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Abstract

Background

TB persists despite being relatively easy to detect and cure because the journey from the
onset of symptoms to cure involves a series of steps, with patients being lost to follow-up at
each stage and delays occurring among patients not lost to follow-up. One cause of drop-off
and delay occurs when patients delay or avoid returning to clinic to get their test results and
start treatment.

Methods

We fielded two SMS interventions in three Cape Town clinics to see their effects on whether
people returned to clinic, and how quickly. One was a simple reminder; the other aimed to
overcome “optimism bias” by reminding people TB is curable and many millions die unnec-
essarily from it. Recruits were randomly assigned at the clinic level to a control group or one
of the two SMS groups (1:2:2). In addition to estimating effects on the full sample, we also
estimated effects on HIV-positive patients.

Results

SMS recipients were more likely to return to clinic in the requested two days than the control
group. The effect was smaller in the intent-to-treat analysis (52/101 or 51.5% vs. 251/405 or
62.0%, p = 0.05) than in the per-protocol analysis (50/97 or 51.5% vs. 204/318 or 64.2%, p =
0.03). The effect was larger among HIV-positives (10/35 or 28.6% vs. 97/149 or 65.1%,
p<0.01). The effects of SMS messages diminished as the interval increased: significant
effects at the 5% level were found at five and 10 days only among HIV-positives. The sec-
ond SMS message had larger effects, albeit not significantly larger, likely due in part to lack
of statistical power.
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Conclusions

At 2 U.S. cents per message, SMS reminders are an inexpensive option to encourage TB
testers to return to clinic, especially when worded to counter optimism bias.

Introduction

An estimated 1.6 million people died from tuberculosis (TB) globally in 2016 [1]. South Africa
(the setting for the present study) has one of the world’s highest mortality rates and the highest
incidence rate [1]. TB persists despite being relatively easy to detect and cure[1], the reason
being that the journey from the onset of symptoms to cure involves a series of steps, with
patients being lost to follow-up (LTFU) at each stage and delays occurring among patients who
are not lost to follow-up [2-4]. Some people with TB symptoms never contact a provider, and
those who do often delay seeking care (‘patient delay’) [3]. Not every contact with a provider
leads to a diagnosis, and, when it does, there is often another delay (‘diagnostic delay’) [3]. Not
every diagnosis results in appropriate treatment, and, even when it does, there can be another
delay (‘treatment delay’) [3]. Finally, not everyone who starts treatment successfully completes
it (‘cure delay’) [3]. In South Africa, the net effect of these drop-offs in the treatment ‘cascade’ is
that only an estimated 53% of persons with TB complete treatment [4]. It is estimated that pre-
treatment or initial LTFU in South Africa is 11-25% [4-8] and accounts for as much as 25% of
that country’s drop-off [4]. Reducing treatment delay and initial LTFU are therefore potentially
important elements in any strategy to reduce TB mortality in South Africa.

The question arises whether short-message service (SMS) messages might increase the share
of (and speed with which) patients who have tested for TB return to the clinic to get their test
results and start appropriate treatment. In South Africa, where initial diagnosis is increasingly
done using GeneXpert [9], government guidelines [10] urge clinics to give patients a return
date within two days on which they get their test results and start appropriate treatment. If a
patient does not return on the specified date for their results, and the results confirm drug-sus-
ceptible or drug-resistant TB, the patient should be traced by the clinic, and started on treat-
ment “as soon as possible”. The guidelines acknowledge the added complexities in diagnosing
TB in HIV-positive patients but emphasize the need to start them on treatment as quickly as
possible, given the inferior TB treatment outcomes of this group, reflecting the increased risk of
rapid progression and the host’s impaired ability to contain TB infection [11-14].

The effects of text messages and other digital technologies have been studied in a variety of
contexts relating to TB treatment adherence and completion, although the quality of the stud-
ies is not, in general, considered high [15-17]. However, no study to date has examined the
effects of text messages and other digital technologies on the initiation of treatment during the
diagnosis stage. A review by the Collaborative Group on the Impact of Digital Technologies on
TB [16] concludes that “It will be relevant to explore the possible influence of digital technolo-
gies on behavior change at other points on the patient pathway—for example, in preventing ini-
tial loss-to-follow-up before TB treatment initiation” (p.9).

Behavioral economics suggests the content of the SMS message may affect its effect on how
quickly (and if at all) a TB tester returns to collect their results. The most basic message is a
simple appointment reminder. These have worked in multiple settings, including encouraging
patients to keep appointments [18]. One possible explanation—particularly relevant for poor
populations, where TB is commonest-is that people tend to prioritize tasks that meet today’s
needs (e.g. getting children to and from school, turning up to work, ensuring the family has
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enough food for dinner, etc.) over those that meet longer-term needs (e.g. returning to clinic
to get a TB test result), especially if in the latter tasks there is greater uncertainty over the bene-
fits involved [19]. A more sophisticated message would contain (in addition to the simple
reminder) text that tries to counter optimism bias—a tendency to overestimate the likelihood
of favorable future outcomes and underestimate the likelihood of unfavorable future out-
comes, such as having TB [20]. This more complex message is also motivated by research
showing that patient knowledge and beliefs are among the factors that apparently contribute
to pre-treatment LTFU and delay [3, 5, 21, 22].

Our paper reports the result of a trial testing two different SMS reminders aimed at increas-
ing the share of (and speed with which) patients who have contacted a provider-and have
been tested-return to the clinic to get their test results and start appropriate treatment.

Materials and methods
Trial design and participants

This RCT was undertaken at three clinics in the Cape Town area selected from a shortlist of
the highest burden clinics in the Cape Town area, eliminating those that were already involved
in another trial that might have contaminated our results. The clinics were also highly recep-
tive to our request to participate in the study.

Patients in all three clinics have a dedicated TB waiting room to which patients already
being treated are directed along with patients who are considered possible TB cases. We aimed
to recruit 90% of patients over the age of 18 in the three waiting rooms during the study
period. We asked all those not already being treated for TB if they were willing to participate
in the study, and if so to complete a questionnaire on a tablet prior to being evaluated by the
TB nurses and producing their sputum sample. Patients agreeing to completing the question-
naire were randomly assigned to a control group or one of two intervention groups, with an
allocation ratio of 1:2:2. Recruitment was done by the fieldworkers in each of the three clinics.
The patient’s information was recorded via a tablet in the clinic, and this information was then
uploaded to a central database that was inaccessible to the fieldworkers.

Ethical approval, protocol, trial registration and checklists

The study was approved by the Stellenbosch University Ethics Committee on November 8,
2016 and subsequently extended (reference number SU-HSD-003565 “A Behavioral and Eco-
nomic Analysis of TB Non-Initiation in Cape Town, South Africa”). The IRB approval is avail-
able as supporting information as S1 File. The protocol is available as S2 File, and the SPIRIT
and CONSORT checKklists are available as S3 File and S4 File.

Due to an oversight, the trial was registered only retrospectively with the Pan African Clini-
cal Trial Registry on December 14, 2018 (reference number PACTR201812631160518 https://
pactr.samrc.ac.za/TrialDisplay.aspx?TriallD=5780). Despite retrospective registration, we
closely followed the protocol outlined in our IRB application. Recruitment was from 2 October
2017 until 15 December 2017. Fieldworkers continued visiting clinics and phoning patients
until mid-February 2018 to collect data on patients’ return-to-clinic date, test results and treat-
ment start date.

Interventions

The control group received no SMS reminder message. The first intervention group (SMS1)
received a simple SMS reminder to return to the clinic to collect their TB test results. Clinic
staff told patients to return in two (working) days’ time to get their results, and the SMS was
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sent via a bulk SMS service around 6-7pm the evening before. The message in English read
“Don’t forget to collect your results from the clinic tomorrow.” The second intervention
group (SMS2) received a longer SMS message reminding them to return to the clinic, and
that people die unnecessarily from TB because it can be cured. The message in English read:
“Don’t forget to collect your results from the clinic tomorrow. 96,000 South Africans die every
year from TB. This should not be-TB can be cured”. Both messages were translated into and
sent in Xhosa for those who had said in their baseline interview that this was their native
language.

We report two sets of results: one where we combined the two intervention groups and
tested whether outcomes were affected by the individual receiving any SMS; and a second
where we separated the two interventions groups to allow us to test whether the two SMSs had
different effects.

We examined the records of the bulk SMS service to see if the delivery of the SMS message
failed, or if the wrong SMS was sent, or if patients in the control group ended up receiving an
SMS message. In all these cases, the intended “treatment” was not delivered. Since TB is a com-
municable disease and phone-sharing is common in South Africa, we also checked whether
patients were sharing a phone with someone in our study. In cases where phone-sharing
occurred across intervention groups, we could not be sure that the intended “treatment” was
delivered to either party. In our main analysis, we kept all cases, irrespective of whether we
know or think the correct treatment may not have been delivered-we label this analysis an
“intent-to-treat” (ITT) analysis. We also report the results of a second analysis that excludes
such cases—we label this a “per protocol” (PP) analysis.

Outcomes

Our outcomes captured whether people return for their tests and how quickly. We report
the percentage of recruits returning at all, the median days to return, and the percentages
returning within two business days (the specified date to collect test results), five business
days (one week), 10 business days (two weeks), and 20 business days (four weeks), 10 and

20 days being two commonly-used cut-offs in estimating pre-treatment LTFU [5, 7, 23]. We
also plot “survival” curves for both groups showing the time to return-to-clinic. Data on
return-to-clinic date were obtained via fieldworker interactions with returning patients in the
TB waiting room, conversations with clinic staff, and where necessary, phone follow-up con-
versations with patients and inspection of clinic records. The time-to-return variable (mea-
sured in days) was adjusted for weekends and public holidays when the clinics in question
were closed.

For all outcomes, we report results for the full sample and the subsample who are HIV-posi-
tive. We obtained data on HIV status (if known) from two sources: Cape Town’s Patient
Record and Health Management Information System (PREHMIS), which also includes
patients not on TB treatment, and South Africa’s Electronic Tuberculosis Register (ETR.Net).
We first did a fuzzy (bigram) matching against ETR.net records by name [24]. We classified a
match as sufficiently close if the (Jaccard) similarity score was at least 0.8 (similarity scores
above 0.8 but less than 1.0 were typically due to misspellings or middle names being omitted).
In these close matches, we took the patient’s HIV status data from ETR.Net. In other cases, we
looked for a close enough match in the PREHMIS data. Here we used a two-stage matching
process: first, we did an exact matching by patient number; then we did a fuzzy (bigram)
matching by name. In each case, we assessed the quality of the name match by computing a
(Jaccard) similarity score. We used whichever method gave the higher score (often the
matched name was the same), and again we classified a match as sufficiently close if the
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(Jaccard) similarity score was at least 0.8. For 82% of our sample, we were able to find HIV sta-
tus from either ETR Net or PREHMIS: 35% of our sample was known to be HIV-positive.

Sample size

We expected to recruit around 80 patients per week across the three clinics and planned on
recruiting over a nine-week period beginning October 3, 2017, anticipating 720 recruits in
total. In the event, recruitment was slower, averaging just 60 patients per week. We therefore
continued recruiting until the start of the Christmas holiday, recruiting and randomizing 649
patients, who we split across the control group and two intervention groups in the ratio 1:2:2.

There were essentially no baseline data for us to use to assess power ex ante. The only data
point we had was an estimate of the fraction of TB-positives who do not begin treatment,
which has been estimated to be as high as 25% [4]. Assuming this applies equally to TB-nega-
tives, and therefore only 75% of testers return at any stage to get their results, a sample size of
649 is large enough to detect, with 83% power, a 10 percentage-point ITT effect on returning
at any stage, assuming a significance level of 5%.

Randomization

Fieldworkers recruited patients as they came into each clinic, entering the data from the
patient interview on their tablet, with cases ordered by recruitment date and time. The data
were uploaded at the end of each day to a central database and recruits were assigned that
evening to one of the three groups by the study coordinator. The process involved the study
coordinator working down three clinic-specific randomization sequences generated previously
by the authors using a web-based randomization tool [25], a clinic-specific seed and block
sizes of 10. The first recruit on Day 1 from Clinic A was assigned to whatever group was indi-
cated in the first row of Clinic A’s randomization sequence, the second to the group indicated
in the second row, and so on until all recruits that day from Clinic A had been assigned. If, say,
six patients were recruited on Day 1 in Clinic A, the first recruit on Day 2 would be assigned to
the group indicated on the seventh row of the randomization sequence, and so on. In the ran-
domization process, we stratified by clinic to ensure we achieved the desired proportions (and
a high degree of balance) across the three groups within each clinic. The randomized
sequences were concealed from fieldworkers who could not therefore anticipate the allocation
of patients being recruited or know the allocation of patients after the fact. The study
depended, of course, on some patients receiving an SMS, so blinding of patients to their “treat-
ment” status was neither feasible nor desirable. Clinic staff, like fieldworkers, were not told of
the assignments.

Statistical methods

For the outcomes that are simple proportions-the fraction of recruits returning at all and the
fraction returning within a specific number of days-we computed Pearson’s ¥~ test of equal
proportions. For the days-to-return outcome, we computed a t-test of equal means. Estimation
was done using Stata 15.0.

Results
Recruitment and follow-up

Recruitment was from 2 October 2017 until 15 December 2017. Fieldworkers continued visit-
ing clinics and phoning patients until mid-February 2018 to collect data on patients’ return-
to-clinic date, test results and treatment start date. A two-month pre-experimental phase
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preceded the start of the randomized trial. During this period, patients were simply inter-
viewed and did not receive any intervention. The recruitment and interview processes were
developed and fine-tuned, the fieldworkers became familiar with their tasks, gained the trust
of the clinic staff and became a part of the clinic workflow, and the study team developed
methods for reconciling data from our baseline interview and the clinic records.

Participant flow and numbers analyzed

Fig 1 shows the participant flow. A total of 649 cases were randomized across the three arms.
Of these, 506 were retained for the ITT analysis; the reasons for excluding the 143 cases are
shown in Fig 1 by treatment arm. Most exclusions were because the patient did not provide a
(valid) mobile phone number for follow-up (the phone could have been of a family member,
whether or not living in the household). Of the 506 ITT cases, 415 were retained for the PP
analysis; the reasons for excluding the 91 cases are also shown in Fig 1 by treatment arm. Most
exclusions in this case were due to SMS delivery failure. S5 File shows the distribution of the
sample across the three clinics and intervention groups.

Randomized
(n=649)

[ ]
Control Treatment A Treatment B
(n=130) (n=258) (n=261)

Data discrepancies (n=1)
Duplicate name (n=1)
Duplicate assignment (n=1)
No phone # (n=26)

Under-18 (n=1)
Duplicate name (n=1)
No phone # (n=52)

Under-18 (n=2)
Duplicate name (n=3)
Duplicate assignment (n=1)
Incomplete covariates (n=2)
No phone # (n=52)

Control (Analyzed)
(N=101)

Treatment A (Analyzed)
(N=204)

Treatment B (Analyzed)
(N=201)

Duplicate phone no. and
different assignment (n=3)
SMS inadvertently sent (n=1)

Duplicate phone no. and
different assignment (3)
SMS not sent (n=7)
SMS not delivered (n=29)
Wrong SMS delivered (n=2)

Duplicate phone no. and
different assignment (n=2)
SMS not sent (n=7)
SMS not delivered (n=36)
Wrong SMS delivered (n=1)

Control implemented
(n=97)

(n=163)

Treatment A implemented

(n=155)

Treatment B implemented

Fig 1. Flow chart of participants.

https://doi.org/10.1371/journal.pone.0218527.9001
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Table 1. Baseline characteristics (full sample).

Control (n =101) SMS (n = 405) SMS1 (n = 204) SMS2 (n =201)

Variable N/mean %/SD N/mean %/SD N/mean %/SD N/mean %/SD
Female 42 41.6 183 45.2 84 41.2 99 49.3
College educated 14 13.9 59 14.6 34 16.7 25 12.4
Employed 63 62.4 249 61.5 130 63.7 119 59.2
Electricity 96 95.0 378 93.3 187 91.7 191 95.0
Running water 12 11.9 30 7.4 17 8.3 13 6.5
vV 88 87.1 359 88.6 181 88.7 178 88.6
Fridge 84 83.2 346 85.4 168 82.4 178 88.6
Satellite 38 37.6 130 32.1 73 35.8 57 28.4
Car 20 19.8 60 14.8 35 17.2 25 12.4
Mobile phone in household 92 91.1 356 87.9 180 88.2 176 87.6
Hungry 27 26.7 127 31.4 63 30.9 64 31.8
Age 39.89 12.80 39.87 11.95 39.14 11.48 40.61 12.40

https://doi.org/10.1371/journal.pone.0218527.t001

Baseline data

Table 1 and S6 File show for the full sample and PP subsample baseline differences between
the control group and the intervention groups in the likely influences on return-to-clinic and
treatment initiation. The baseline characteristics were well balanced across the groups.

Outcomes and estimation

The ITT effects are, unsurprisingly, somewhat smaller than the PP effects (Tables 2 and 3, and
Fig 2). For example, in the ITT analysis, 62.0% of patients receiving an SMS message returned
to clinic in two days compared to 51.5% in the control group (p = 0.05) (a 10.5 percentage
point effect; 95% confidence interval -0.34 to 21.32), while in the PP analysis, 64.2% of patients
receiving an SMS message returned to clinic in two days compared to 51.5% in the control
group (p = 0.03) (a 12.7 percentage point effect; 95% confidence interval 1.35 to 23.86). The
ITT “survival” curves in Fig 3, which plot the cumulative fraction not returning at different
delays since the initial visit, show a clear PP effect of SMS messages. The largest effects of SMS
messages are at two days after the initial visit-the appointed time to return and collect test
results; the effect is smaller thereafter (Tables 2 and 3, and Fig 2).

We found larger effects among HIV-positive patients (Tables 2 and 3, and Fig 2). For exam-
ple, in the ITT analysis, 65.1% of HIV-positive patients receiving an SMS message returned to
clinic in two days compared to 28.6% of HIV-positive patients in the control group (p<0.01).
We found significant effects at the 5% level among HIV-positive patients also at five days in
both the ITT and PP results, and at 10 days in the PP results.

We also found larger effects for the second SMS message in both the ITT and PP results
(Tables 2 and 3, Fig 3 and S7 File). The gap between the effects of the two messages was larger
among HIV-positive patients. In this group, we found significant effects (at the 5% level) of the
second SMS on all six outcomes in both the ITT and PPP analyses. By contrast, among the
those who were not known to be HIV-positive, we did not find significant effects on any out-
come (S8 File). Across the four outcomes with a specific duration (return within two days,
return within one week, etc.), the average gap between the two SMS effects is 10 percentage
points among HIV-positive patients (similar to the gap for the ever-returned outcome) and -1
percentage point among the rest of the sample. None of the differences in effects between the
two SMS messages are significant at the 5% level, likely reflecting a lack of statistical power.
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We explored differences across clinics in the ITT analysis. The smallest effect (2.2 percent-
age points; 95% confidence interval -13.96 to 18.26) was in Clinic A where 57.4% (100/174) of
patients receiving an SMS message returned to clinic in two days compared to 55.3% (21/26)
in the control group (p = 0.79). The next largest effect (10.7 percentage points; 95% confidence
interval -13.56 to 35.00) was in Clinic B where 71.8% (51/71) of patients receiving an SMS mes-
sage returned to clinic in two days compared to 61.1% (11/18) in the control group (p = 0.38).
The largest effect (20.8 percentage points; 95% confidence interval 3.07 to 38.60) was in Clinic
C where 62.5% (100/160) of patients receiving an SMS message returned to clinic in two days
compared to 41.7% (15/36) in the control group (p = 0.02). These differences are not statisti-
cally significant: the p-value for the 8.6 percentage point difference between Clinic A and
Clinic B is 0.57; the p-value for the 10.1 percentage point difference between Clinic B and
Clinic C is 0.52; and the p-value for the 18.7 percentage point difference between Clinic A and
Clinic Cis 0.12. At least in some of these cases, statistical power is likely to be the issue.

Discussion
Limitations

We did not follow up patients over the course of the TB treatment (if any) and therefore can-

not provide any estimate of the health gain associated with quicker clinic return. Our sample

size was likely too small to detect statistically significant differences in effects between the two
SMS messages and across clinics.

Generalizability

The findings of our trial in three high-TB patient volume clinics in the Greater Cape Town
area do not necessarily generalize to clinics elsewhere in this part of South Africa let alone

Table 2. Intent-to-treat results.

N Controls Any SMS p SMS1 SMS2 pl p2 p3
Returned (as % cases analyzed)
Full sample 506 78/101 (77.2%) 331/405 (81.7%) 0.304 164/204 (80.4%) 167/201 (83.1%) 0.521 0.220 0.483
HIV positive 184 25/35 (71.4%) 124/149 (83.2%) 0.110 62/79 (78.5%) 62/70 (88.6%) 0.414 0.028 0.100
Time-to-return (mean days)
Full sample 506 12.9 10.6 0.260 11.5 9.7 0.552 0.140 0.307
HIV positive 184 16.4 10.5 0.115 124 8.4 0.355 0.044 0.203
Returned within 2 business days (as % recruits)
Full sample 506 52/101 (51.5%) 251/405 (62%) 0.054 125/204 (61.3%) 126/201 (62.7%) 0.103 0.062 0.770
HIV positive 184 10/35 (28.6%) 97/149 (65.1%) 0.000 50/79 (63.3%) 47/70 (67.1%) 0.001 0.000 0.623
Returned within 5 business days (as % recruits)
Full sample 506 72/101 (71.3%) 311/405 (76.8%) 0.249 155/204 (76%) 156/201 (77.6%) 0.377 0.228 0.697
HIV positive 184 21/35 (60%) 118/149 (79.2%) 0.017 59/79 (74.7%) 59/70 (84.3%) 0.114 0.006 0.150
Returned within 10 business days (as % recruits)
Full sample 506 75/101 (74.3%) 326/405 (80.5%) 0.167 160/204 (78.4%) 166/201 (82.6%) 0.415 0.089 0.291
HIV positive 184 24/35 (68.6%) 123/149 (82.6%) 0.063 61/79 (77.2%) 62/70 (88.6%) 0.328 0.012 0.068
Returned within 20 business days (as % recruits)
Full sample 506 76/101 (75.2%) 327/405 (81.5%) 0.155 159/204 (79.1%) 168/201 (84%) 0.447 0.067 0.206
HIV positive 184 25/35 (71.4%) 120/149 (82.2%) 0.152 58/79 (76.3%) 62/70 (88.6%) 0.582 0.028 0.053

Notes: p for returned (as % recruits) and returned within x business days (as % recruits) is Pearson’s ” test of equal proportions (of returners / returners-within-x-days)
across intervention and control groups. p for time-to-return (mean days) is a test of equality of means. p; is test for SMS1 vs. control, p; is test for SMS2 vs. control, p; is

test of equality across the two SMS groups.

https://doi.org/10.1371/journal.pone.0218527.t1002
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Table 3. Per-protocol results.

N

| Controls

Any SMS p SMS1 SMS2 pl P2 p3
Returned (as % cases analyzed)
Full sample 415 75197 (77.3%) 262/318 (82.4%) 0.263 132/163 (81%) 130/155 (83.9%) 0.478 0.194 0.499
HIV positive 147 25/35 (71.4%) 95/112 (84.8%) 0.074 48/60 (80%) 47/52 (90.4%) 0.339 0.022 0.127
Time-to-return (mean days)
Full sample 415 12.9 10.3 0.225 11.1 9.4 0.480 0.142 0.382
HIV positive 147 16.4 9.4 0.055 11.3 7.2 0.231 0.028 0.220
Returned within 2 business days (as % recruits)
Full sample 415 50/97 (51.5%) 204/318 (64.2%) 0.026 104/163 (63.8%) 100/155 (64.5%) 0.052 0.041 0.895
HIV positive 147 10/35 (28.6%) 76/112 (67.9%) 0.000 39/60 (65%) 37/52 (71.2%) 0.001 0.000 0.487
Returned within 5 business days (as % recruits)
Full sample 415 70/97 (72.2%) 248/318 (78%) 0.236 126/163 (77.3%) 122/155 (78.7%) 0.353 0.235 0.762
HIV positive 147 21/35 (60%) 92/112 (82.1%) 0.007 46/60 (76.7%) 46/52 (88.5%) 0.086 0.002 0.104
Returned within 10 business days (as % recruits)
Full sample 415 73/97 (75.3%) 258/318 (81.1%) 0.208 129/163 (79.1%) 129/155 (83.2%) 0.467 0.123 0.352
HIV positive 147 24/35 (68.6%) 94/112 (83.9%) 0.046 47/60 (78.3%) 47/52 (90.4%) 0.291 0.010 0.083
Returned within 20 business days (as % recruits)
Full sample 415 74/97 (76.3%) 259/318 (82%) 0.216 128/163 (79.5%) 131/155 (84.5%) 0.544 0.103 0.247
HIV positive 147 25/35 (71.4%) 92/112 (83.6%) 0.111 45/60 (77.6%) 47/52 (90.4%) 0.505 0.022 0.070

Notes: p for returned (as % recruits) and returned within x business days (as % recruits) is Pearson’s ” test of equal proportions (of returners / returners-within-x-days)

across intervention and control groups. p for time-to-return (mean days) is a test of equality of means. p; is test for SMS1 vs. control, p; is test for SMS2 vs. control, p; is
test of equality across the two SMS groups.

https://doi.org/10.1371/journal.pone.0218527.t003
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other parts of the country or other countries. The differences in effects across clinics are appre-
ciable and their lack of statistical significance is likely due in part to lack of statistical power.
This suggests caution in generalizing from these three clinics and raises the question of why
the effects vary across them-are there clinic-specific reasons or do the differences in effects
reflect differences in the communities served by the clinics? The gap between our ITT and PP
results also shed some light on the issue of generalizability. The gap between our ITT and PP
results reflects the extent of phone-sharing and swapping SIM cards between phones, cell
phone provider changes, the challenge of charging phones, and the reliability of the methods
used to send SMS messages. In our study, cell-phone sharing was fairly limited among study
participants. More important was the fact that, in our study, around 20% of those with a phone
did not receive the (intended) SMS message, either because of human error in queuing the
message (5%), or non-delivery of the message (15%). Increased automation and longer-life
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batteries would likely increase the fraction of intended SMS messages getting delivered, which
would push the ITT effects closer to the PP effects.

What our study adds to existing evidence

Three literature reviews on the subject of the effects of SMS messages on TB treatment and
adherence [15-17] all concluded that there was little evidence of significant benefits, either
because the studies were flawed or because no effects were found. Only one large recent RCT,
conducted in Anhui province in China [26] found significantly higher treatment completion
rates and lower treatment interruption and missed doses rates in the SMS than the control
group. However, this intervention is not comparable to our study as it examined the effect of
very intensive daily one-way SMS reminders to improve adherence rather than the one-shot
SMS reminder to promote initiation that we evaluated. We therefore appear to be the first to
document a relevant effect of SMS reminders on TB treatment initiation. As such, our study
responds to the recent concern that “evidence regarding the impact of digital adherence tech-
nologies on TB outcomes remains limited” [27].

Interpretation

Our results suggest that one SMS message successfully transmitted on the evening before the
due clinic return date substantially increases the likelihood of a patient coming back to get
their test results on the scheduled day-in the PP analysis, by 13 percentage points among the
sample as a whole and by 39 percentage points among HIV-positives. They have a smaller
effect on the likelihood of returning at longer intervals. The smaller effects for longer intervals
are consistent with the possibility of clinics contacting non-returnees testing positive starting
the day after they were supposed to return, per the health department guidelines, and also with
many patients coming back of their own accord, just not on the scheduled day. With a policy
in place to contact non-returning TB positives after the scheduled return date has passed, the
SMS may be less useful at combatting pre-treatment LTFU, and more useful at helping clinics
get people back on the requested day, thereby avoiding the need to trace them and contact
them if they fail to return.

Whether increases in two-day rates-of-return of 13 and 39 percentage points for the full
sample and for HIV-positives respectively are economically significant depends on the costs
and benefits involved. SMS message reminders are easy to automate and very cheap to deliver:
assuming a functional administrative data and communication system with reliable and up-to-
date phone numbers and language preferences, the incremental cost of dispatching messages
is just 2 U.S. cents. Given the negative effects of treatment delay on the health of the patient
[28-30], and the infection risk that treatment delay poses to others, the benefits of these per-
centage point increases in the likelihood of the patient returning on the scheduled day to get
their results seems likely to exceed 2 U.S. cents.

Supporting information
S1 File. IRB approval.
(PDF)

S2 File. IRB protocol.
(PDF)

S3 File. SPIRIT checklist. SPIRIT 2013 Checklist: Recommended items to address in a clinical
trial protocol.
(DOC)

PLOS ONE | https://doi.org/10.1371/journal.pone.0218527  June 20, 2019 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218527.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218527.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218527.s003
https://doi.org/10.1371/journal.pone.0218527

@ PLOS|ONE

SMS nudges and TB treatment

$4 File. CONSORT checklist. CONSORT 2010 checklist of information to include when
reporting a randomized trial.
(DOCQC)

S5 File. Table Distribution of sample across three study clinics.
(DOCX)

S6 File. Table Baseline characteristics (per-protocol sample).
(DOCX)

S7 File. Fig SMS1 and SMS2 results (per protocol).
(DOCX)

S8 File. Table Results for subsample not known to be HIV-positive.
(DOCX)

Acknowledgments

We thank Judy Caldwell, Anneke Hesseling, Mareli Claassens, Florian Marx, Nulda Beyers
and Pren Naidoo for their advice and inputs in the design phase of this study and their feed-
back on the interpretation of the results. We are grateful to Cobus Burger, Carmen Christian,
Heleen Hofmeyr, Thomas Ferreira, Rochelle Jacobs, Khanyisa Magungqana, Khanya Mama
and Siphesihle Watala for their research assistance. We also thank three PLOS ONE reviewers
for their helpful comments on previous versions of the paper. The findings, interpretations
and conclusions expressed in this paper are entirely those of the authors, and do not necessar-
ily represent the views of the World Bank, its Executive Directors, or the governments of the
countries they represent.

Author Contributions

Conceptualization: Adam Wagstaff, Eddy van Doorslaer, Ronelle Burger.
Data curation: Adam Wagstaff, Ronelle Burger.

Formal analysis: Adam Wagstaff, Ronelle Burger.

Investigation: Adam Wagstaff, Eddy van Doorslaer, Ronelle Burger.
Methodology: Adam Wagstaft, Eddy van Doorslaer, Ronelle Burger.
Supervision: Ronelle Burger.

Validation: Ronelle Burger.

Writing - original draft: Adam Wagstaff.

Writing - review & editing: Eddy van Doorslaer, Ronelle Burger.

References
1. World Health Organisation. Global tuberculosis report 2017. Geneva: WHO, 2017 2014. Report No.

2. Subbaraman R, Nathavitharana RR, Satyanarayana S, Pai M, Thomas BE, Chadha VK, et al. The
Tuberculosis Cascade of Care in India’s Public Sector: A Systematic Review and Meta-analysis. PLoS
Med. 2016; 13(10):e1002149. Epub 2016/10/26. https://doi.org/10.1371/journal.pmed.1002149 PMID:
27780217; PubMed Central PMCID: PMC5079571 following competing interests: MP is a consultant to
the Bill & Melinda Gates Foundation and a member of the Editorial Board of PLOS Medicine.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218527  June 20, 2019 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218527.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218527.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218527.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218527.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218527.s008
https://doi.org/10.1371/journal.pmed.1002149
http://www.ncbi.nlm.nih.gov/pubmed/27780217
https://doi.org/10.1371/journal.pone.0218527

@ PLOS|ONE

SMS nudges and TB treatment

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sreeramareddy CT, Qin ZZ, Satyanarayana S, Subbaraman R, Pai M. Delays in diagnosis and treat-
ment of pulmonary tuberculosis in India: a systematic review. Int J Tuberc Lung Dis. 2014; 18(3):255—
66. Epub 2014/03/29. https://doi.org/10.5588/ijtld.13.0585 PMID: 24670558; PubMed Central PMCID:
PMC4070850.

Naidoo P, Theron G, Rangaka MX, Chihota VN, Vaughan L, Brey ZO, et al. The South African Tubercu-
losis Care Cascade: Estimated Losses and Methodological Challenges. The Journal of infectious dis-
eases. 2017; 216(suppl_7):S702-S13. Epub 2017/11/09. https://doi.org/10.1093/infdis/jix335 PMID:
29117342; PubMed Central PMCID: PMC5853316.

MacPherson P, Houben RMGJ, Glynn JR, Corbett EL, Kranzer K. Pre-treatment loss to follow-up in
tuberculosis patients in low-and lower-middle-income countries and high-burden countries: a system-
atic review and meta-analysis. Bulletin of the World Health Organization. 2014; 92(2):126-38. https://
doi.org/10.2471/BLT.13.124800 PMID: 24623906

Botha E, Den Boon S, Lawrence KA, Reuter H, Verver S, Lombard CJ, et al. From suspect to patient:
tuberculosis diagnosis and treatment initiation in health facilities in South Africa. The International Jour-
nal of Tuberculosis and Lung Disease. 2008; 12(8):936—41. PMID: 18647454

Botha E, Den Boon S, Verver S, Dunbar R, Lawrence KA, Bosman M, et al. Initial default from tubercu-
losis treatment: how often does it happen and what are the reasons? The International Journal of Tuber-
culosis and Lung Disease. 2008; 12(7):820-3. PMID: 18544210

Claassens M, Lawrence K, Beyers N, editors. Tuberculosis initial treatment default in primary health-
care facilities in South Africa2010 2010: International Union Against Tuberculosis and Lung Disease
Paris.

Boehme CC, Nicol MP, Nabeta P, Michael JS, Gotuzzo E, Tahirli R, et al. Feasibility, diagnostic accu-
racy, and effectiveness of decentralised use of the Xpert MTB/RIF test for diagnosis of tuberculosis and
multidrug resistance: a multicentre implementation study. The Lancet. 2011; 377(9776):1495-505.
xhttps://doi.org/10.1016/S0140-6736(11)60438-8.

Department of Health of the Republic of South Africa. National Tuberculosis Management Guidelines
2014. Pretoria: Department of Health, Republic of South Africa, 2014.

Khan FA, Minion J, Pai M, Royce S, Burman W, Harries AD, et al. Treatment of active tuberculosis in
HIV-coinfected patients: a systematic review and meta-analysis. Clinical infectious diseases: an official
publication of the Infectious Diseases Society of America. 2010; 50(9):1288-99. Epub 2010/04/01.
https://doi.org/10.1086/651686 PMID: 20353364.

Mahtab S, Coetzee D. Influence of HIV and other risk factors on tuberculosis. South African medical
journal = Suid-Afrikaanse tydskrif vir geneeskunde. 2017; 107(5):428-34. Epub 2017/05/12. https://doi.
org/10.7196/SAMJ.2017.v107i5.11271 PMID: 28492125.

Engelbrecht MC, Kigozi NG, Chikobvu P, Botha S, van Rensburg HCJ. Unsuccessful TB treatment out-
comes with a focus on HIV co-infected cases: a cross-sectional retrospective record review in a high-
burdened province of South Africa. BMC Health Serv Res. 2017; 17(1):470. Epub 2017/07/12. https://
doi.org/10.1186/s12913-017-2406-x PMID: 28693508; PubMed Central PMCID: PMC5504727.

Luetkemeyer A, Goozé L, Daley CL. Tuberculosis and HIV. HIV InSite Knowledge Base Chapter Uni-
veristy California, San Francisco2013 [cited 2018 11/13/2018]. Available from: http://hivinsite.ucsf.edu/
InSite?page=kb-05-01-06#S4X.

Nglazi MD, Bekker LG, Wood R, Hussey GD, Wiysonge CS. Mobile phone text messaging for promot-
ing adherence to anti-tuberculosis treatment: a systematic review. BMC infectious diseases. 2013;
13:566. Epub 2013/12/04. https://doi.org/10.1186/1471-2334-13-566 PMID: 24295439; PubMed Cen-
tral PMCID: PMC4219402.

Liu Q, Abba K, Alejandria MM, Sinclair D, Balanag VM, Lansang MA. Reminder systems to improve
patient adherence to tuberculosis clinic appointments for diagnosis and treatment. The Cochrane data-
base of systematic reviews. 2014;(11):CD006594. Epub 2014/11/19. https://doi.org/10.1002/
14651858.CD006594.pub3 PMID: 25403701; PubMed Central PMCID: PMC4448217.

Ngwatu BK, Nsengiyumva NP, Oxlade O, Mappin-Kasirer B, Nguyen NL, Jaramillo E, et al. The impact
of digital health technologies on tuberculosis treatment: a systematic review. The European respiratory
journal. 2018; 51(1). Epub 2018/01/13. https://doi.org/10.1183/13993003.01596—2017 PMID:
29326332; PubMed Central PMCID: PMC5764088.

Gurol-Urganci |, de Jongh T, Vodopivec-Jamsek V, Atun R, Car J. Mobile phone messaging reminders
for attendance at healthcare appointments. Cochrane Database of Systematic Reviews. 2013; 12:1—
51. https://doi.org/10.1002/14651858.CD007458.pub3 PMID: CD007458.

Shah AK, Mullainathan S, Shafir E. Some Consequences of Having Too Little. Science. 2012; 338
(6107):682-5. https://doi.org/10.1126/science.1222426 PMID: 23118192

Bracha A, Brown DJ. Affective decision making: A theory of optimism bias. Games and Economic
Behavior. 2012; 75(1):67-80. https://doi.org/10.1016/j.geb.2011.11.004.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218527  June 20, 2019 13/14


https://doi.org/10.5588/ijtld.13.0585
http://www.ncbi.nlm.nih.gov/pubmed/24670558
https://doi.org/10.1093/infdis/jix335
http://www.ncbi.nlm.nih.gov/pubmed/29117342
https://doi.org/10.2471/BLT.13.124800
https://doi.org/10.2471/BLT.13.124800
http://www.ncbi.nlm.nih.gov/pubmed/24623906
http://www.ncbi.nlm.nih.gov/pubmed/18647454
http://www.ncbi.nlm.nih.gov/pubmed/18544210
https://doi.org/10.1016/S0140-6736(11)60438-8
https://doi.org/10.1086/651686
http://www.ncbi.nlm.nih.gov/pubmed/20353364
https://doi.org/10.7196/SAMJ.2017.v107i5.11271
https://doi.org/10.7196/SAMJ.2017.v107i5.11271
http://www.ncbi.nlm.nih.gov/pubmed/28492125
https://doi.org/10.1186/s12913-017-2406-x
https://doi.org/10.1186/s12913-017-2406-x
http://www.ncbi.nlm.nih.gov/pubmed/28693508
http://hivinsite.ucsf.edu/InSite?page=kb-05-01-06#S4X
http://hivinsite.ucsf.edu/InSite?page=kb-05-01-06#S4X
https://doi.org/10.1186/1471-2334-13-566
http://www.ncbi.nlm.nih.gov/pubmed/24295439
https://doi.org/10.1002/14651858.CD006594.pub3
https://doi.org/10.1002/14651858.CD006594.pub3
http://www.ncbi.nlm.nih.gov/pubmed/25403701
https://doi.org/10.1183/13993003.015962017
http://www.ncbi.nlm.nih.gov/pubmed/29326332
https://doi.org/10.1002/14651858.CD007458.pub3
http://www.ncbi.nlm.nih.gov/pubmed/CD007458
https://doi.org/10.1126/science.1222426
http://www.ncbi.nlm.nih.gov/pubmed/23118192
https://doi.org/10.1016/j.geb.2011.11.004
https://doi.org/10.1371/journal.pone.0218527

@ PLOS|ONE

SMS nudges and TB treatment

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Skinner D, Claassens MM. It's complicated: why do tuberculosis patients not initiate treatment? A quali-
tative study from South Africa. BMC infectious diseases. 2016; 16(712):1-9. https://doi.org/10.1186/
$12879-016-2054-5 PMID: 27887646

Claassens MM, Du Toit E, Dunbar R, Lombard C, Enarson DA, Beyers N, et al. Tuberculosis patients in
primary care do not start treatment. What role do health system delays play? The International Journal
of Tuberculosis and Lung Disease. 2013; 17(5):603-7. https://doi.org/10.5588/ijtld.12.0505 PMID:
23575324

Claassens MM, Dunbar R, Yang B, Lombard CJ. Scanty smears associated with initial loss to follow-up
in South African TB patients. International Journal of Tuberculosis and Lung Disease. 2017; 21(2):196—
201. https://doi.org/10.5588/ijtld.16.0292 PMID: 28234084

Julio R. MATCHIT: Stata module to match two datasets based on similar text patterns. S457992 ed:
Boston College Department of Economics; 2015.

Sealed Envelope Ltd. Create a blocked randomisation list Online2017. Available from: https://www.
sealedenvelope.com/simple-randomiser/v1/lists.

Fang XH, Guan SY, Tang L, Tao FB, Zou Z, Wang JX, et al. Effect of Short Message Service on Man-
agement of Pulmonary Tuberculosis Patients in Anhui Province, China: A Prospective, Randomized,
Controlled Study. Medical science monitor: international medical journal of experimental and clinical
research. 2017; 23:2465-9. Epub 2017/05/24. https://doi.org/10.12659/MSM.904957 PMID:
28534476; PubMed Central PMCID: PMC5450853.

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 global health. 2018; 3(5):e001018. Epub 2018/10/27. https://doi.org/10.1136/bmjgh-2018-
001018 PMID: 30364330; PubMed Central PMCID: PMC6195152.

Gebreegziabher SB, Bjune GA, Yimer SA. Total Delay Is Associated with Unfavorable Treatment Out-
come among Pulmonary Tuberculosis Patients in West Gojjam Zone, Northwest Ethiopia: A Prospec-
tive Cohort Study. PLoS One. 2016; 11(7):e0159579. Epub 2016/07/22. https://doi.org/10.1371/journal.
pone.0159579 PMID: 27442529; PubMed Central PMCID: PMC4956157.

Jorstad MD, Amus J, Marijani M, Sviland L, Mustafa T. Diagnostic delay in extrapulmonary tuberculosis
and impact on patient morbidity: A study from Zanzibar. PLoS One. 2018; 13(9):0203593. Epub 2018/
09/07. https://doi.org/10.1371/journal.pone.0203593 PMID: 30188947; PubMed Central PMCID:
PMC6126857.

Virenfeldt J, Rudolf F, Camara C, Furtado A, Gomes V, Aaby P, et al. Treatment delay affects clinical
severity of tuberculosis: a longitudinal cohort study. BMJ open. 2014; 4(6):e004818. Epub 2014/06/12.
https://doi.org/10.1136/bmjopen-2014-004818 PMID: 24916087; PubMed Central PMCID:
PMC4067883.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218527  June 20, 2019 14/14


https://doi.org/10.1186/s12879-016-2054-5
https://doi.org/10.1186/s12879-016-2054-5
http://www.ncbi.nlm.nih.gov/pubmed/27887646
https://doi.org/10.5588/ijtld.12.0505
http://www.ncbi.nlm.nih.gov/pubmed/23575324
https://doi.org/10.5588/ijtld.16.0292
http://www.ncbi.nlm.nih.gov/pubmed/28234084
https://www.sealedenvelope.com/simple-randomiser/v1/lists
https://www.sealedenvelope.com/simple-randomiser/v1/lists
https://doi.org/10.12659/MSM.904957
http://www.ncbi.nlm.nih.gov/pubmed/28534476
https://doi.org/10.1136/bmjgh-2018-001018
https://doi.org/10.1136/bmjgh-2018-001018
http://www.ncbi.nlm.nih.gov/pubmed/30364330
https://doi.org/10.1371/journal.pone.0159579
https://doi.org/10.1371/journal.pone.0159579
http://www.ncbi.nlm.nih.gov/pubmed/27442529
https://doi.org/10.1371/journal.pone.0203593
http://www.ncbi.nlm.nih.gov/pubmed/30188947
https://doi.org/10.1136/bmjopen-2014-004818
http://www.ncbi.nlm.nih.gov/pubmed/24916087
https://doi.org/10.1371/journal.pone.0218527

