PLOS DIGITAL HEALTH

Check for
updates

G OPEN ACCESS

Citation: Kiwanuka N, Kityamuwesi A, Crowder R,
Guzman K, Berger CA, Lamunu M, et al. (2023)
Implementation, feasibility, and acceptability of
99DOTS-based supervision of treatment for drug-
susceptible TB in Uganda. PLOS Digit Health 2(6):
€0000138. https://doi.org/10.1371/journal.
pdig.0000138

Editor: Piyush Mathur, Cleveland Clinic, UNITED
STATES

Received: October 4, 2022
Accepted: May 30, 2023
Published: June 30, 2023

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pdig.0000138

Copyright: © 2023 Kiwanuka et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

Implementation, feasibility, and acceptability
of 99DOTS-based supervision of treatment for
drug-susceptible TB in Uganda

Noah Kiwanuka'®, Alex Kityamuwesi?®, Rebecca Crowder®, Kevin Guzman®*, Christopher
A. Berger®?, Maureen Lamunu?, Catherine Namale?, Lynn Kunihira Tinka?, Agnes

Sanyu Nakate?, Joseph Ggita?, Patricia Turimumahoro?, Diana Babirye?, Denis Oyuku?,
Devika Patel®’, Amanda Sammann®, Stavia Turyahabwe®, David W. Dowdy’,

Achilles Katamba(»?%*, Adithya Cattamanchi?3%%*

1 Department of Epidemiology & Biostatistics, School of Public Health, College of Health Sciences, Makerere
University, Kampala, Uganda, 2 Walimu, Uganda Tuberculosis Implementation Research Consortium,
Kampala, Uganda, 3 Center for Tuberculosis and Division of Pulmonary and Critical Care Medicine, San
Francisco General Hospital, University of California San Francisco, San Francisco, California, United States
of America, 4 Department of Medicine, University of California San Francisco, San Francisco, California,
United States, 5 Department of Surgery, San Francisco General Hospital, University of California San
Francisco, San Francisco, California, United States of America, 6 Uganda National Tuberculosis and Leprosy
Programme, Ministry of Health, Kampala, Uganda, 7 Department of Epidemiology, Johns Hopkins
Bloomberg School of Public Health, Baltimore, Maryland, United States of America, 8 Department of
Medicine, School of Medicine, College of Health Sciences, Makerere University, Kampala, Uganda,

9 Division of Pulmonary Diseases and Critical Care Medicine, University of California Irvine, Irvine, California,
United States of America

® These authors contributed equally to this work.
F AK and AC contributed equally to this work as senior authors.
* Adithya.Cattamanchi@uci.edu

Abstract

99DOTS is a low-cost digital adherence technology that allows people with tuberculosis
(TB) to self-report treatment adherence. There are limited data on its implementation, feasi-
bility, and acceptability from sub-Saharan Africa. We conducted a longitudinal analysis and
cross-sectional surveys nested within a stepped-wedge randomized trial at 18 health facili-
ties in Uganda between December 2018 and January 2020. The longitudinal analysis
assessed implementation of key components of a 99DOTS-based intervention, including
self-reporting of TB medication adherence via toll-free phone calls, automated text message
reminders and support actions by health workers monitoring adherence data. Cross-sec-
tional surveys administered to a subset of people with TB and health workers assessed
99DOTS feasibility and acceptability. Composite scores for capability, opportunity, and
motivation to use 99DOTS were estimated as mean Likert scale responses. Among 462
people with pulmonary TB enrolled on 99DOTS, median adherence was 58.4% (inter-quar-
tile range [IQR] 38.7—75.6) as confirmed by self-reporting dosing via phone calls and 99.4%
(IQR 96.4-100) when also including doses confirmed by health workers. Phone call-con-
firmed adherence declined over the treatment period and was lower among people with HIV
(median 50.6% vs. 63.7%, p<0.001). People with TB received SMS dosing reminders on
90.5% of treatment days. Health worker support actions were documented for 261/409
(63.8%) people with TB who missed >3 consecutive doses. Surveys were completed by 83
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people with TB and 22 health workers. Composite scores for capability, opportunity, and
motivation were high; among people with TB, composite scores did not differ by gender or
HIV status. Barriers to using 99DOTS included technical issues (phone access, charging,
and network connection) and concerns regarding disclosure. 99DOTS was feasible to
implement and highly acceptable to people with TB and their health workers. National TB
Programs should offer 99DOTS as an option for TB treatment supervision.

Author summary

This is the first study from sub-Saharan Africa reporting both implementation metrics
and implementation feedback on 99DOTS, a low-cost DAT which is already widely used
in India. The implementation assessment was nested within a pragmatic implementation
trial of 99DOTS at 18 health facilities in Uganda with National Tuberculosis and Leprosy
Program (NTLP)-affiliated TB treatment units. Using process metric data from the trial
and theory-informed surveys to subsets of people with TB and health workers, the study
demonstrated that 99DOTS is feasible to implement with high fidelity and more accept-
able to both people with TB and health workers than previously reported in the literature.
We found that 99DOTS is feasible to implement as an alternative method of TB treatment
supervision, and highly acceptable to both people with TB and health workers in Uganda,
supporting its further scale-up as an option for TB treatment supervision. The findings
highlight the importance of adapting and contextualizing DATS prior to implementation,
with specific attention to modifications that reduce stigma and enhance education/moti-
vation as well as connection between people with TB and their health workers.

Introduction

Poor and variable treatment completion persists as a key barrier to ending tuberculosis (TB)
globally [1]. Since the scale-up of directly observed therapy (DOT) in the 1990s, the experience
of TB treatment has changed little for people with TB. Recently, digital adherence technologies
(DATs) have emerged as an alternative to DOT. DATs enable people with TB to take medi-
cines on their own while facilitating remote monitoring and support of medication adherence
by health workers. Although DATS are increasingly being deployed by National TB Programs,
there are limited data on fidelity of implementation, acceptability, and feasibility, particularly
in sub-Saharan Africa.

99DOTS is a low-cost DAT developed specifically for supporting TB treatment adherence.
TB medication blister packs are packed in custom sleeves that reveal toll-free numbers (TFNs)
when pills are removed. People with TB call the toll-free number to confirm medication dosing,
and health workers can monitor adherence through a dashboard accessible via a smartphone or
desktop computer [2]. 99DOTS has been scaled-up across India despite limited data about its
effectiveness in supporting treatment adherence and completion. Studies have also raised imple-
mentation concerns [3-5] and there has been considerable debate as to whether DATs improve
the experience of TB treatment for both people with TB and health workers [6].

Previously, we reported the first randomized trial of 99DOTS-based TB treatment supervi-
sion. The trial found that treatment completion did not improve overall but did improve
among the 52% of people with TB enrolled on 99DOTS during the intervention period. Here,
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we report on the implementation of key components of the 9DOTS-based intervention, as
well as its feasibility and acceptability to people with TB and health workers.

Results

During the study period, 463 people with pulmonary TB were enrolled on 99DOTS within the
first month of TB treatment across 18 participating health facilities. One person with TB could
not be matched to the TB register and was excluded. Of the remaining 462 participants, 296
(64%) were male, median age was 36 (IQR 28-48), 276 (60%) had bacteriologically confirmed
TB, 422 (91%) had not been previously treated for TB, and 191 (41%) were living with HIV.

Fidelity

Calling TFNs to report dosing. The median proportion of expected doses self-reported
as taken by phone calls to 99DOTS was 58.4% (IQR 38.7-75.6) and fell from 71.4% (IQR 42.9-
88.9, n = 456) during the first month of treatment to 46.4% (IQR 21.4-75.0 n = 412) during
the 6™ month of treatment (chi-squared test for trend: p<0.001, Fig 1). When doses confirmed
by health workers were included, the median proportion of expected doses reported as taken
was high overall (99.4%, IQR 96.4-100) and during each month of treatment (range: 96.4-
100%) (Fig 1). Engagement with 99DOTS (i.e., proportion of expected doses reported as taken

100
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Adherence percent (%)
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| |

0
1

T T T T T T
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Month of treatment

————— Median adherence (calls + manual), IQR
Median adherence (calls only), IQR

Fig 1. Adherence by month of TB treatment, reported by calls to 99DOTS (solid line) or a combination of calls and
doses added manually by health workers (dashed line). Adherence over the course of treatment, measured during each
28-day month of treatment. The solid line indicates the proportion of doses confirmed by phone call. The dashed line
indicates the proportion of doses confirmed either by phone call or by health workers (ascertained by self-report or
phone calls to people with TB). The gray shading around each line indicates the inter-quartile range of adherence during
each month of treatment. Median adherence recorded by phone calls was 71.4%, 71.4%, 64.3%, 64.3%, 60.7%, and 46.4%
over months 1-6 of treatment. Median adherence after incorporating manual doses was 96.4% during the first month of
treatment and 100% for months 2-6. IQR: Interquartile range; TB: Tuberculosis.

https://doi.org/10.1371/journal.pdig.0000138.g001
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Table 1. Fidelity to components of the 99DOTS-based intervention.

Daily short message service (SMS) dosing reminders

Proportion of daily SMS sent to people with TB 58,831/ 65,045 (90.5%)
Proportion of daily SMS received by people with TB 58,547 / 58,831 (99.5%)

Health worker support actions

Phone calls

Number of supportive calls to people with TB 980

Proportion of people with TB who received a support call 258 / 462 (55.8%)

Median number of calls per person receiving a call (IQR) 2 (1-4)
Home visits

Number of home visits to people with TB 157

Proportion of people with TB who received a home visit 91/ 462 (19.7%)

Median number of visits per person receiving a home visit (IQR) 1(1-2)
Facility visits

Number of supportive facility visits 219

Proportion of people with TB who came for a supportive facility visit 103 / 462 (22.3%)

Median number of visits per person logging a facility visit (IQR) 1(1-3)

IQR: Inter-quartile range

https://doi.org/10.1371/journal.pdig.0000138.1001

by people with TB calling TFNs) was similar among men and women (median 57.1% vs.
61.9%, p = 0.37) and by age quartile (S1 Table). However, people living with HIV reported
fewer doses by calling TFNs than people living without HIV (median 50.6% vs. 63.7%,
p<0.001); people living with HIV also had a greater decline in engagement over the course of
treatment (p<0.001) (S1 Table, S1 Fig).

Daily SMS reminders. Of 65,045 eligible days, SMS messages were sent on 58,831
(90.5%), and 58,547 (99.5%) were successfully received on handsets belonging to people with
TB (Table 1). The main reason for SMS sending failure was service outage, recorded on 29/
357 (8.1%) days. Reasons for unsuccessful delivery of SMS to people with TB included incor-
rect phone numbers or phones being switched off during repeated SMS delivery attempts.

Support actions by health workers. Health workers were enabled to document support
actions in the 99DOTS app in January 2019. Health workers recorded 980 phone calls made to
258 people with TB, 157 home visits to 91 people with TB and 219 extra facility visits made by
103 people with TB. Of 409 (88.5%) people with TB who did not call TFNs to report >3 conse-
cutive doses at least once, 261 (63.8%) were documented to have received at least one type of
support action (Table 1).

Acceptability and feasibility

Of 86 people with TB enrolled on 99DOTS selected to complete the acceptability and feasibility
survey, three were excluded for incomplete responses. Survey participants were similar to the
remaining population with respect to demographic and clinical characteristics (S2 Table).
Among survey participants, 33% had completed education past the equivalent of secondary
school in the United States; 90% were employed; and the median household size was 5 persons
(Table 2A). Access to a phone was difficult for some, with 14% sharing a phone, 18% changing
their Subscriber Identity Module (SIM) card in the last year, and 71% not having consistent
access to prepaid mobile airtime. Access to airtime was not needed to make calls to 99DOTS.
People with TB reported several methods for remembering to take their medication: SMS
reminder from 99DOTS (n = 45, 54%), setting an alarm (n = 25, 30%), family or friends
reminding them (n = 23, 28%), taking it in the morning or reminding themselves (n = 14,
17%), and hearing a radio program or call to prayer (n = 6, 7%). The majority (n = 47, 57%)
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Table 2. Self-reported characteristics of people with TB and health workers using 99DOTS.

A. People with TB surveyed (N = 83) n (%)
Female 36 (43%)
Age (median, IQR) 35 (26-45)
Education
None 3 (4%)
Primary school 37 (45%)
Secondary school 19 (23%)
Post-secondary education/vocational 24 (29%)
Occupation
Informal employment 22 (27%)
Formal employment 48 (58%)
Not employed (including students) 13 (16%)
Household size (median, IQR) 5(3-7)
Phone access (may indicate more than one)
Owns a phone that no one else uses 71 (86%)
Family shares a phone, primary owner 9 (11%)
Family shares a phone, not primary owner 8 (10%)
Other* 1(1%)
Frequency of changing SIM card in last 12 months
Never 67 (81%)
1-2 times 15 (18%)
Missing 1(1%)
Frequency of having airtime (calling credit)
Always 23 (28%)
Sometimes 58 (70%)
Never 1(1%)
Missing 1(1%)
B. Health workers surveyed (N = 22) n (%)
Female 12 (55%)
Age (median, IQR) 34 (28-40)
Years of experience working with people with TB (median, IQR) 5(3-8)
Number of people with TB treated each day (median, IQR) 10 (5-20)
Number of people with TB using 99DOTS each day (median, IQR) 4 (2-10)
Occupation
Nurse 15 (68%)
Clinical Officer 4 (21%)
Counselor 1 (4%)
Community Health Worker 1 (4%)
Data Officer 1 (4%)

Previously used a smartphone

22 (100%)

Receive data from 99DOTS about people with TB
Daily
3-5 times per week

21 (95%)
1 (5%)

Method used to assess adherence to TB medicines”
Use 99DOTS to see if they are taking their medication

22 (100%)

Ask them when they come to the health facility 15 (68%)

Count the pills left when they come for a refill 20 (91%)

Talk to people with TB on the phone 17 (77%)

Talk to people with TB’ family members 11 (50%)

Home visits 3 (14%)

Clinical improvement 1(5%)
(Continued)
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Table 2. (Continued)

Experienced issues accessing 99DOTSA 20 (91%)
Application not working 17 (77%)
Poor network connection 15 (68%)
No electricity or power 4 (18%)

TB; tuberculosis; IQR: interquartile range; SIM: subscriber identity module
* This person used their community health worker’s phone to call 99DOTS.

A May indicate more than one

https://doi.org/10.1371/journal.pdig.0000138.t002

said that calling 99DOTS took less than one minute whereas 13 (15.7%) reported calls lasting
longer than three minutes. About half of respondents reported that their health worker had
shown them the 99DOTS adherence dashboard during refill visits (n = 41, 49%).

Health workers from 16 of the 18 participating health facilities were surveyed (N = 24).
Two were excluded from this analysis because they reported not having access to 9DOTS
data via smartphone. The 22 health workers surveyed included 15 nurses, four clinical officers,
one counselor, one community health worker, and one data officer (Table 2B). All surveyed
health workers had previous experience using a smartphone and nearly all (95%) reported
receiving 99DOTS adherence data daily. All surveyed health workers reported using 99DOTS
to assess adherence to TB medicines, but also confirmed dosing via pill counts, phone calls,
and/or home visits.

Capability, opportunity, and motivation to use 99DOTS were assessed separately for people
with TB and health workers using Likert scale-based survey questions (S3 Table, S4 Table).

For people with TB, the mean composite score across questions related to capability was
4.39 (95% CI 4.31-4.47). All people with TB (n = 83) agreed they knew how to use 99DOTS;
however, three felt they did not get adequate training, and one other person with TB
responded they did not always know which pill to take next (Fig 2). About 10% (n = 9) did not
know where to find their health workers’ contact information. Most people with TB agreed
that the SMS reminders were helpful (n = 78, 94%). However, it was common for people with
TB to sometimes forget to call 9DOTS after taking their TB medicines (n = 31, 37%).

The mean composite score across questions related to opportunity was 4.13 (95%CI 4.04-
4.22). Stigma was a concern for about one third (n = 25, 30%) of people with TB who indicated
being uncomfortable using 99DOTS in front of others or outside of the home and/or being
worried 99DOTS would make it more likely others would find out they have TB. Almost all
participants reported that it was easy to access a phone to make calls and did not think calling
99DOTS took too much time (n = 77, 93%). However, some struggled with phone charging
(n =39, 47%) and poor network connections (n = 40, 48%). All participants reported that
99DOTS helped make them feel more connected to their health worker and would recom-
mend using 99DOTS to others. Most reported that they made fewer trips to the health facility
because of 99DOTS (n = 73, 88%).

The mean composite score across questions related to motivation was 4.55 (95%CI 4.48-
4.63). All people with TB were optimistic that 99DOTS would help them complete TB treat-
ment and get healthy. They agreed the images and redesigned 99DOTS packaging were helpful
reinforcements, and 60 (72%) reported that their health worker contacted them when they for-
got to take TB medicines or call 99DOTS. Two people with TB indicated that they did not
intend to call 99DOTS after taking TB medicines every day, one of whom indicated concern
about the privacy of their health information. This concern was shared by 18 (22%) people
with TB. However, almost all people with TB, including the one not intending to call, agreed
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Capability 1
Understand 99DOTS : o | 48(4.7,4.9)
Know next pill I tei | 4.7(4.6,4.8)
Reminders help me : e 454.4,4.7)
Received adequate training : e 45(4.3,4.6)
Know HCW contact 1 —e—i 4.4 (4.2,4.6)
Do not forget L s 3.4(3.1,3.7)
Capability (combined) : K 4.4 (4.3,4.5)
Opportunity i
Recommend 99DOTS : o 49(49,5.0)
More connected to HCW : et | 48(4.7,4.9)
Easy to access phone | e 4.5(4.3,47)
Not too much time to use : == 43 (4.1,45)
Fewer trips to clinic | e 4.2(4.0, 4.4)
Not worried about disclosure : e 4.1(3.9, 4.3)
Comfortable using near others : —e— 4.1(3.9, 4.3)
Comfortable using outside home | —e—i 4.0 (3.8, 4.3)
No trouble calling - service lILO—l 3.2(29,34)
No trouble calling - charge H—e—i 3.2(29,34)
Opportunity (combined) : ] 4.1(4.0,42)
Motivation :
Helps complete treatment | o | 49(48,4.9)
Helps make me healthy : | 49(4.38,4.9)
Look forward to message | re 4.8(4.7,4.9)
Packaging helps : 3 4.8(4.7,4.8)
Image motivates me | 2 gl 4.7(4.6,4.8)
I intend to call : o 4.7 (4.6, 4.8)
Imaging helps hide treatment : e 4.6 (4.4,4.7)
Concerned about privacy | —e—i 4.0 (3.8,4.2)
HCW contacts me L 3.8(3.5, 4.0)
Motivation (combined) | o 4.6 (4.5, 4.6)

T T T T 1
Strongly  Disagree  Neither Agree  Strongly
Disagree ) (3) @) Agree
M Average response (95% CI) ©)
Fig 2. Capability, Opportunity and Motivation to use 99DOTS-People with TB. The mean and 95% CI of
responses to each survey question is presented in black. Mean and 95% CI of the combined responses within each

COM-B category are shown in blue. TB: tuberculosis; HCW: health care worker; COM-B: Capability Opportunity
Motivation Behavior model; CI: confidence interval.

https://doi.org/10.1371/journal.pdig.0000138.9002

they looked forward to the motivational audio messages played when they did call 99DOTS
(n =81, 98%).

There were no significant differences in capability, opportunity, or motivation scores by
gender or HIV status. There was also no significant relationship between age and capability or
motivation score, but opportunity scores were significantly higher among older people with
TB (correlation coefficient 0.29, p-value = 0.008) (S1 Table, S2 Fig).
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Capability |
Explaining is easy Understand I ve1 | 5.0 (4.9, 5.0)
99DOTS : et | 4.9(4.8,5.0)
Enrolling is easy | re+ | 4.9(4.8,5.0)
Can identify low adherence | e | 4.9(4.8,5.0)
Reminders help : ——i | 4.8(4.6,5.0)
Task list helps me I —e—i | 4.8(4.6,5.0)
Received adequate training : —e— | 4.7(4.4,5.0)
Remember check adherence | —e—i 4.6 (4.4,5.0)
Capability (combined) : 4 | 48(4.7,5.0)
Opportunity :
99DOTS part of my job I e | 49(4.7,5.0)
Learning 99DOTS is easy : e | 49(4.7,5.0)
Easy to access phone | e | 4.9(4.7,5.0)
99DOTS reduces work-load : —e—i | 46(42,5.0)
Contacting patients is easy 1 e 4.5(4.3,5.0)
Patients like 99DOTS : —e—i 4.5(4.2,47)
Coworkers want 99DOTS | i 4.3(4.0,5.0)
Coworkers like 99DOTS : —— 4.1(3.8,4.0)
Opportunity (combined) | 2 g 4.6 (4.4,5.0)
Motivation g
I recommend 99DOTS : ¢ |350(.0,5.0)
I can use 99DOTS : rei | 5.0(4.9,5.0)
99DOTS improves counseling | o4 [ 4.9(4.8,5.0)
Image helps me educate I et | 49(4.7,5.0)
99DOTS is secure : roi | 4.9(4.7,5.0)
99DOTS improves care : et | 48(4.7,5.0)
I trust 99DOTS | et | 4.8(4.6,5.0)
99DOTS is accurate | e 4.5(4.0,5.0)
Motivation (combined) ! 1 | 48(47,5.0)

Strongly Disagree  Neither Agree Strongly
Disagree Agree
Average response (95% CI)

Fig 3. Capability, Opportunity and Motivation to use 9DOTS-Health workers. The mean and 95% CI of
responses to each survey question is presented in black. Mean and 95% CI of the combined responses within each
COM-B category are shown in blue. TB: tuberculosis; COM-B: Capability Opportunity Motivation Behavior model;
CI: confidence interval.

https://doi.org/10.1371/journal.pdig.0000138.9003

For health workers, the mean composite score across questions related to capability was
4.82 (95% CI 4.69-4.94). Health workers had high scores across all capability-related questions,
with only two negative responses across all 22 health workers and 8 questions (Fig 3). With
respect to opportunity, health worker responses were even more positive than responses of
people with TB with a mean composite score across questions of 4.57 (95%CI 4.44-4.71). Only
two health workers responded negatively regarding coworker opinions of 99DOTS, and one
did not agree that 99DOTS reduced workload. Health workers also had strong agreement
across all but one question related to motivation with a mean composite score across questions
of 4.81 (95%CI 4.68-4.92). Two health workers did not agree that 99DOTS accurately reflected
whether people with TB took their medicines (Fig 3).
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Discussion

In this study nested within a highly pragmatic randomized trial conducted in Uganda, we
found that 99DOTS was feasible to implement and highly acceptable to people with TB and
their health workers. Over 98% of expected treatment doses were reported as taken, including
over half (57.7%) by people with TB calling TFNs. Automated SMS dosing and refill reminders
were delivered with high levels of success and were generally considered helpful. Both people
with TB and health workers considered 99DOTS to be convenient and to increase the connec-
tion between them. Some people with TB reported stigma and privacy concerns, as well as
technical issues with using 9DOTS (phone charging and poor network connection). How-
ever, our data largely represent a more favorable view of 99DOTS than presented from India,
where it was reported to increased workload for health workers and reduce interaction
between people with TB and health workers [3]. Acceptance of 99DOTS by people with TB in
India was hindered by perceptions of reduced contact with health workers and poor counsel-
ing, and health workers reported poor facilitating conditions [5].

Engagement over time has been a key concern with 99DOTS, which requires people with
TB to actively report medication dosing rather than passively recording dosing as occurs with
electronic pill boxes. The 57.7% of overall doses confirmed by phone calls in our study is simi-
lar to that reported in two studies from India and a meta-analysis which included this study
and 10 other DAT implementation projects [7,8]. In addition, the decreased engagement over
the course of treatment is similar to that reported in India by Cross et al [2]. However, through
a combination of self-report and calls to people with TB, health workers confirmed that >98%
of expected doses were taken. Thomas et al also confirmed high levels of adherence (88%)
among people with TB using 99DOTS in India using random urine isoniazid screening [7]. A
study of 99DOTS in Tanzania that used urinalysis to confirm adherence measured by 99DOTS
found a positive predictive value of 95% [9]. Although research is needed to identify opportu-
nities to further increase engagement with 99DOTS, the real-time and quantitative dosing
history provided by the platform has strong potential to enhance TB care relative to routine
care.

Our study provides some of the first systematic data on perceptions of digital adherence
technologies in general, and 99DOTS in particular, from sub-Saharan Africa. We found health
workers and people with TB had high capability, opportunity and motivation to use 9DOTS,
with composite scores between 4 and 5 for all COM-B categories indicating a response
between agree or strongly agree across individual questions in each category. In surveys fol-
lowing implementation of 99DOTS in a mining region in Tanzania, all health workers
reported that the platform helped them provide better care to people with TB, and 97.5% of
people with TB felt 99DOTS helped them adhere and complete treatment. The main challenges
they identified were mobile phone access, and unlike in Uganda, a minimum balance was
required to call the 99DOTS platform [9]. A qualitative analysis from India reported high rates
of acceptability among healthcare workers and fair acceptability among people with TB. The
lower acceptability among people with TB was largely driven by technology concerns (mobile
phone access, poor network signal) and stigma [5]. A minority of people with TB expressed
similar concerns in our study, and the overall high scores across COM-B categories among
people with TB may in part be due to our extensive customization of the 99DOTS platform
using human centered design methods [10,11]. We did not find evidence that 99DOTS weak-
ens the relationship between people with TB and health workers; all people with TB agreed
that 99DOTS helps them feel more connected to their health workers, with 82% strongly agree-
ing. This was similar or superior to Tanzania, where 93% of people with TB agreed and 4%
strongly agreed that 99DOTS helped them feel more connected to their health worker [9].
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Key strengths of our study include that it was nested within a highly pragmatic trial making
interpretation of its findings more broadly applicable to people with TB in Uganda and sub-
Saharan Africa. Additionally, this study applied implementation science frameworks to facili-
tate a comprehensive and theory-based assessment of the implementation of 9DOTS. How-
ever, this study should be interpreted considering some key limitations. First, people with TB
enrolled on 99DOTS may not represent the population of people with TB more broadly in
Uganda. Only 52% of eligible people with TB were enrolled on 99DOTS during the parent
DOT to DAT trial and there was no difference in treatment outcomes in the intention-to-treat
analysis. The largest single reason for non-enrollment was lack of phone access, which is likely
related to broader socioeconomic and gender differences in technology use. Finally, our survey
sample was small, especially among health workers, thus limiting our ability to highlight small
differences in capability, opportunity, and motivation.

In conclusion, we found that 99DOTS was feasible to implement, and more acceptable to
both people with TB and providers than has been previously reported in the literature. These
findings highlight the importance of adapting and contextualizing DATSs prior to implementa-
tion, with specific attention to modifications that reduce stigma and enhance education/moti-
vation as well as connection between people with TB and their health workers. Most barriers
to using 99DOTS were within the opportunity domain and reflect challenges with phone
charging and network connection. Further research is needed on how engagement with
99DOTS among people with TB can be enhanced and sustained throughout the treatment
period, and whether the charging and network connection issues reported by a substantial pro-
portion of people with TB can be addressed. But overall, our findings support that 99DOTS-
based treatment supervision should be offered as an alternative to DOT for people with TB
who have access to a phone.

Materials and methods
Study setting and design

This study was embedded within a stepped-wedge randomized trial that assessed the effective-
ness of 99DOTS-based treatment supervision in comparison to routine care [12,13]. The trial
was conducted at 18 health facilities across 15 districts of Uganda between December 2018 and
January 2020 [13]. Briefly, during the intervention period at each health facility, health workers
offered people with TB 99DOTS-based treatment supervision. The 99DOTS platform was con-
textually adapted using human centered design methods [10]. 99DOTS envelopes were re-
designed to have a booklet appearance that concealed pills to reduce stigma and to include
health worker contact information, pictorial pill-taking instructions, and educational/motiva-
tional messaging. The ring tone people with TB heard when making calls to report dosing was
replaced with pre-recorded audio messages from local health workers expressing gratitude,
encouraging medication adherence, and/or providing education around TB treatment. Other
key components of the 99DOTS-based intervention included: 1) dosing reminders daily and
appointment reminders prior to refill visits via short message service (SMS), 2) health worker
support actions (phone calls, home visits, or additional health center visits for people with TB
with sub-optimal adherence).

We conducted a longitudinal analysis to assess implementation of the key components of
the 99DOTS-based intervention and cross-sectional surveys to assess feasibility and acceptabil-
ity to people with TB and health workers. The study was approved by Institutional Review
Boards at the University of California San Francisco and Makerere University School of Public
Health. A waiver of informed consent was granted to extract demographic and clinical data
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from TB treatment registers and the 99DOTS server. Survey participants provided verbal
consent.

Study population

The longitudinal assessment of TB medication adherence included all adults treated for drug-
susceptible pulmonary TB and enrolled on 99DOTS in their first month of treatment during
the intervention period. We excluded people with TB who transferred to other facilities to
complete TB treatment.

In each health facility, surveys (S3 Table, S4 Table) were administered in months 11-13 of
the trial to one or two health workers involved in TB treatment supervision and to a random
sample of 10 people with TB (5 men and 5 women) who were enrolled on 99DOTS and had
not already completed TB treatment.

Data collection

Demographic and clinical data for people with TB. Demographic and clinical data were
obtained from the Uganda National Tuberculosis and Leprosy Programme (NTLP) treatment
registers at participating health facilities. Each month, health facility staff uploaded treatment
register photos to a secure, password protected server. Research staff then extracted individ-
ual-level clinical and demographic data into a secure REDCap database [14].

TB medication adherence data. Enrollment on 9DOTS was confirmed using the Ever-
well Hub, the patient management platform available to programs using 99DOTS. The Ever-
well Hub includes treatment start and end dates, 99DOTS enrollment date, and total
adherence (proportion of expected doses reported as taken). In addition, Everwell Health Solu-
tions provided a detailed dosing report for each person with TB that included all days on treat-
ment while using 99DOTS, daily dosing status (taken or missed) and method of dosing
assessment (person with TB calling TENs or health workers adding doses manually).

SMS reminders and support actions. Everwell Health Solutions also provided a detailed
SMS log for each enrolled person with TB that included all SMS dosing reminders sent to peo-
ple with TB and their delivery status (success, invalid phone number or unsupported number
type). A separate report listed support actions for each person with TB logged by health work-
ers using the 99DOTS app.

Acceptability surveys. Surveys were administered by phone in English or Luganda. All
participants were reimbursed about $3 USD for their time. Surveys assessed perceptions
related to using 99DOTS for TB treatment supervision [15]. Survey questions were informed
by the Theoretical Domains Framework (TDF, §3 Table), an extension of the Capability,
Opportunity and Motivation Behavior change model (COM-B). Health worker surveys also
included selected constructs from the Unified Theory of Acceptance and Use of Technology
(UTAUT), a consolidated framework to explain information systems usage behavior (S4
Table) [16,17]. The surveys included a series of statements assessing selected TDF and/or
UTAUT constructs, and survey participants were asked to agree or disagree with each state-
ment using a Likert scale (strongly disagree, disagree, neither, agree, strongly agree).

Definitions

Adherence to TB treatment over six months of treatment while using 99DOTS was measured
in two ways: 1) using only doses self-reported via calls to TFNs and 2) a combination of self-
reported doses and doses confirmed manually by health workers. For the former, we counted
treatment days when the person with TB called a TEN as doses taken and treatment days when
no call was made as doses missed. For the latter, estimates of adherence were then augmented

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000138  June 30, 2023 11/14


https://doi.org/10.1371/journal.pdig.0000138

PLOS DIGITAL HEALTH

Implementation, feasibility, and acceptability of 99DOTS in Uganda

to include doses confirmed manually in the 99DOTS application by health workers. People
with TB who took more than 6 months of treatment due to treatment interruption or co-diag-
nosis with extra-pulmonary TB had adherence after 6 months censored.

Fidelity of daily SMS dosing reminders was assessed by calculating the proportion of
expected SMS messages sent by the 99DOTS platform and the proportion of sent messages
received by mobile phones used by people with TB. The number of expected SMS messages
was calculated as the total number of days between the date of 9DOTS enrollment and the
treatment end date recorded in 99DOTS. Days when people with TB called 99DOTS prior to
the SMS reminder time were excluded, as the system was designed to cancel automated SMS
reminders if dosing had already been confirmed on a given day.

Health worker follow-up of people with TB with poor adherence (>3 consecutive missed
doses) was assessed using support actions (phone calls, home visits, or facility visits). Support
actions were recorded by health workers in the 99DOTS mobile application. Implementation
was measured using the number of reported support actions overall and per person with TB.

Data analysis

We summarized fidelity to intervention components as proportions with 95% confidence
intervals (CIs) or medians with inter-quartile ranges (IQRs), both overall and for subgroups.
We assessed adherence per month of treatment (sequential 28-day period) from months one
to six. Differences in 99DOTS engagement among people with TB (i.e., proportion of expected
doses reported by calling TFNs) by gender, HIV status and age quartile were compared using
the non-parametric Wilcoxon rank sum test. Responses to 9DOTS acceptability surveys were
scored from 1-5, with 1 being “strongly disagree” (or most unfavorable toward 99DOTS) and
5 being “strongly agree” (or most favorable). If the question was asked such that agreement
indicated an unfavorable impression of 99DOTS, responses were reversed prior to analysis.
Scores were summarized using means with 95% ClIs. Composite scores for capability, opportu-
nity, and motivation were created for each individual by calculating the mean response to sur-
vey questions within that category. Internal consistency among responses to survey questions
related to each COM-B domain was assessed using Cronbach’s alpha. Stata 15 was used for all
analyses [18].

Supporting information

S1 Table. Adherence and Capability, Opportunity, Motivation scores by subgroups
(median, IQR).
(DOCX)

S2 Table. Demographic and clinical characteristics of people with TB surveyed and not
surveyed.
(DOCX)

§3 Table. Survey questions-People with TB.
(DOCX)

S4 Table. Survey questions-Health workers.
(DOCX)

S1 Fig. Engagement of people with TB with 99DOTS by gender, HIV status, and age.
Median adherence over months 1-6 of treatment reported by phone call are shown for men
and women in panel A, for participants with and without HIV in panel B, and by age quartile
(18-28,29-36, 37-48, and 49-89 years) in panel C. There was no significant difference in
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decline in the proportion of expected doses reported by phone call overs months 1-6 of treat-
ment, compared to people living without HIV (p<0.0001).
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S2 Fig. Age and opportunity score. Mean opportunity scores were significantly higher among
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(DOCX)

S1 Data. Data-People with TB.
(XLSX)

S2 Data. Data-Health workers.
(XLSX)

S3 Data. Data-Fidelity.
(XLSX)

Author Contributions
Conceptualization: Stavia Turyahabwe, Achilles Katamba, Adithya Cattamanchi.

Data curation: Alex Kityamuwesi, Maureen Lamunu, Catherine Namale, Lynn Kunihira
Tinka, Agnes Sanyu Nakate, Joseph Ggita, Denis Oyuku.

Formal analysis: Noah Kiwanuka, Alex Kityamuwesi, Rebecca Crowder, Kevin Guzman.

Writing - original draft: Noah Kiwanuka, Alex Kityamuwesi, Rebecca Crowder, Kevin
Guzman.

Writing - review & editing: Christopher A. Berger, Maureen Lamunu, Catherine Namale,
Lynn Kunihira Tinka, Agnes Sanyu Nakate, Joseph Ggita, Patricia Turimumahoro, Diana
Babirye, Denis Oyuku, Devika Patel, Amanda Sammann, Stavia Turyahabwe, David W.
Dowdy, Achilles Katamba, Adithya Cattamanchi.

References
1. World Health Organization. Global tuberculosis report 2020. Geneva; 2020.

2. Cross A, Gupta N, Liu B, Nair V, Kumar A, Kuttan R, et al. 99DOTS: A Low-Cost Approach to Monitoring
and Improving Medication Adherence. Tenth International Conference on Information and Communica-
tion Technologies and Development. ICTD. 2019.

3. Thekkur P, Kumar AN, Chinnakali P, Selvaraju S, Bairy R, Singh AR, et al. Outcomes and implementa-
tion challenges of using daily treatment regimens with an innovative adherence support tool among
HIV-infected tuberculosis patients in Karnataka, India: a mixed-methods study. Glob Health Action.
2019; 12(1):1568826. https://doi.org/10.1080/16549716.2019.1568826 PMID: 30712507

4. PrabhuA, Agarwal U, Tripathy JP, Singla N, Sagili K, Thekkur P, et al. "99DOTS"techno-supervision for
tuberculosis treatment—A boon or a bane? Exploring challenges in its implementation at a tertiary cen-
tre in Delhi, India. Indian J Tuberc. 2020; 67(1):46-53. https://doi.org/10.1016/.ijtb.2019.08.010 PMID:
32192617

5. Thomas BE, Kumar JV, Onongaya C, Bhatt SN, Galivanche A, Periyasamy M, et al. Explaining Differ-
ences in the Acceptability of 99DOTS, a Cell Phone-Based Strategy for Monitoring Adherence to Tuber-
culosis Medications: Qualitative Study of Patients and Health Care Providers. JMIR Mhealth Uhealth.
2020; 8(7):16634. https://doi.org/10.2196/16634 PMID: 32735220

6. Subbaraman R, de Mondesert L, Musiimenta A, Pai M, Mayer KH, Thomas BE, et al. Digital adherence
technologies for the management of tuberculosis therapy: mapping the landscape and research priori-
ties. BMJ Glob Health. 2018; 3(5):e001018. https://doi.org/10.1136/bmjgh-2018-001018 PMID:
30364330

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000138  June 30, 2023 13/14


http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000138.s006
http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000138.s007
http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000138.s008
http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000138.s009
https://doi.org/10.1080/16549716.2019.1568826
http://www.ncbi.nlm.nih.gov/pubmed/30712507
https://doi.org/10.1016/j.ijtb.2019.08.010
http://www.ncbi.nlm.nih.gov/pubmed/32192617
https://doi.org/10.2196/16634
http://www.ncbi.nlm.nih.gov/pubmed/32735220
https://doi.org/10.1136/bmjgh-2018-001018
http://www.ncbi.nlm.nih.gov/pubmed/30364330
https://doi.org/10.1371/journal.pdig.0000138

PLOS DIGITAL HEALTH

Implementation, feasibility, and acceptability of 99DOTS in Uganda

10.

11.

12

13.

14.

15.

16.

17.

18.

Thomas BE, Kumar JV, Chiranjeevi M, Shah D, Khandewale A, Thiruvengadam K, et al. Evaluation of
the Accuracy of 99DOTS, a Novel Cellphone-based Strategy for Monitoring Adherence to Tuberculosis
Medications: Comparison of DigitalAdherence Data With Urine Isoniazid Testing. Clin Infect Dis. 2020;
71(9):e513-€6. https://doi.org/10.1093/cid/ciaa333 PMID: 32221550

Chen A, Kumar R, Baria RK, Shridhar PK, Subbaraman R, Thies W. Impact of the 99DOTS digital
adherence technology on tuberculosis treatment outcomes in North India: a pre-post study. Research
Square; 2022.

Efo E, Onjare B, Shilugu L, Levy J, editors. Acceptability, Feasibility and Accuracy of 99DOTS Adher-
ence Technology in Mining Region of Tanzania. 2021 IST-Africa Conference (IST-Africa); 2021 10-14
May 2021.

Patel D, Berger CA, Kityamuwesi A, Ggita J, Kunihira Tinka L, Turimumahoro P, et al. Iterative Adapta-
tion of a Tuberculosis Digital Medication Adherence Technology to Meet User Needs: Qualitative Study
of Patients and Health Care Providers Using Human-Centered Design Methods. JMIR Form Res. 2020;
4(12):e19270. https://doi.org/10.2196/19270 PMID: 33289494

Berger CA, Patel D, Kityamuwesi A, Ggita J, Tinka LK, Turimumahoro P, et al. Opportunities to improve
digital adherence technologies and TB care using human-centered design. Int J Tuberc Lung Dis. 2020;
24(10):1112-5. https://doi.org/10.5588/ijtld.20.0184 PMID: 33126949

Cattamanchi A, Crowder R, Kityamuwesi A, Kiwanuka N, Lamunu M, Namale C, et al. Digital adherence
technology for tuberculosis treatment supervision: A stepped-wedge cluster-randomized trial in
Uganda. PLoS Med. 2021; 18(5):e1003628.

Crowder R, Kityamuwesi A, Kiwanuka N, Lamunu M, Namale C, Tinka LK, et al. Study protocol and
implementation details for a pragmatic, stepped-wedge cluster randomised trial of a digital adherence
technology to facilitate tuberculosis treatment completion. BMJ Open. 2020; 10(11):e039895. https://
doi.org/10.1136/bmjopen-2020-039895 PMID: 33247012

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture
(REDCap)—a metadata-driven methodology and workflow process for providing translational research
informatics support. J Biomed Inform. 2009; 42(2):377-81. https://doi.org/10.1016/j.jbi.2008.08.010
PMID: 18929686

Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and
designing behaviour change interventions. Implement Sci. 2011; 6:42. https://doi.org/10.1186/1748-
5908-6-42 PMID: 21513547

Sarfaraz J. Unified theory of acceptance and use of technology (Utaut) model-mobile banking. Journal
of Internet Banking and Commerce. 2017; 22(3):1-20.

Venkatesh V, Thong JY, Xu X. Consumer acceptance and use of information technology: extending the
unified theory of acceptance and use of technology. MIS quarterly. 2012:157-78.

StataCorp. 2017. Stata Statistical Software: Release 15. College Station TSL.

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000138  June 30, 2023 14/14


https://doi.org/10.1093/cid/ciaa333
http://www.ncbi.nlm.nih.gov/pubmed/32221550
https://doi.org/10.2196/19270
http://www.ncbi.nlm.nih.gov/pubmed/33289494
https://doi.org/10.5588/ijtld.20.0184
http://www.ncbi.nlm.nih.gov/pubmed/33126949
https://doi.org/10.1136/bmjopen-2020-039895
https://doi.org/10.1136/bmjopen-2020-039895
http://www.ncbi.nlm.nih.gov/pubmed/33247012
https://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/pubmed/21513547
https://doi.org/10.1371/journal.pdig.0000138

