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Abstract
Background: The World Health Organization (WHO) recommends household contact investigation for tuberculosis
(TB) in high-burden countries. However, household contacts who complete evaluation for TB during contact
investigation may have difficulty accessing their test results. Use of automated short-messaging services (SMS) to
deliver test results could improve TB status awareness and linkage to care. We sought to explore how household
contacts experience test results delivered via SMS, and how these experiences influence follow-up intentions.
Methods: We conducted semi-structured interviews with household contacts who participated in a randomized
controlled trial evaluating home sputum collection and delivery of TB results via SMS (Pan-African Clinical Trials
Registry #201509000877140). We asked about feelings, beliefs, decisions, and behaviors in response to the SMS
results. We analyzed the content and emerging themes in relation to the Theory of Planned Behavior.
Results: We interviewed and achieved thematic saturation with ten household contacts. Nine received TB-negative
results and one a TB-positive result. Household contacts reported relief upon receiving SMS confirming their TB
status, but also said they lacked confidence in the results delivered by SMS. Some worried that negative results
were incorrect until they spoke to a lay health worker (LHW). Household contacts said their long-term intentions to
request help or seek care were influenced by perceived consequences of not observing the LHW’s instructions
related to the SMS and follow-up procedures; beliefs about the curability of TB; anticipated support from LHWs; and
perceived barriers to responding to an SMS request for further evaluation.
Conclusion: Household contacts experienced relief when they received results. However, they were less confident
about results delivered via SMS than results delivered by LHWs. Delivery of results by SMS should complement
continued interaction with LHWs, not replace them.
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Background
Tuberculosis (TB) is the ninth leading cause of death
worldwide [1]. To increase timely treatment and reduce
transmission, the World Health Organization (WHO)
recommends household contact investigation for TB in
high-burden countries like Uganda [2]. During household contact investigation, confirmed index patients (i.e.,
those with known TB disease) are approached and a request is made to visit their home with the intention of
identifying undiagnosed TB cases among their household contacts. The proportion of household contacts
who complete TB evaluation in health facilities is low;
this is the major obstacle to effective TB case finding in
households [3, 4]. Moreover, household contacts who
complete evaluation for TB during household contact investigation may have difficulty accessing the results of
their evaluation [3].
To address these gaps, the WHO encourages public
health implementers and researchers to use technology
to create innovative approaches to reduce the burden of
TB [5]. Globally, mobile health (mHealth) technologies
have been used to improve care for a variety of illnesses,
such as HIV, and to improve adherence to treatment [6,
7]. As such, mHealth technologies like SMS text messaging and electronic health records are thought to have
significant potential for addressing challenges to ending
TB [8]. Furthermore, many studies document the acceptability of text messaging for health-related communication, providing hope that SMS could improve
communication between patients and providers and reduce the overall burden of TB on the health infrastructure [6, 9, 10]. However, most studies analyze text
messaging as a means of improving adherence after an
individual has already engaged with the health system.
This overlooks a second important function text messaging could serve: to improve health awareness and facilitate care-seeking among individuals who are not already
in treatment. Use of automated short-messaging services
(SMS) to deliver results could improve TB status awareness and linkage to care [11]. Yet, little is known about
how individuals who receive results via SMS decide to
link to care.
As part of a prospective cluster-randomized trial of a
text-messaging intervention to promote uptake of TB
evaluation and treatment services in households, we carried out a qualitative evaluation of processes and contextual factors to understand participant experiences.
We then used the Theory of Planned Behavior (TPB) as
a conceptual framework to explore how attitudes, subjective norms, and perceptions of behavioral control influenced the intention to respond to an SMS.
Specifically, we explored how household contacts receiving results via SMS influences follow-up intentions. The
TPB has been widely applied to understand the behavior
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of patients [12, 13]. It theorizes that attitudes, subjective
norms, and perceived behavioral control help form behavioral intentions, which are proximal causes of behavior [14]. Belief about whether performing a certain
behavior will lead to a positive or negative outcome influences the attitudes toward the behavior, as do subjective norms, which reflect the individual’s perception of
the expectations of others in his or her community regarding whether he or she should perform a given behavior. According to the TPB, intentions directly affect
behavior, while attitudes and subjective norms influence
behavior indirectly through their effects on intentions
[14]. In contrast, perceived behavioral control affects behavior both directly and indirectly through intentions.

Methods
Study setting and design

Uganda ranks seventh among the thirty countries with
the highest burden of TB/HIV [1], with a TB prevalence
of 253 per 100,000 [15]. Kampala, the capital city, has an
estimated population of 1.5 million people and accounts
for a quarter of Uganda’s annual TB notifications. The
Kampala Capital City Authority (KCCA) provides free
primary health care, including evaluation and treatment
for TB and HIV, at facilities throughout Kampala. This
study took place at six primary health facilities and one
general hospital overseen by the KCCA administration.
All seven sites offer TB diagnostic and treatment services to residents of greater Kampala in specialized TB
units. Each had implemented contact investigation as
part of a program led by the National TB and Leprosy
Programme (NTLP) in partnership with a nongovernmental organization. Lay health workers (LHWs)
based at KCCA facilities visit the homes of TB patients,
screen household members for symptoms of TB, and
refer symptomatic household contacts to health centers
for TB evaluation.
In this setting, we carried out cross-sectional, qualitative interviews to explore the experiences and intentions
of household contacts after they had received SMS messages containing results of laboratory testing for TB. We
conducted semi-structured interviews with household
contacts of TB patients who had received SMS messages
as part of a randomized, controlled trial called the Mobile Health for Implementation of Home-Based TB Contact Investigation (mHealth CI) Study (Pan-African
Clinical Trials Registry #201509000877140). We used
the TPB to develop the interview guide and inform the
analysis.
Characteristics of the home-based mHealth intervention
and SMS messages

In accordance with contact investigation guidelines from
the Uganda NTLP [16] and WHO [2], LHWs visited the
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homes of index patients to identify household contacts.
We defined household contacts as individuals who had
spent one or more days or nights sleeping under the
same roof as an individual diagnosed with microbiologically confirmed pulmonary TB [17]. LHWs then
screened household contacts for TB symptoms and clinical characteristics associated with rapid progression to
active TB (i.e., living with HIV, age < 5 years). For individuals screening positive, LHWs either collected and
transported sputum to facility-based laboratories for
analysis (intervention arm, individuals aged ≥5 years
only) or referred them for follow-up TB evaluation at a
health facility (control arm). All children aged < 5 years
from both arms were referred for follow-up TB evaluation at a health facility. As part of the mHealth CI trial,
household contacts in the intervention arm received
their diagnostic results via SMS. The results of the main
study have been reported elsewhere [18].
The SMS intervention in the trial was designed to provide the results of testing, instructions about additional
evaluation or treatment, and reminders to come to the
clinic for evaluation as needed (Table 1). These messages
were sent to household contacts based on their TB status. Household contacts with confirmed TB were asked
to proceed to the health facility for treatment. Household contacts for whom TB was ruled unlikely were told
that their tests did not show TB and were advised to respond “HELP” if their symptoms did not improve.
Study population, sampling, and recruitment

We identified household contacts from the intervention
arm of the mHealth CI trial. Household contacts were eligible for selection if they had been sent results via SMS
and confirmed as having received the SMS during the
quantitative phase of this mixed-methods study, which
has been published separately [19]. We purposively sampled household contacts to ensure representation by gender and a range of ages. If the selected participant was
under the age of 15 years, we interviewed their parent or
guardian. We planned an interim analysis after every ten
participants had been interviewed and to end recruitment
upon reaching thematic saturation. We defined saturation
by repeated emergence of themes related to how people
felt about receiving results via SMS, independent of what
the results were. We chose to do that because it has been
found out that for most studies with clearly defined aims,
only 10 to 15 interviews per subject group are required to
reach saturation and in rare cases among homogenous
populations as few as 6 interviews per subject group are
required for content validity [20].
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public place of his or her choosing. The LHW then accompanied the researcher (J.G.) to the interview venue
to facilitate introductions, and then left prior to the
interview. The researcher (J.G.) was a male, bachelor’squalified social scientist with 3 years’ experience facilitating qualitative data collection and fluency in both Luganda and English. He interviewed all participants using
a semi-structured interview guide (Additional file 1: Appendix S1). The interview guide was designed in English,
translated into Luganda and back translated to ensure
the meaning was not altered. A female researcher (T.N.),
with prior experience conducting qualitative research,
attended all sessions to take notes and assist in asking
follow-up questions. The interview guide sought to elicit
narratives from participants about their feelings and behaviors following receipt of a TB-related SMS message,
their intended actions following receipt of the SMS instructions, and the social and psychological antecedents
of these intentions. Interviews were conducted in English, Luganda, or in both languages, in a private setting
chosen by the participant. The interviewer also recorded
basic demographic information, including age, sex, education level, occupation, and income. All interviews were
audio-recorded with each participant’s permission.
Immediately following each interview, the interviewer
compiled a debriefing report, which was discussed with the
note taker. We used the debriefing report to identify topics
requiring more probing in subsequent interviews. All interviews were transcribed, verified, translated into English if
necessary, and imported into ATLAS.ti 8.1 [21] for analysis.
Analysis

The lead coder (J.G.) read all transcripts to identify
meaningful analytical segments. We developed codes
using an inductive approach to content analysis [22]
during the first stage of analysis. We then discussed the
emerging categories with other members of the research
team, and finally applied codes to all transcripts. We analyzed the codes and emerging themes in relation to the
Theory of Planned Behavior.
Protection of human subjects

Each participant provided written informed consent for
the interviews as part of the parent trial. The School of
Medicine Research Ethics Committee at the Makerere
College of Health Sciences (2013–061), the Uganda National Council for Science and Technology (IS 104), and
the Human Investigation Committee at Yale University
approved the study (1505015812).

Results
Procedures

Characteristics of participants

The LHW, known to the participant, invited a household
contact for a face-to-face interview at home or any

In October and November 2017, LHWs telephoned ten
household contacts 10 to 16 weeks after receiving test
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Table 1 Interview sample
Sex

Age Education Occupation

Individual
Income

Type of
SMS
Received

Action
Action Taken By Quotation
Requested of Household
Household
Contact
Contact

Female 18

Secondary Student

0 UGX

Unlikely TB Reply HELP if None
you do not
get better

My parent showed me the message and I was
happy that I did not have TB

Female 19

Secondary Student

0 UGX

Unlikely TB Reply HELP if None
you do not
get better

My mother told me and I asked her to see the
message and felt good

Female 22

Primary

Unlikely TB Reply HELP if Waited for the
you do not
LHW to come
get better
for a follow-up
visit

Well, it is okay if she wants to send through a
message, I will still wait for her to come and I
ask her

Female 22

Secondary Unemployed 0 UGX

Unlikely
TBb

Female 40

Primary

Selfemployed

Unlikely TB Reply HELP if None
you do not
get better

I got relieved and provided support to the
patient

Female 61

Primary

Unemployed 0 UGX

Unlikely TB Reply HELP if Waited for the
you do not
LHW to come
get better
for a follow-up
visit

I was happy but also wanted to talk to her the
next time she visits

Male

19

Secondary Unemployed 0 UGX

Unlikely TB Reply HELP if Sent “HELP”
you do not
get better

On that day it was sent to me I replied with
HELP to it because I felt the testing machine
might have had an error

Male

29

Tertiary

1,000,000
UGX

Unlikely TB Reply HELP if Visited a clinic
you do not
at a later date
get better

…I expect to go to South Africa for about 3
months and we were advised to go for a checkup for TB and HIV and the results were needed
and that is why I had to go for that test.

Male

37

Secondary Selfemployed

350,000
UGX

Confirmed
TBa

Male

39

Tertiary

800,000
UGX

Unlikely TB Reply HELP if Waited for TB
you do not
longitudinal
get better
message

Unemployed 0 UGX

Selfemployed

Selfemployed

50,000
UGX

Reply HELP if None
you do not
get better

Visit a health Telephoned the
centre for
LHW to
treatment
schedule an
appointment

I just felt happy because I wanted to know the
actual diagnosis.

I immediately contacted the LHW, I called her
and we scheduled the appointment the next
morning
I waited for a second message but it hasn’t
come through

Abbreviations:
Legend: The text of the English version of the SMS messages were as follows:
a
Confirmed TB: “(Participant name) your tests show TB. (Participant name) please come to (health centre name) for TB treatment if you have not already.”
b
Unlikely TB: “(Participant name) your tests do not show TB, but if you do not get better, reply HELP (no charges apply). Tests can miss TB if done too early.”

results via SMS to recruit them for a face-to-face interview. All ten participants accepted, including six women
and four men. Median age was 26 years, ranging from 18
to 61 years; other characteristics are provided in Table 1.
One respondent confirmed receiving positive TB testing
results via SMS; the remainder confirmed receiving
negative results. Interviews lasted an average of 33 min,
ranging from 30 to 45 min.
Several major themes emerged from the interviews. Participants reported experiencing anxiety about a possible
diagnosis of TB, relief upon confirming TB status via
SMS, and ambivalence about SMS as a medium for communicating results. Participants also described their actions after receiving test results, and how these actions
influenced their perceptions of the consequences of not
observing the LHW’s instructions related to the SMS and

follow up procedures; beliefs about the curability of TB;
anticipated support from LHWs; and perceived barriers to
responding to an SMS request for further evaluation.
Household contacts’ experiences before and after
receiving TB test results
Anxiety about a possible diagnosis of TB prior to receiving
the SMS results

Household contacts reported feeling anxious about the
outcome of TB evaluation prior to receiving the SMS.
One young woman said she knew she was living with a
TB patient and had been told by the LHW that she had
symptoms suggestive of TB. She continued:
“Now, since you have some signs showing that you
have TB and you are very eager to know whether
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these signs are of TB… Now, do I have TB or I don’t
have? You can be so anxious to know…What are the
results?” [Female, 18 years]
The TB education that household contacts received
from LHWs during household contact investigation increased their concerns about TB. Most indicated that
the perceived consequences of the test results contributed to their anxiety:
“The question I had: ‘If the results come out and show
that I am infected, what will I do?’ You know, I fear
taking tablets so much and I kept asking myself what I
will do and where to start from. My husband had explained to me that in case I don’t take the medicine
well then I might be put on injections and whenever I
looked at my child I felt she is still young that needs my
support and I had made up my mind to take the medication in case I am found positive.” [Female, 22 years]
Most household contacts who reported anxiety also said
that, during the time between the household contact investigation visit and receipt of their test results via SMS,
they believed they had TB infection and urgently wished
to confirm their status.
Relief upon confirming TB status

Several household contacts reported relief upon learning
their TB status via SMS, including the parent of one participant with TB and several without TB. Those with a
negative TB diagnosis had unanimously assumed they
would receive a positive TB result because they were staying with a TB patient and had a cough. For example, a 29year-old man described his experience receiving the SMS:
“You know, the tension I had knowing that my sister
is infected… I thought that even the rest of us at
home might be infected with the same disease. It
helped me. In fact, the time the message came in I
was doing my work that side of Mubende. It came at
the time I didn’t expect it, it was just like the same
way any normal message would come in, you might
not be aware of what has come through. I later
opened the message and it was indicating that I was
TB-negative, and I felt relieved of that burden that I
had on mind.” [Male, 29 years]
Notably, the respondent who received an SMS confirming a positive diagnosis for his young daughter also described a sense of relief. When he received the result via
SMS he explained:
“At that time, I felt so relieved. I had spent time buying different types of medicine but the child would
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still continue coughing. On that day I felt relieved
because I knew I had come to the right diagnosis of
the illness. I got to know the type of medication required and the disease she is suffering from.” [Male,
37 years]
For this respondent, even a positive TB result provided
relief because it ended prolonged uncertainty over the
source of the illness. However, several household contacts who received negative TB results via SMS said that,
while they felt relief, they also desired further evaluation
for their ongoing symptoms in order to confirm a specific diagnosis and obtain appropriate treatment.
Ambivalence about SMS as a medium for communicating
test results

Household contacts expressed ambivalence about SMS
as a medium for communicating TB results. On one
hand, participants said they appreciated the accessibility
and convenience of receiving results via SMS. Convenience was described as being able to continue daily activities while waiting for results, not having to travel, and
receiving results in a timely fashion. One man who received a negative result explained,
“…it was easier for me because I had my phone and
at any time unexpectedly you receive a message and
get to know at that particular time your status as
opposed to inconveniencing someone by asking them
to go back to the hospital. You might not be infected
with TB and then you incur costs of transport”
[Male, 29 years]
On the other hand, the same household contacts who
praised the convenience of SMS also said that they
remained concerned about their TB status even after receiving the test results via SMS because they were not
fully confident that the results were accurate. They cited
a belief that new technologies may be error-prone as an
explanation of their uncertainty about their SMSdelivered results. Some reported a preference for faceto-face delivery of results:
“I do not support it. I do not support sending results
through a message. I would love to be called on
phone or actually a health worker coming and talk
to you at home because you might again doubt
whether you are talking to the right health worker
that took your sample.” [Female, 22 years]
Similarly, others noted that they hoped for follow-up interactions with LHWs to explain results more fully and
allay concerns. These sentiments were emphasized by a
young woman who was still hoping to talk to the LHW:
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“I didn’t feel bad because the results were showing
that I didn’t have TB… but still I wanted to talk to
the LHW. I decided to accept the results but still
wait for the LHW to tell me more.” [Female, 22
years]
This participant said that her first inclination was to call
the LHW for clarification. However, her husband
stopped her; he felt that LHWs are busy and should not
be bothered with telephone calls. Nonetheless, they expected a follow-up visit from the LHW.
Actions of household contacts after receiving a test result

The man who received a positive TB test result on behalf of his child was asked to go to the health center for
TB treatment. He immediately called the LHW to schedule a visit to the clinic. Household contacts who received
negative results were asked to reply “HELP” if they did
not get better. These household contacts responded in
range of ways; some replied “HELP”, while others decided to wait and do nothing (Table 1):
“I decided to wait for her to come and explain to me
because truthfully speaking I thought I had TB since
I was staying close to my husband for a long time….”
[Female, 22 years]
A woman who received a message explaining that she
had tested negative for TB said that she decided to wait
at home to avoid bothering the LHW with frequent
phone calls. She described how the household had a
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strong relationship with LHW and her expectation that
they would meet again in person, at which time she
would have the opportunity to ask for more explanation.
Contributors to household contacts’ intention to respond
to SMS-suggested actions

We use the TPB framework to organize the factors that
household contacts cite as contributing to their intention
to respond with the actions suggested in the SMS (Fig. 1).
Participants generally had favorable attitudes toward
responding to the SMS as a result of either outcome of
their evaluation; they believed that, if treated, they would
be cured. Similarly, they believed that if they followed
the LHWs’ instructions related to the SMS, they would
receive support to access treatment or else they would
miss access to treatment. Participants were influenced
by their belief that LHWs would provide support to the
household in the future, which contributed to their
intention to visit the clinic or contact a LHW to access
treatment. However, some participants described a lack
of perceived behavioral control; they felt that they did
not have the resources to perform the required followup behaviors. We describe these themes in detail below.
Perceptions of adverse consequences of not adhering to the
LHW’s instructions

Perceptions of adverse consequences of not observing
the LHW’s instructions encouraged household contacts
to either reply to the message with “HELP” or call the
LHW for a scheduled visit. Having been directed to respond, participants believed that following the instructions

Fig. 1 Conceptual model of contributing factors to behaviors of household contacts based on the Theory of Planned Behavior. The figure
presents a conceptual model of contributing factors to behaviors of household contacts after receiving TB test results via SMS during household
contact investigation. Contributing factors are categorized and linked to participants’ stated intentions and actual behaviors
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of the LHW was a prerequisite for accessing care and
treatment.
“It seemed that in case you do not respond to the
message they might not be able to help you. I was
tested and the results were sent to me and I was requested to reply to it. So, I had to do it because I
knew it means a lot when it comes to receiving treatment.” [Male, 37 years]
This man believed that he could access TB care and
treatment for his child only if he acted on the instructions from the LHW.
“One day it was sent to me and I replied to it and
she immediately called back and said that she was
going to come…I had been told that in case I replied
they would provide support immediately” [Male, 19
years]
This young man was confident that he would achieve access to further evaluation if he replied to the message as
directed.
Beliefs about the curability of TB

The belief that TB is curable motivated household contacts to perform follow-up behaviors, regardless of
whether the result that they received was positive or
negative. The parent of the child who was diagnosed
with TB mentioned that he had been told that medication cures TB and had seen the treatment work for one
of his brothers. He highlighted his need to see his child
receive the right medication and get cured.
“We had already been told that TB heals and medication is free, that we only need to be committed in
taking it; not to miss and take it at the right time. I
knew that at least my child will be able to take the
right medication as opposed to taking wrong treatment for a long time without feeling fine or getting
better.” [Male, 37 years]
The father’s expectation that his child could be cured
motivated him to contact the LHW. Another household
contact who received a negative TB result message and
replied “HELP” reported feeling unwell and wanting to
confirm his status and access treatment.
“Since I was still feeling unwell I sent HELP. I said
to myself: I need to know so that in case I need to get
treatment I start right away when it is still early
enough and get cured… The LHW called me and
promised to come, which she did and decided to
refer me to the clinic.” [Male, 19 years]
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Anticipated support from lay health workers

Anticipated support from the lay health workers had a
positive influence on participants’ intentions to visit a
health facility or reply to the SMS if symptoms developed or persisted. Participants felt that the support
would allow them to bypass the waiting areas at the
clinics and avoid delays in service:
“…the LHW had told me that she would help me in
case I got there. It won’t require me to make line or
anything; it would be just like an appointment.”
[Male, 19 years]
One participant explained that he had developed trust in
the LHW’s promise to see them through the clinic procedures following the home visit and other face-to-face
interactions:
“Since I had received some counselling during the
LHW visit…I found it easy to follow what I was told.
I had earlier talked to the LHW again face to face.”
[Male, 37 years]
Participants reported that their intentions to return to
the clinic or request help in the future were premised on
their belief that the LHW would support them if they
did so.
Perceived barriers to responding to an SMS request for
further evaluation

The child who received positive results went to the clinic
and initiated treatment for TB. The nine participants
who received negative results felt that if they had been
asked to return to the clinic, they might have found it
difficult to comply. Participants said that clinic hours
conflicted with their work schedules:
“If I had been requested to go for further evaluation
I would have failed since I was away upcountry and
the results had been sent from Naguru clinic, which
could inconvenience my working time. It would inconvenience my other duties…” [Male, 29 years]
Several other household contacts also imagined that the
distance to the clinic and busy working schedules would
interfere with their intention to complete TB evaluation.

Discussion
Many household contacts who complete screening for TB
never complete their evaluation or receive their test results
[3]. These losses of possible TB patients to follow-up are a
major hindrance to delivery of timely community-based
TB treatment and prevention. Automated SMS have been
proposed to reduce barriers to receiving diagnoses and
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linking to care [9, 23]. However, little is known about how
this approach to communicating TB results may influence
patients’ linkage to care, especially during communitybased active TB case finding. We found that SMS is a useful tool for delivering TB test results but cannot replace
post-test counseling interactions between the health
worker and the household contact. It is these personal interactions that give household contacts confidence in test
results, help relieve their anxiety about testing, and motivate them to respond as requested.
We found that most participants described SMS as
highly acceptable and more convenient than face-to-face
communication of results. This finding aligns with reports that SMS-delivered test results are acceptable in
principle among people who have not experienced it
firsthand [9, 24]. In our study, however, participants cautioned that this mode of communication limited their
interactions with health workers; without this interaction, they worried that their negative results might be
inaccurate. In contrast, others have reported that text
messaging of laboratory results can improve communication and overall clinical care by quickly notifying patients of their status [25].
We also found that household contacts who received
results via SMS intended to follow the SMS-delivered
suggestions because they knew that TB could be cured
with treatment, and because they expected to receive
treatment support from LHWs. A study of SMS technology to improve TB treatment adherence in Peru similarly found that awareness of the seriousness of TB and
fear of death were powerful motivators to adhere to
treatment among TB patients [7]. Similarly, we found
that among individuals who are household contacts of
TB patients and undergoing evaluation for TB, beliefs
about the seriousness and curability of TB also shape
their intention to follow up at the clinic if their own
symptoms persist or return. This finding is important
because household contacts of TB patients have a continuing risk of progressing to active TB within 2 years
after the initial exposure [26]. While we do not have longitudinal data to explore subsequent health-seeking behavior, according to the TPB, behavioral intentions such
as these can be an important predictor of future careseeking behavior [12]. In our study, some household
contacts lacked intention and many did not follow-up
which is undesirable from a public health perspective.
Finally, like others, we identified clinic hours that conflict with working schedules as a potential barrier to
linkage to care [24, 27]. Participants anticipated that
misalignment of clinic hours with their work schedules
would prevent them from visiting the clinic if this kind
of visit became necessary. However, Chadha et al. [11]
reported that 51% of TB patients attend the clinic within
7 days of receiving their TB diagnosis via a text message,
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suggesting that this perceived barrier may become less
important when patients are motivated by a TB diagnosis. Others have reported that, although household contacts fault inconvenient hours as a barrier, they still felt
that counseling from LWHs might be reducing the burden of this barrier [27].
Our study has some limitations. While our sampling
strategy was based on reaching saturation for factors
relevant to the intention to respond to the SMS, our
analysis is limited by the absence of adult household
contacts who received a positive TB diagnosis. Only one
person received SMS indicating positive result; moreover, the person who received a positive result was a
child. Because we interviewed only one person who received SMS for a positive result, we may not have
achieved saturation among this subgroup. Second, we
were unable to link TPB antecedents to participants’
subsequent behaviors, which would have enabled evaluation of the actual impact of the SMS. Third, we did not
interview contacts of index patients with drug-resistant
TB. It is not possible ascertain whether these findings
are relevant to contacts of index patients of different
classifications of TB.
The study also had some strengths. Although a number of commercial software systems have been developed
and implemented in sub-Saharan Africa to deliver test
results via SMS, especially in the area of new molecular
diagnostics, literature on use of SMS to deliver diagnostic results is limited, especially for TB laboratory results.
We provide a foundation for understanding how household contacts of TB patients experience receiving results
via SMS and form intentions to link to care, enabling us
to make preliminary recommendations to researchers
designing SMS interventions. Our findings from this exploratory study can be used to develop surveys to understand the phenomenon in a more generalizable way.

Conclusion
Household contacts may feel relieved of their anxiety
when they receive their TB diagnostic results via SMS,
but they are less confident about results delivered via
SMS than about results delivered by LHWs. Delivery of
results by SMS should complement continued interaction with LHWs, not replace it.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12889-020-8427-0.
Additional file 1 Appendix S1: Interview guide. Appendix S2:
Demographic Information Sheet.
Abbreviations
CI: Contact Investigation; HIV: Human Immunodeficiency Virus;
KCCA: Kampala Capital City Authority; LHW: Lay Health Worker;

Ggita et al. BMC Public Health

(2020) 20:310

mHealth: Mobile Health; NTLP: National Tuberculosis and Leprosy
Programme; SMS: Short-messaging Services; TB: Tuberculosis; TPB: Theory of
Planned Behavior; WHO: World Health Organization
Acknowledgements
We wish to acknowledge the study participants, lay health workers, and
facility-based health workers who contributed to this study, as well as our
public health partners within the Uganda Ministry of Health, the Uganda National TB and Leprosy Programme, and the Kampala Capital City Authority.
We also wish to acknowledge the grants management staff of the Makerere
College of Health Sciences, and the Medical and Molecular Laboratories for
their assistance in carrying out this project. Finally, we wish to thank the fellows and facilitators of the Pulmonary Complications of AIDS Research Training (PART) Mixed Methods Fellowship (NIH D43 TW009607).
Authors’ contributions
JMG developed the study materials, conducted interviews, analyzed the data
and wrote the manuscript. AK assisted in the development of the study
materials and the analysis of data, and commented on drafts. AJM assisted in
data analysis and development of the manuscript. EN assisted in the
development of the study materials, analysis of data, and development of
the manuscript. TN assisted in taking filed notes during data collection and
asking follow-up questions, and commented on the drafts. PT assisted in coordinating participant interview appointments and commented on the
drafts. EO assisted in coordinating participant interview appointments and
commented on the drafts. IA assisted in development of study materials,
analysis, and commented on the drafts. JEH commented on the drafts. AK
was an applicant for grant funding, assisted in the analysis of data and commented on drafts. MAH assisted in the development of study materials, analysis, development of the manuscript, and commented on the drafts. JLD
developed and managed the parent study, obtained funding, and helped
draft the first and final version of the manuscript. The authors read and approved the final manuscript.
Funding
NIH R01AI104824 (JLD)
Nina Ireland Program in Lung Health at the University of California San
Francisco (JLD)
NIH D43 TW009607 (JLD)
NIH K24 MH114732 (JEH)
Availability of data and materials
All de-identified transcripts are available from the corresponding author
upon request.
Ethics approval and consent to participate
Each participant provided written informed consent for the interviews as
part of the parent trial. The School of Medicine Research Ethics Committee
at the Makerere College of Health Sciences (2013–061), the Uganda National
Council for Science and Technology (IS 104), and the Human Investigation
Committee at Yale University approved the study (1505015812).
Consent for publication
Not applicable (no individual information reported).
Competing interests
The authors declare that they have no competing interests.
Author details
1
Uganda Tuberculosis Implementation Research Consortium, Makerere
University, Kampala, Uganda. 2Child Health and Development Centre,
Makerere University, Kampala, Uganda. 3Department of Epidemiology of
Microbial Diseases, Yale School of Public Health, New Haven, CT, USA.
4
Department of Population Studies, Makerere University, Kampala, Uganda.
5
Department of Medicine, Massachusetts General Hospital Global Health,
Harvard Medical School, Boston, MA, USA. 6Clinical Epidemiology Unit,
Makerere University, Kampala, Uganda. 7Department of Social & Behavioral
Sciences and Department of Epidemiology, New York University School of
Global Public Health, New York, NY, USA. 8Pulmonary, Critical Care, and Sleep
Medicine Section, Yale School of Medicine, New Haven, CT, USA.

Page 9 of 10

Received: 27 May 2019 Accepted: 28 February 2020

References
1. WHO. Global Tuberculosis Control [Internet]. Geneva; 2017 [cited 2018 Jan
1]. Available from: https://reliefweb.int/sites/reliefweb.int/files/resources/
9789241565516-eng.pdf.
2. WHO. Recommendations for investigating contacts of persons with
infectious tuberculosis in low-and middle-income countries. Geneva; 2012.
Available from: http://www.who.int/about/licensing/copyright_form/en/
index.html.
3. Armstrong-Hough M, Turimumahoro P, Meyer AJ, Ochom E, Babirye D,
Ayakaka I, et al. Drop-out from the tuberculosis contact investigation
cascade in a routine public health setting in urban Uganda: A prospective,
multi-center study. Pett SL, editor. PLoS One. 2017;12(11):e0187145 [Cited
2018 Jan 4]. Available from: http://dx.plos.org/10.1371/journal.pone.0187145.
4. Shapiro AE, van Heerden A, Schaafsma TT, Hughes JP, Baeten JM, van
Rooyen H, et al. Completion of the tuberculosis care cascade in a
community-based HIV linkage-to-care study in South Africa and Uganda. J
Int AIDS Soc. 2018;21(1):e25065 [Cited 2019 May 20]. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/29381257.
5. Falzon D, Timimi H, Kurosinski P, Migliori GB, Van Gemert W, Denkinger C,
et al. Digital health for the end TB strategy: developing priority products
and making them work. Eur Respir J. 2016;48(1):29–45.
6. Bediang G, Stoll B, Elia N, Abena J-L, Nolna D, Chastonay P, et al. SMS
reminders to improve the tuberculosis cure rate in developing countries
(TB-SMS Cameroon): a protocol of a randomised control study. Trials. 2014;
15:35 [Cited 2018 Feb 3]. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/24460827.
7. Albino S, Tabb KM, Requena D, Egoavil M, Pineros-Leano MF, Zunt JR, et al.
Perceptions and Acceptability of Short Message Services Technology to
Improve Treatment Adherence amongst Tuberculosis Patients in Peru: A
Focus Group Study. Caylà JA, editor. PLoS One. 2014;9(5):e95770. [Cited
2018 Jun 22]. https://doi.org/10.1371/journal.pone.0095770.
8. World Health Organization (WHO). Digital Health for the End TB Strategy:
An Agenda for Action. Geneva: World Health Organization; 2015. [Cited
2020 Jan 9]. Available from: www.who.int/about/licensing/.
9. Ggita JM, Ojok C, Meyer AJ, Farr K, Shete PB, Ochom E, et al. Patterns of
usage and preferences of users for tuberculosis-related text messages and
voice calls in Uganda. Int J Tuberc Lung Dis. 2018;22(5):530–6 [Cited 2018
Jun 26]. Available from: http://www.ncbi.nlm.nih.gov/pubmed/29663958.
10. Hermans S, Elbireer S, Tibakabikoba H, Hoefman B, Manabe Y. Text
messaging to decrease tuberculosis treatment attrition in TB-HIV coinfection
in Uganda. Patient Preference Adherence. 2017;11:1479–87 [Cited 2018 Feb
3]. Available from: https://www.dovepress.com/text-messaging-to-decreasetuberculosis-treatment-attrition-in-tb-hiv-peer-reviewed-article-PPA.
11. Chadha S, Trivedi A, Nagaraja SB, Sagili K. Using mHealth to enhance TB
referrals in a tribal district of India. Public Health action. 2017;7(2):123–6
[Cited 2018 Jun 8]. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2
8695085.
12. Addisu Y, Birhanu Z, Tilahun D, Assefa T. Predictors of treatment seeking
intention among people with cough in East Wollega, Ethiopia based on the
theory of planned behavior: a community based cross-sectional study.
Ethiop J Health Sci. 2014;24(2):131–8 [Cited 2018 Jan 5]. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24795514.
13. Lock WA, Ahmad RA, Ruiter RAC, van der Werf MJ, Bos AER, Mahendradhata Y,
et al. Patient delay determinants for patients with suspected tuberculosis in
Yogyakarta province, Indonesia. Tropical Med Int Health. 2011;16(12):1501–10.
[Cited 2018 Jan 5]. https://doi.org/10.1111/j.1365-3156.2011.02864.x.
14. Hardeman W, Johnston M, Johnston D, Bonetti D, Wareham N, Kinmonth
AL. Application of the Theory of Planned Behaviour in Behaviour Change
Interventions: A Systematic Review. Psychol Health. 2002;17(2):123–58
Available from: http://www.tandfonline.com/doi/abs/10.1080/088704402
90013644a.
15. Ministry of Health. The Uganda National Tuberculosis Prevalence Survey.
Kampala; 2015. [Cited 2018 May 14]. Available from: http://health.go.ug/
sites/default/files/UgandaNationalTBPrevalenceSurvey2014-2015_final 23rd
Aug17.pdf.
16. Ministry of Health. Uganda Ministry of Health Manual of the National
Tuberculosis and Leprosy Programme. 2010 [Cited 2018 May 14]. Available
from: http://www.who.int/hiv/pub/guidelines/uganda_tb.pdf.

Ggita et al. BMC Public Health

(2020) 20:310

17. Fair E, Miller CR, Ottmani S-E, Fox GJ, Hopewell PC. Tuberculosis contact
investigation in low- and middle-income countries: standardized definitions
and indicators. Int J Tuberc Lung Dis. 2015;19(3):269–72 [Cited 2019 Mar 7].
Available from: http://www.ncbi.nlm.nih.gov/pubmed/25686131.
18. Davis J, Turimumahoro P, Meyer A, Ochom E, Ggita JM, Babirye D, et al.
mHealth for Home-based TB Contact Investigation in Kampala, Uganda: A
Household-Randomized, Controlled Trial. In: 49th Union World Conference
on Lung Health. The Netherlands: The Hague; 2018.
19. Meyer AJ, Babirye D, Armstrong-Hough M, Mark D, Ayakaka I, Katamba A,
et al. Anybody out there? A process evaluation of SMS sent to household
TB contacts in Kampala, Uganda. J Med Internet Res. 2018; [Cited 2018 Jul
12]; Available from: http://preprints.jmir.org/preprint/10239.
20. Guest G, Bunce A, Johnson L. How Many Interviews Are Enough? Field
Methods. 2006;18(1):59–82 [Cited 2020 Jan 14]. Available from: http://
journals.sagepub.com/doi/10.1177/1525822X05279903.
21. Scientific Software Development GmbH. ATLAS.ti: The Qualitative Data
Analysis; Research Software. Web. 2017.
22. Hsieh H-F, Shannon SE. Three Approaches to Qualitative Content Analysis.
Qual Health Res. 2005;15(9):1277–88 [Cited 2018 Mar 21]. Available from:
http://journals.sagepub.com/doi/10.1177/1049732305276687.
23. Free C, Phillips G, Galli L, Watson L, Felix L, Edwards P, et al. The
Effectiveness of Mobile-Health Technology-Based Health Behaviour Change
or Disease Management Interventions for Health Care Consumers: A
Systematic Review. Cornford T, editor. PLoS Med. 2013;10(1):e1001362.
https://doi.org/10.1371/journal.pmed.1001362.
24. Siedner MJ, Haberer JE, Bwana MB, Ware NC, Bangsberg DR. High
acceptability for cell phone text messages to improve communication of
laboratory results with HIV-infected patients in rural Uganda: a crosssectional survey study. BMC Med Inform Decis Making. 2012;12:56 Available
from: http://www.ncbi.nlm.nih.gov/pubmed/22720901%5Cn, http://www.
ncbi.nlm.nih.gov/pmc/articles/PMC3470938/pdf/1472-6947-12-56.pdf.
25. Siedner MJ, Haberer JE, Bwana MB, Ware NC, Bangsberg D, Bosco Bwana M,
et al. High Acceptability for Cell Phone Text Messages to Improve
Communication of Laboratory Results with HIV-infected Patients in Rural
Uganda: A Cross-sectional Survey Study. 2012 [Cited 2017 Mar 1]; Available
from: http://pdxscholar.library.pdx.edu/sph_facpub.
26. Sloot R, Schim van der Loeff MF, Kouw PM, Borgdorff MW. Risk of
Tuberculosis after Recent Exposure. A 10-Year Follow-up Study of Contacts
in Amsterdam. Am J Respir Crit Care Med. 2014;190(9):1044–52 [Cited 2018
Oct 31]. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25265362.
27. Ayakaka I, Ackerman S, Ggita JM, Kajubi P, Dowdy D, Haberer JE, et al.
Identifying barriers to and facilitators of tuberculosis contact investigation in
Kampala, Uganda: a behavioral approach. Implement Sci. 2017;12(1):33
Available from: http://implementationscience.biomedcentral.com/articles/1
0.1186/s13012-017-0561-4.

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

Page 10 of 10

