sputum samples from one health center to another
without incident, it reassured them that drones could be
used for safe and efficient delivery of sputum samples:

“I used to walk to health centers to deliver collected
sputum samples. I saw sputum samples put inside
that box [drones] and it flew away so high. After
some time, I received a phone call from the health
office that it was delivered. I was so happy to know it
was delivered so fast” FCHV, Drone experienced site.
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Participants from both sites did not express any fears of
drones flying in the community. Participants were confi-
dent that the drones were being used for healthcare pur-
poses and that they would not capture pictures or videos.
A community stakeholder stated:

“Drone is new for us but has no risks. No one is
scared because there are also airplanes and heli-
copters flying in the sky. So, the drone also does not
disturb. If it was moving on the road, it might scare
us” Community stakeholders, female, Drone experi-
enced site.

Prior knowledge of the use of drones determined trust

At the drone-naive sites, a few participants who had prior
awareness of various applications of drones expressed
trust in them. A few community stakeholders were
aware from media sources, word-of-mouth or seeing
drones used for geological mapping, that drones could
take images and record information. One healthcare
provider knew that drones were being used for multiple
purposes. Having seen drones used in multiple sectors,
they believed that drones are an innovation of science,
and described them as effective and reliable machines
to transport [samples] quickly, which they perceived as a
priority need for improved health in Pyuthan district.

“Drone is a trustworthy machine to transport spu-
tum samples of presumptive TB patients to labo-
ratory centers and we can also receive test reports
immediately. It will help us to diagnose more TB
cases” Healthcare provider, Female, Drone-naive
site.

b. Community level

Information on drone use develops trust in TB interventions
Participants from both sites suggested prioritizing
community-level awareness programs on drones to
build a positive attitude toward the drone transport sys-
tem. Community stakeholders from drone-experienced
sites emphasized informing people about the purpose
of drones in TB diagnosis, proper handling of drones,
and activities that damage the drone equipment or hin-
der flight operations. It was suggested such information
should be disseminated through trusted sources such as
schools, local radio channels, and television, to improve
awareness and promote trust in both drones and the TB
programme:

“School level awareness activities on drones devel-
oped understanding of drones among our [secondary



Dixit et al. BMC Health Services Research (2024) 24:1543

level government] school students as well as helped
to raise awareness on knowing the symptoms of TB
and people could be diagnosed with TB’ (Commu-
nity stakeholder, Female, Drone experienced site)

Theme 2: Drone-based sample transport optimised
connectivity and accessibility for people with TB and
healthcare providers

a. Individual level

Reduce distance and travel time

Participants from both sites believed that drones over-
came geographical barriers by increasing the accessibil-
ity of health services for people in remote communities.
Community stakeholders and healthcare providers per-
ceived drones reduced peoples’ visits to health centers by
transporting sputum samples from communities among
high-altitude hills with poor road networks. This service
particularly benefitted people with TB and/or disabilities
and elderly people who struggle to walk long distances,
especially in rural terrain. A community stakeholder
expressed this advantage:

“If drones go to places where buses are not available,
then people do not need to walk for a long time to
receive care. It will be beneficial, especially to people
with physical disability or discomfort, old aged peo-
ple, and people living in minimum socio-economic
conditions” (Community stakeholder, Male, Drone-
naive site)

Drones also assisted FCHVs in transporting large num-
bers of sputum samples from communities to diagnos-
tic centers, with more accurate molecular testing in less
time. FCHVs discussed that the drones also reduced their
waiting time for sample preparation, storage and pro-
vided quick diagnostic reports:

“The drone has saved my time. I do not have to wait
long time at health centers to receive the reports,
and people with positive TB can also start medicines
immediately when the drone brings back the report”
FCHYV, Drone experienced site.

Reduce providers’ travel time, costs and anxiety

In addition, FCHVs reported drones substantially
reduced travel time and opportunity costs. FCHVs often
deliver sputum samples at diagnostic centers using pub-
lic transportation that departs from a designated loca-
tion only once or twice a day. Samples need to be labeled
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and stored in the laboratories which required significant
time at the health centers. They therefore experienced
frequent transportation-related issues such as missing
local buses, working in haste to complete their work and
catch public transport, or having to arrange and pay out-
of-pocket for private transportation, or asking someone
to drop them off at a specific place. FCHVs underscored
the benefits of using drones at work as it reduced their
fear, worry, anxiety or stress regarding transportation

availability:

“The use of drones has been very effective to me.
There is less physical mobility for volunteers. We do
not fear the risk of missing buses to go home or doing
our work in haste. This has made the work easier”
FCHYV, Drone experienced site.

One FCHYV also emphasized that because drones reduced
their working hours, they were able to spend more time
with family, complete their household chores, and sup-
port the family in their agricultural work. This improved
interpersonal relationships and family support for their
professional work.

b. Community level

Overcome transportation obstructions

Participants from drone naive sites perceived that
drones could be used in adverse weather conditions
to provide uninterrupted TB diagnosis. Community
stakeholders and FCHVs discussed the detrimen-
tal effects of persistently high rainfall in Pyuthan
district, which is a frequent occurrence during the
Nepal monsoon. Roads in Nepal are frequently
obstructed due to natural disasters such as floods,
earthquakes and landslides. Participants suggested
that drones could be used to transport healthcare
products when roads or paths are blocked for mul-
tiple days.

c. Health system level

Improve recording of TB diagnosis

Participants perceived that using drones in TB pro-
grams offers wider benefits to the health system. FCHVs
claimed that drones integrated with GeneXpert MTB/
RIF machines make the TB diagnosis, testing, and
reporting process efficient, including tracking the records
of samples that are delivered and tested. One FCHV par-
ticipant shared her experience:
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“After the use of drones and TB diagnosing machines
in our area, there has been improvement in monitor-
ing of presumptive TB people because we collect on-
spot sputum samples and it takes only one-day visit
to get the report” FCHV, Drone experienced site.

Efficient delivery of sputum samples for TB diagnosis

FCHVs compared the time taken by volunteers to deliver
the sputum samples versus the drones and concluded
that drones transport samples much quicker without
compromising the quality of sputum samples and were
thus perceived to improve TB diagnosis.

FCHVs recommended using drones as an ‘on-demand’
service, rather than a fixed flight schedule to diag-
nose more people with TB. Furthermore, providers and
FCHVs mentioned that increasing the number of flights
and sputum collection centers according to the demand
of health centers would increase TB diagnosis. Commu-
nity stakeholders, particularly teachers, suggested using
schools as the collection centers in hard-to-reach areas
where drones can easily take off and land and suggested
teachers could facilitate the sputum collection and trans-
portation to drones.

Theme 3: Drones create opportunities to improve
community and healthcare system

a. Community level

Opportunities to develop skills using new technology

The commonly perceived benefits of using drones within
the TB program were opportunities for community
development. Community stakeholders of the drone-
naive site perceived the drone transport system inte-
gration would bring new services for better health and
develop technological knowledge and skills of health
workers:

“I felt that new technologies are used in Pyuthan, it
is a sign of development in that area. People like us
and those working in health services will see and get
opportunities to learn using it” Community stake-
holders, Male, Drone-naive site.

Opportunity to improve knowledge of drones and TB among
the community

FCHVs and Community stakeholders believed that oper-
ating drones to facilitate TB diagnosis could make use of
local human capacity and community resources, which a
participant described as ‘gaining two for the price of one’
They felt that individuals such as community leaders,
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healthcare providers, and FCHVs could have instru-
mental roles in spreading positive awareness about both
drones and promoting TB diagnosis and care seeking.
FCHVs stressed using the well-established network of
FCHVs and Mothers groups would help to develop or
increase trust with local communities, which will ulti-
mately increase utilization of local health services.

b. Health System level

Opportunities for improved communication

FCHVs shared that when drones transported sputum
samples, it allowed them to spend more time with people
with TB, to communicate about medicine adherence, side
effects, infection control, and adopting healthy behavior
to cope with TB illness.

Adapting experience of drone implementation beyond TB
diagnosis

The healthcare providers, FCHVs and community stake-
holders perceived that knowledge gained by using drones
for transporting sputum samples in the TB program is
an opportunity to widen the use of drones beyond TB
diagnosis. Healthcare providers stressed the need for
drones in rural areas to deliver people-centered care and
hoped to expand the use to deliver medicines and bio-
logical samples such as blood, urine, and stool samples.
The drone transport system was commonly perceived to
potentially benefit people with TB by decreasing neces-
sary visits to distant health centers:

“People when come to health facilities with TB
symptoms, are already very weak. They come from
high hills. Sometimes people carry the sick people
in doko’ [a large bamboo basket carried on people’s
back] and bring them here. It is difficult for them,
especially until their second month, to adhere to
treatment regularly. Transporting medicines from
drones will reduce this problem” Healthcare pro-
vider, Male, Drone-naive site.

Capitalizing local human resources to improve TB diagnosis

FCHVs in drone-experienced sites reflected that the
ongoing advocacy activities around drones also helped
increase recognition of the work of FCHVs in the com-
munity and healthcare. A participant mentioned that if
health programs inform people about the work FCHVs
are doing, it would collectively increase the credibility
of their work, build trust among people and facilitate
people receiving better quality of healthcare from their
services. Community stakeholders deemed mobilizing
local resources to operate drones to be a potential avenue
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toward the sustainability of the use of drones in TB and
broader health programs. FCHVs also expressed their
willingness to operate drones. Collectively, FCHVs per-
ceived the integration of drones into the TB program as
an opportunity to improve the skills and capacity of the
healthcare providers:

“We can also operate drones if we are provided
training” FCHV, Drone experienced site.

Theme 4: External factors impede the use of drones to
facilitate TB diagnosis

a. Individual level

TB-related stigma discouraged sample collection
Participants reported the challenges of using drones in
TB diagnosis include the deep-rooted stigma associated
with TB disease in the community and people’s hesitancy
to provide sputum samples for testing. FCHVs mentioned
that many people are still unwilling to give their sputum
samples to volunteers for testing, take TB medicines, or
deny the fact that they have a cough or other symptoms
of TB. Therefore, before using drones for TB diagnosis,
the group recommended conducting complementary
knowledge enhancing interventions by educating people
on the signs and symptoms of TB, ways to prevent it and
the importance of testing for TB when symptomatic.

b. Community level

Drone flights are delayed by adverse weather

FCHVs mentioned that adverse weather conditions such
as foggy weather or heavy rain that are typical during
monsoon season (mid-June to early September) can be a
challenge for stable takeoff, aerial flights and landings.

c. Health system level

Costs and human resources to operate drones are limited
Community stakeholders from drone-experienced sites
expressed concerns that drone flights are limited by the
project duration and external financial support. Sustain-
ability and cost-effectiveness were perceived as impor-
tant issues:

“l assume the financial investment is high. My con-
cern is its use in implementation. Is the money spent
worth the outcome? How can we make sure we use
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drones after the project completes?” Community
stakeholder, Male, Drone experienced site.

FCHVs mentioned that drone use is new in Nepal’s
healthcare and raised the issue of inadequate human
resources to handle the technical aspects of the drone.
One FCHYV explained the need for a drone pilot to oper-
ate the drone software at the time of take-off and landing
caused delays in initiating the drone operation if the pilot
was not available:

“Sometimes, we need to wait for a long waiting time

for a drone to take off due to delays caused by the
pilot. They are not present sometimes or take time to
start” FCHV, Drone experienced site.

By contrast, other FCHVs expressed an eagerness to be
trained as drone operators to solve this issue.

Discussion
The study demonstrated that irrespective of the study
sites, healthcare providers, FCHVs, and community
stakeholders perceived drones as beneficial to overcome
barriers to accessing TB care in the rural hills of Nepal.
Our study highlights the importance of developing
community trust when integrating new technologies,
such as drones, into health services. Studies of accep-
tance by people of healthcare interventions have shown
that trust is an important element which influences the
utilization of novel technology services [50—52]. Engage-
ment and information from trusted community figures
such as healthcare providers and leaders, enhance trust
which was also emphasized by our participants as cru-
cial to building trust and raising awareness among the
public [53]. Seeing drones physically at community-
organized events, having prior knowledge of the varied
uses of drones, and receiving transparent information on
the purpose, uses, and risks of drones developed posi-
tive trust. Unlike other settings, we did not identify con-
cerns regarding either privacy or misuse of drones for
terrorism [10, 14, 15, 35-37, 54]. Of note, drone imple-
mentation projects that have incorporated community
engagement prior to deployment have also reported that
people did not perceive drones as threatening [11, 15,
36]. This proactive involvement may have helped dispel
potential fears and fostered a positive reception because
communities were better informed about the technol-
ogy’s purpose and potential benefits. Conversely, limited
information on new interventions or technology is likely
to evoke myths, misinformation, and hesitancy among
the public and may influence their acceptance and per-
ceived benefits [54, 55]. Early and meaningful commu-
nity engagement has proved effective in building trust,
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promoting equitable access to healthcare services and
improving health outcomes [56, 57].

This study also demonstrated that the use of drones in
the hills of Pyuthan was perceived as beneficial in reduc-
ing the distance, time, and costs of accessing or provid-
ing TB care. Using drones to transport sputum samples
was perceived to reduce long walking distances to the
health centers and particularly benefit elderly people or
people with disabilities who face difficulties in walking. It
was also regarded as beneficial for FCHVs as it reduced
the time required to physically transport sputum sam-
ples from one health center to another. reduced personal
transport costs, walking times, and the fear of missing
buses or public transport availability. A multi-country
study on patient pathway analyses recommended the
need to establish a transport network from health centers
to centralized laboratories to improve diagnostic capac-
ity since three-quarters of people access health centers
where there are no laboratory testing services [58]. Poor
transport infrastructure and road networks are well-
documented challenges for people who are ill to access
health care in Nepal and other low- and middle-income
countries [4, 19, 59], and our study highlights the poten-
tial role of drone transport networks to decrease the for-
midable transport challenges faced by health providers in
rural areas of Nepal. Addressing the transportation barri-
ers in geographically remote terrain is crucial to promot-
ing equitable access to health services, improving health
outcomes, and reducing financial burden.

Similar to studies conducted across countries in Asia
and Africa, our study also identified that drone use ben-
efits the health system [15, 60]. Drones were perceived to
facilitate prompt sample delivery and preserve the quality
of sputum samples by overcoming poor road connections
or frequent road obstructions due to natural disasters.
However, it is also important to note that the perceived
benefits of drones for early diagnosis may have been
reflecting knowledge of the linkage to advanced molec-
ular GeneXpert TB testing facilitated by drones rather
than drones per se. Our findings of the perceived ben-
efits of using drones also mirror results from other stud-
ies that show drones in healthcare have been perceived to
improve access to healthcare and reduce sample delivery
time, sample wastage, and costs for people accessing care
[10, 15, 61-63].

Drones were perceived to offer broader advantages
for healthcare providers at their personal level and as an
opportunity for development. Drones freed their work-
ing hours by reducing sample delivery times, which even
improved interpersonal relationships. This is similar to
a study that reported drones reduced working hours for
healthcare providers and healthcare costs for patients
as benefits of using drone transport systems [15]. In our
study, demands were raised for expanded geographical
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coverage, wider scope of application, and increased fre-
quency of flight, reflecting the highly positive reception
of the drone transport system. Expansion of drone ser-
vices with scarce external resources would require the
need to develop local capacity [15]. We found that pro-
viders were enthusiastic to receive skill-enhancement
training to operate drones. In Nepal, the active mobili-
zation of healthcare providers, community stakeholders,
and FCHVs are proven effective strategies to increase
healthcare access and reduce patient-related costs [6,
7]. Therefore, developing the capacity of FCHVs and
other healthcare providers to operate drones would be
an opportunity to expand the application of drones for
wider healthcare applications, increase the cost-effective-
ness of using drones, and develop safer sample or vaccine
transport mechanisms during future emergencies such
as the aftermath of earthquakes or the COVID-19 pan-
demic [14, 64, 65].

The study findings encompass multifaceted challenges
including combating TB stigma, adapting the technol-
ogy to the environmental conditions and terrain, and
overcoming financial resources and human capacity con-
straints. TB-related stigma and its consequences are a
known barrier to diagnosing and curing TB in Nepal and
other LMICs [4, 66-70]. Therefore, the implementation
of drones for TB diagnosis requires contextual under-
standing and addressing stigma to empower people to be
tested for TB. Operating drones in geographically chal-
lenging areas during rainfall and windy conditions and
with limited technical expertise and financial resources
are also commonly reported challenges in other coun-
tries using drones for medical transportation [11, 36, 71].
Thus, the study underscores the importance of imple-
menting comprehensive contextual strategies to success-
fully apply innovative technology for medical services.

Strengths and limitations

This is the first study in Nepal to explore perceptions
of community stakeholders and healthcare providers
using drones for health service delivery, contributing to
global evidence on stakeholder experiences with drone
implementation for healthcare [36, 37, 54]. The study
establishes knowledge regarding the lived experience
of applying drone technology in Nepali healthcare, and
can inform strategies and recommendations for future
deployment of drones for healthcare applications in
LMICs, including Nepal.

The study was limited to the area where the drone
project was implemented, and a nearby municipality,
and therefore represents a limited group among Nepal’s
many ethnically and culturally diverse communities.
Further research should include perceptions from reli-
gious and political leaders. Although our study revealed
gender-specific benefits, we did not conduct an in-depth
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exploration with a gender lens during the FGDs. Addi-
tionally, we did not explore the perception of higher-level
government policymakers in the current study, whose
engagement is crucial in planning and designing inter-
ventions. Analysis of the policy landscape and stake-
holder perceptions of policy strengths and limitations is
an important topic which also merits in depth analysis as
the field of cargo drone legal regulation is rapidly evolv-
ing globally. Similarly, people with TB were not included
in the FGDs. The inclusion of service end-users perspec-
tives would provide additional perspectives on the chal-
lenges to access TB and other healthcare services, and
the use of drones to facilitate disease diagnosis in Nepal.
Future qualitative evaluations should include community
service users. We have described the project location and
context to facilitate the transferability of the findings to
other similar settings. The location for the drone proj-
ect was initially selected due to the experience of BNMT
with the local community, which identified the commu-
nity and government stakeholders as being receptive to
the implementation of novel technologies, and engaged
and committed collaborators for projects that directly
address community-identified needs. We anticipate that
the recall bias was minimal for the participants as the
study was conducted during the period of drone imple-
mentation. The project team from Nepal Flying Labs and
Birat Nepal Medical Trust conducted numerous commu-
nity engagement events in partnership with local com-
munity leaders, at the implementation site, both before
and during drone implementation. This is likely to have
enhanced the overwhelmingly positive community per-
ceptions reported during the FGDs, with some influence
also on the drone naive site.

Conclusions

Healthcare providers, FCHVs, and community stakehold-
ers reported high levels of trust in drones and perceived
their use for TB diagnosis to substantially benefit peo-
ple with TB and healthcare providers through efficient
delivery of samples, improved diagnostic services, and
reduced travel time. There was a high level of demand for
application to other healthcare services and wider geo-
graphical coverage, demonstrating drones as a potential
tool for enhancing access to healthcare in geographically
remote communities. Contextual community engage-
ment is a critical factor in the successful implementation
of novel technologies for health services.
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