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Abstract
Background: Good adherence to treatment is crucial to control tuberculosis (TB). Efficiency and feasibility of directly
observed therapy (DOT) under routine program conditions have been questioned. As an alternative, Médecins sans
Frontières introduced self-administered therapy (SAT) in several TB programs. We aimed to measure adherence to TB
treatment among patients receiving TB chemotherapy with fixed dose combination (FDC) under SAT at the Homa Bay
district hospital (Kenya). A second objective was to compare the adherence agreement between different assessment tools.
Methods: We conducted a cross-sectional survey amongst a series of new TB patients receiving 6 months of standard TB
chemotherapy with FDC under SAT. Adherence was assessed at home with urine testing for Isoniazid (INH), pill count,
interviewer-administered questionnaire and visual analogue scale (VAS).
Results: In November 2008 and in June 2009, 212 of 279 eligible patients were assessed for adherence. Overall, 95.2%
[95%CI: 91.3–97.7] of the patients reported not having missed a tablet in the last 4 days. On the VAS, complete adherence
was estimated at 92.5% [95%CI: 88.0–95.6]. INH urine test was positive for 97.6% [95%CI: 94.6–99.2] of the patients. Pill
count could be assessed among only 70% of the interviewed patients. Among them, it was complete for 82.3% [95%CI:
75.1–88.1]. Among the 212 surveyed patients, 193 (91.0%) were successfully treated (cured or treatment completed). The
data suggest a fair agreement between the questionnaire and the INH urine test (k = 0.43) and between the questionnaire
and the VAS (k = 0.40). Agreement was poor between the other adherence tools.
Conclusion: These results suggest that SAT, together with the FDC, allows achieving appropriate adherence to
antituberculosis treatment in a high TB and HIV burden area. The use of a combination of a VAS and a questionnaire can be
an adequate approach to monitor adherence to TB treatment in routine program conditions.
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approaches such as self-administered treatment (SAT) when
comparing cure or treatment completion rates [5]; v) DOT may
raise ethical issues regarding privacy and stigmatisation [6,7]. The
use of community DOT, if well monitored and supervised, can
solve some of these challenges [8]. Alternatively, Médecins sans
Frontières (MSF) has implemented SAT in several TB programs.
To ensure good adherence to TB treatment in these SAT based
programs, MSF promotes the use of fixed dose combinations
(FDC). FDCs, by considerably reducing the number of pills to
swallow, are likely to enhance adherence to treatment [9–11]. In
addition, FDCs may prevent the emergence of drug resistance and
have shown similar treatment outcomes as compared to separately
administered drugs [12]. The SAT approach should be associated
with patients-centred adherence strategies, including continuous
patient education and counselling, an adequate therapeutic
environment with a patient-health care provider relationship

Introduction
Good adherence to tuberculosis (TB) treatment is crucial to cure
patients, to limit the development of drug resistance and to reduce
TB transmission in the community. For years, WHO has been
recommending the administration of drugs through directly
observed therapy (DOT) as part of the control strategy called
DOTS [1]. The efficiency and feasibility of DOT in routine health
care programs have been questioned for several reasons: i) DOT
requires well functioning and well staffed health services which
may not be available in some high burden and limited resource
countries [2,3]; ii) DOT is expensive, and time-consuming for
patients [4]; iii) the appropriateness of using DOT for TB
treatment in regions of high HIV prevalence where antiretroviral
treatments (ART) are self-administered may be questioned; iv)
DOT has not consistently been shown to be superior to other
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based on trust, respect, and involvement of the patient in his/her
treatment, as well as social support when necessary.
Regular adherence monitoring is essential to follow the quality
of SAT based TB programs. To date, few data have been reported
on adherence in such programs located in limited resource, high
HIV-TB burden settings [13].
Adherence monitoring is however a challenge due to the lack of
reliable tools [14]. The available tools include questionnaires,
visual analogue scales (VAS), urine tests for isoniazid (INH), pill
counts, and monitoring of pill collection regularity. All have
limitations and usually cover different treatment intake periods. It
is therefore recommended to combine tools in order to obtain a
reliable and valid estimate of patient adherence [15]. Although
some of these tools have been well evaluated for adherence to
antiretrovirals in HIV infected patients [16–22] and some of these
results could be extrapolated to TB patients, further evaluation in
TB is necessary.
The primary objective of this study was to measure adherence
to TB treatment among patients receiving 6 months of standard
TB chemotherapy with FDC under SAT in a limited resource,
high TB-HIV burden setting. A secondary objective was to
compare the agreement between different adherence assessment
tools.

2RHZE/4RH under SAT. Patients in prison were excluded as
well as patients with history of previous TB treatment (including
relapse, failure and return after default) because their treatment
regimen was not only based on FDC. We aimed to recruit all
patients who started treatment in the 6 months preceding the start
of the survey. These patients were identified through the TB
register of the TB clinic of the Homa Bay district hospital and
medical records. Patients who died or defaulted (interruption of
treatment for two consecutives months or more) before the time of
the survey could not be assessed for adherence. Also, patients
hospitalized at the time of the survey were not assessed for
adherence because their treatment regimen was not based only on
FDC under SAT at the hospital.
Consent for an unplanned home visit was asked to all eligible
patients when they presented at the TB clinic for a regular weekly
or monthly visit. The purpose of the unplanned home visit was not
explained. Patients who did not accept a home visit were
secondarily excluded. For patients accepting, information about
the survey was given at the patient’s home. Patients signing the
informed consent were included in the study and adherence was
assessed. A second home visit was conducted in case of absence of
the patient. If the patient was still absent at the second visit, he/she
was recorded as ‘‘absent’’.

Materials and Methods

Adherence assessment and data collection
Recent adherence (last 4 days) and adherence during the last
month were measured using simultaneously two subjective
(questionnaire and VAS), and two objective adherence monitoring
tools (urine test for INH and a pill count).
Self-reported recent adherence was measured by a standardised
interviewer-administered questionnaire. Patients were asked to
report the number of antituberculosis pills they took the day before
the survey as well as 2 days, 3 days and 4 days before the survey.
This number of pills was compared to number of pills prescribed
to the patient. The adherence to TB medication in the last 4 days
was classified as unsatisfactory (more than 25% of the pills missed
in the last 4 days, corresponding to more than one daily dose
missed), satisfactory (no more than 25% of the pills missed in the
last 4 days, corresponding to a maximum of one daily dose missed)
or complete (no missed pill in the last 4 days).
The patient’s adherence to TB medication in the last month was
assessed using a 10 points linear VAS (‘‘how much of your
prescribed TB medications have you taken in the last month?’’).
The adherence measured by the VAS was classified as
unsatisfactory (,80%, that is rating a value lower than 8 on the
VAS), satisfactory ($80% but less than 100%) or complete
(100%). The cut-off of 80% refers to the threshold used to define
compliance in the IUAT trial of various durations of INH
preventive therapy for TB [27]. The questionnaire and the VAS
were pre-tested before the survey.
The questionnaire also included questions on socio-demographic characteristics, reasons for non-adherence, and adherence
secondary endpoints (number of appointments missed, last time
when the patient missed a pill, the way patients followed the
medical prescription in the last month and a VAS on patient selfconfidence to successfully take the medication).
Pill count was calculated by comparing remaining pills (missed
or not yet taken), shown by the patient at home, and pills given to
the patient at the last visit at the TB clinic. As the exact total
number of pills delivered to the patient at the TB clinic was not
always properly recorded, the number of pills received by the
patient was calculated based on the prescription and the number
of days between the last visit to the clinic and the day of
assessment. Usually patients received treatment for 7 days during

Study setting
The study was conducted in Homa Bay district, Nyanza
province, in western Kenya. This area encompasses 360,000
inhabitants. The estimated TB incidence in Kenya was 305/
100,000 inhabitants in 2009 [23]. The HIV prevalence was 15.3%
in Nyanza province [24] and 24% in Homa Bay District [25]
where 74% of TB cases were HIV infected [26]. Since 2000, MSF
has been running a medical HIV/AIDS programme in Homa Bay
and has also been supporting the Ministry of Health TB clinic of
the district hospital. Newly diagnosed TB patients were receiving a
6 months of standard TB chemotherapy (fixed dose combination
of 2 months rifampicin (R), isoniazid (H), pirazinamide (Z) and
ethambutol (E), followed by 4 months of RH), using a selfadministrated approach. Patients collected the drugs weekly for
the first 2 months (intensive phase), and monthly for the last 4
months (continuation phase). Patients received the exact number
of pills necessary to cover the period between two visits at the
clinic. Treatments strategies were based on patient-centered
support and patients’ education. This individual-based approach
relied on a trusting relationship between care providers and
patients. In practice, health education was provided as a group
session by an ‘‘exemplary patient’’ to patients in the waiting area.
Individual adherence counselling was also given by a counselor at
the time of TB diagnosis and at each follow-up visit. Counselors
were available to provide specific in-depth patient support
according to the needs. In addition, food supplementation was
given to TB patients with a body mass index under 17.5 kg/m2.
Provider initiated voluntary counselling and testing for HIV
infection was also systematically offered to all TB patients. None of
the component of these SAT strategy was changed for the purpose
of this study that aimed to evaluate adherence under routine
program conditions.

Study design and participants
We conducted a cross-sectional survey. Eligible patients were
new TB patients, aged at least 18 years, living in Homa Bay
District, with active pulmonary (both smear positive and negative)
or extra pulmonary TB and receiving a fixed dose combination of
PLoS ONE | www.plosone.org
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Data were analysed using StataH 9 software (College Station,
Texas, USA).

the intensive phase and 28 days during the continuation phase.
The calculated proportion of pills actually taken by the patient was
classified as unsatisfactory (,80%), satisfactory ($80% but less
than 100%) or complete (100%) [27].
BBLTM TaxoTM INH urine test strip was used to identify the
presence of INH in the patient urine. Results were classified as
positive or negative. The test has a good sensitivity to detect if INH
was ingested in the previous 24 to 36 hours. Some patients may
remain positive at 60 hours (28% positive) and 72 hours (4%) after
drug ingestion [28].
Adherence assessments was performed by eight teams that
included one medical and one non-medical person. The
surveyors were not part of the staff providing care to the patient.
All teams were trained in the study procedures. The questionnaire and the VAS were completed first and subsequently,
patients were asked to present their drugs container and the
remaining pills were counted. Urine was collected at the end for
INH testing.
Patients’ TB treatment outcomes were collected from the TB
register at the TB clinic. The outcomes were classified following
the standard WHO definitions [29].

Ethics
The study was approved by the scientific and ethical review
committees of the Kenyan Medical Research Institute (KEMRI) in
Nairobi and the Committee de Protection des Personnes de St
Germain en Layes, France.
Written informed consent was obtained from each patient
before participation.
Patients with poor adherence were offered additional adherence
support and counselling.

Results
Participants
In order to obtain the estimated sample size, the survey was
performed in two stages: November 2008 and June 2009. All
eligible patients who started TB treatment between May and
October 2008 (n = 132) were investigated in November 2008 and
patients who started TB treatment between December 2008 and
June 2009 (n = 147) were investigated in June 2009. There was no
statistical evidence for a difference in the characteristics of the
two series of patients (data not shown). Of the 279 eligible
patients, 67 were not interviewed: 25 (9.0%) had defaulted prior
to asking consent for a home visit, 14 could not be located (5.0%),
13 (4.7%) did not consent for a home visit, 11 (3.9%) were dead
and 4 (1.4%) were hospitalised by the time of the survey
(Figure 1). Socio-demographic and medical characteristics of the
212 patients included in the adherence assessment are presented
in Table 1. One third (73/212) of the patients where helped by
another person for treatment intake. About half of these people
(56.5%) were present when the patient was answering the
questionnaire.

Sample size and statistical analysis
To measure the proportion of patients with complete adherence
with a 10% precision on the estimate, we needed to recruit 81
patients considering an expected 70% complete adherence rate
during the intensive phase and 97 patients considering an expected
50% adherence rate during the continuation phase (a = 0.05).
Expecting about one third of the patients in the intensive phase of
treatment, we needed to include a series of 243 patients.
For each adherence measurement tool, the proportions of
patients with complete, satisfactory and unsatisfactory adherence
were calculated. The proportions of patients with complete
adherence were presented with exact 95% confidence intervals
(95%CI).
Agreement between adherence measurements was assessed
using the kappa coefficient. The maximum attainable kappa, that
is the maximum value of the kappa coefficient attainable for this
set of data and the prevalence index were also calculated [30].
Because there is no gold standard tool to measure the adherence to
TB treatment, a latent class analysis (LCA) was used to estimate
the true prevalence of satisfactory adherence and to assess the
posterior probability of being adherent [31,32]. LCA assumes that
patients can be classified in two groups: adherent and nonadherent and allows computing the probability of being adherent
for each combination of adherence measurement tools.

Adherence
Adherence was assessed in a median delay of 2 days after the
last visit at the TB clinic (min-max: 0–7) for patients in the
intensive phase of treatment, and of 8 days (min-max: 0–41) for
patients in the continuation phase of treatment.
The estimated level of adherence was high using all the
adherence measurement tools (Tables 2 and 3). Overall, 95.2%
[95%CI: 91.3 to 97.7] of the patients reported not having missed a
pill in the last 4 days. On the VAS, complete adherence was
estimated at 92.5% [95%CI: 88.0 to 95.6]. Urine INH test was
positive for 97.6% [95%CI: 94.6 to 99.2] of the patients. Pill count

Figure 1. Survey Profile.
doi:10.1371/journal.pone.0032140.g001
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Among the 212 surveyed patients, 193 (91.0%) were successfully
treated (cured or treatment completed) (Table 4). Among the 279
eligible patients, the success rate was 78.9%. The proportion of
unfavourable outcomes (death, failure, or default excluding
patients transferred out) tended to be lower in the group of
patients with satisfactory adherence (13/192, 6.8%) than in the
group of patients with unsatisfactory adherence by at least one of
the 4 tools (2/16, 12.5%; p = 0.32) but the difference was not
statistically significant.

Table 1. Baseline characteristics of the participants.

n (%)

Total
(n = 212)

Socio-demographic characteristics
Mean age (years) 6 standard deviation
Female
Education:

Distance home-clinic (km):

Residence area:

35.0611.9
98 (46.2)

Never went to school

10 (4.7)

Incomplete primary

76 (35.9)

Complete primary

52 (24.5)

Incomplete secondary

24 (11.3)

Complete secondary

32 (15.1)

Higher level

18 (8.5)

0-,5 km

114 (55.9)

5-,10 km

48 (23.5)

10 km or more

42 (20.6)

Rural

102 (48.6)

Urban

108 (51.4)

Tools agreement
The data suggest a fair agreement between the questionnaire
and the INH urine test (k = 0.43) and between the questionnaire
and the VAS (k = 0.40) (Table 5). Agreement was poor between
the other adherence tools (k,0.40). Due to the high number of
missing values, the pill count was not included in the LCA model.
According to the LCA model, having an adherence classified as
satisfactory by at least two of the three tests (INH and/or VAS
and/or questionnaire) gave a posterior probability of being
satisfactory adherent equal to 1 (Table 6). Posterior probability
of being satisfactory adherent with an adherence classified as
satisfactory by only one of the three tests was inferior or equal to
0.5. Predicted frequencies by the model show the good fit of the
data.

Medical characteristics
Pulmonary tuberculosis

167 (78.8)

Weeks between the start of the treatment and the survey:
Median (minimum – maximum)

12.7 (0.9–
24)

1 to 7 (intensive phase)

64 (30.2)

8 to 24 (continuation phase)

148 (69.8)

HIV Positive (n = 202)*

153 (75.7)

HIV positive under ART (n = 103)**

75 (72.8)

Discussion
The results of this study suggest a good adherence to the selfadministered TB treatment with FDCs for new TB cases in Homa
Bay district, western part of Kenya. Both recent adherence
(measured through questionnaire and INH test) and last month
adherence (measured through VAS) to TB treatment were good.
There was no evidence for a difference in adherence during
intensive and continuation phase of the TB treatment. Similar
good adherence has been previously reported using SAT in a slum
in Nairobi [13] and experiences from various countries have
shown that interventions such as enabling patients to take
responsibility for their health or increasing flexibility in terms of
patient choice of treatment strategy, could improve adherence to
TB treatment [33,34]. The main reason of non adherence
reported by the patients was running out of pills, as reported in
other African settings [35]. The reason for running out of pills was
likely to be explained by missed appointment or loss of pills. The
second reason was being away from home, mainly due to the
economic activities in the area. In contrary to previous studies,
feeling better or drugs side effects were not frequently reported as
reasons for non adherence [35–37].
This cross-sectional study has several limitations: i) This design
allows a rapid assessment easily replicated in other programmes or
other time periods but can only measure adherence at one point of
time and does not allow assessing the variation of adherence over
the full length of treatment compared to the use of a prospective
cohort study [38]. ii) Twenty four percent of the eligible survey
population were not assessed for adherence. The exclusion of
patients who defaulted before the survey was related to the use of a
cross-sectional design and resulted in an overestimation of the
adherence. Nevertheless, even when adherence to treatment was
estimated including the defaulters and considering them as nonadherent, the adherence level remained fairly good, close to 80%.
Similarly, some patients were not interviewed because either they
died before the survey; were hospitalised at the time of the survey;
could not be located or refused to consent for an home visit. iii)
Adherence was assessed among patients who had come recently to
collect their pills at the TB clinic. This may have overestimated the

*10 missing data.
**ART data missing for 50 HIV positive.
doi:10.1371/journal.pone.0032140.t001

could only be assessed among 70% of the interviewed patients.
The proportion of pills taken by the patient was classified as
complete for 82.3% [95%CI: 75.1 to 88.1]. Except for the VAS,
main adherence results tended to be better during the intensive
phase than during the continuation phase. The differences were
not statistically significant although there was a trend for the pill
count (Table 2). There was no significant difference in adherence
neither between HIV infected and non infected patients nor
between patients on ART and patients not on ART (data not
shown).
For 16 patients (7.5%), adherence was classified as unsatisfactory by at least one of the 4 tools. Taking in consideration the 4
tools and excluding patients with missing data for any one of the 4
tools, 91.1% [133/146; 95%CI 85.3–95.2] of patients interviewed
had a satisfactory adherence on all the 4 adherence measurements
tools (INH test positive, VAS$80%, questionnaire $75%, pill
count $80%). The LCA model estimated the prevalence of true
satisfactory adherence at 99% [95%CI 97–100%] . If the 25
patients who defaulted before being asked consent for a home visit
were included in the estimation of the adherence level and
considering that all of them would have had a non-satisfactory
adherence, the overall adherence would have been 77.8% (133/
171) [95%CI 70.8–83.8].
Reasons for non-adherence were reported by 17 patients who
had missed at least one pill through the questionnaire and/or the
VAS. The main reasons were: running out of pills (22%), being
away from home (19%) or forgetting to take the medication (17%).
PLoS ONE | www.plosone.org
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Table 2. Adherence (main endpoints) of the participants according to the phase of treatment (n = 212).

Intensive

Continuation

n (%)

n (%)

Adherence according to questionnaire**

n (%)
0.40

Complete (no missed pill last 4 days)

61 (96.8)

137 (94.5)

198 (95.2)

Satisfactory (max 25% missed last 4 days)

2 (3.2)

4 (2.8)

6 (2.9)

Unsatisfactory (.25% missed last 4 days)

0 (0.0)

4 (2.8)

VAS: ‘‘how much of your prescribed TB medications have you taken in the last month’’

INH test

All

p*

4 (1.9)
0.84

Complete (100%)

59 (92.2)

137 (92.6)

196 (92.5)

Satisfactory ($80%)

5 (7.8)

10 (6.8)

15 (7.0)

Unsatisfactory (,80%)

0 (0.0)

1 (0.6)

Positive

64 (100)

143 (96.6)

Negative

0 (0.0)

5 (3.4)

Complete (100%)

49 (90.7)

72 (77.4)

121 (82.3)

Satisfactory ($80%)

2 (3.7)

14 (15.1)

16 (10.9)

Unsatisfactory (,80%)

3 (5.7)

7 (7.5)

10 (6.8)

Pill count***

1 (0.5)
0.33

207 (97.6)
5 (2.4)

0.08

*Fisher exact.
**4 missing data.
***65 missing data or inconsistencies.
doi:10.1371/journal.pone.0032140.t002

prone to social desirability bias as patients might tend to provide
answers that would fit the surveyors expectations (that is, good
adherence to treatment). We tried to limit this bias by working
with surveyors who were not part of the staff providing care to the
patient.
Since there is no gold standard to assess adherence to TB
treatment, it is suggested to use a combination of adherence
monitoring tools [15]. The Medication Event Monitoring System

adherence because treatment adherence is likely to be better in the
days surrounding clinical appointment [14]. iv) Another limitation
was the high number of missing values for the pill count. This is
mostly explained by the fact that, for several patients, it was
difficult to know exactly how many pills they have received at the
last appointment to the TB clinic, and that some surveyors, at the
beginning of the survey, included erroneously the pyridoxine in
the TB pill count. v) Finally, self-reported adherence measures are

Table 3. Adherence (secondary endpoints) of the participants according to the phase of treatment (n = 212).

$1 appointment(s) missed for drug collection

Intensive

Continuation

n (%)

n (%)

0 (0.0)

5 (3.4)

Last time reported to have missed a pill**

p*

All
n (%)

0.33

5 (2.4)

0.84

Never missed a pill

55 (93.2)

128 (90.1)

183 (91.0)

Last 4 days

2 (3.4)

5 (3.5)

7 (3.5)

More than 4 days ago

2 (3.4)

9 (6.3)

11 (5.5)

Strictly

59 (95.1)

143 (96.6)

202 (96.2)

Approximately with few deviations

3 (4.8)

4 (2.7)

7 (3.3)

Regarding your TB treatment, in the last month, how did you follow the medical prescription:

0.60

With many deviations

0 (0.0)

1 (0.7)

1 (0.5)

Rarely/Did not take any pill

0 (0.0)

0 (0.0)

0 (0.0)

60 (95.2)

136 (93.8)

Never stop taking pill for more than 2 days
VAS: ‘‘how confident do you feel you can successfully take your medication’’

1.0

196 (94.2)

0.001

100%

56 (87.5)

143 (96.6)

199 (93.9)

$80%

8 (12.5)

2 (1.4)

10 (4.7)

,80%

0 (0.0)

3 (2.0)

3 (1.4)

*Fisher exact.
**11 missing data.
doi:10.1371/journal.pone.0032140.t003
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Table 4. TB treatment outcome.

Table 5. Agreement between adherence measurement tools.

n (%)

Patients
surveyed
(n = 212)

(surveyed or not; n = 279)

Success*

193 (91.0)

214 (78.9)

Questionnaire
,75%

Questionnaire
$75%

Total

VAS ,80%

1

0

1

VAS $80%

3

204

207

4

204

208

Maximum attainable
k: 0.40

Prevalence index: 0.98

Questionnaire
,75%

Questionnaire
$75%

INH test 2

2

3

INH test +

2

201

203

Total

4

204

208

k: 0.43

Maximum attainable k: Prevalence index: 0.96
0.87

All eligible patients

Death

6 (2.8)

19 (7.0)

Total

Failure

4 (1.9)

4 (1.5)

k: 0.40

Default

5 (2.4)

30 (11.1)

Transferred out

4 (1.9)

4 (1.5)

Missing data

/

8

*Cured or treatment completed.
doi:10.1371/journal.pone.0032140.t004

(MEMSH) is an objective tool often used in studies on treatment
adherence [14]. It is an electronic device included in a drug
container, which records the date and hour of each opening.
However, this device is very technical, it is expensive and does not
ensure that the patient actually ingested the pill. For these reasons
as well as for operational reasons, we decided not to use it in this
survey. We used a combination of objective (INH urine test, pill
count) and subjective tools (VAS and questionnaire). Studies using
pill count, VAS and questionnaires in monitoring adherence to
HIV treatment have reported good agreement between questionnaires and VAS [17,19], pill count and VAS [16,19] or
questionnaire [18,19], and between different measures of selfreported adherence [20,21]. We expected similar results but the
observed agreement between the adherence measurement tools
used in this survey was low (kappa#0.43) as well as most of the
estimated maximum attainable kappa. The kappa coefficients
should be interpreted with caution as confidence intervals were
wide, the sample of patients selected for adherence assessment was
likely to be more homogeneously adherent, and the low prevalence
of non-adherence [30] might have influenced the magnitude of the
coefficients. Nevertheless, this low agreement could also be
explained by the fact that each adherence measurement tool was
measuring different components of adherence, over different time
periods, which gives another reason to combine different tools to
monitor adherence.
In the absence of gold standard to measure adherence to TB
treatment, we decided to use a LCA model. In this model, the
combination of two out of three adherence measurement tools
(INH test, questionnaire, VAS) predicted very well the adherence
to TB treatment. Due to the number of missing values, it was not
possible to include the pill count in the model.
INH urine test is the most objective tool for monitoring of
adherence to TB treatment. However, it only reflects recent dose
intake and, therefore, if performed in the health facility, INH urine
test might overestimate the adherence level of patients as they may
tend to ingest pills just before their visit. Also, the relatively high
price, the supply constraints and the storage condition (cold chain)
of this manufactured test make it difficult to use in routine
conditions. Although these limitations may be partly overcome by
the possibility of making local non commercial tests for a much
cheaper cost [39,40], a urine test may appear intrusive for the
patient and might not be suitable to monitor adherence routinely
under program conditions. In addition, pill count has been shown
to be a reliable tool for monitoring of adherence to HIV treatment
[18]. However, the accuracy of a clinic-based planned pill count
may be easily distorted by the patient and is limited by patients
failing to bring all their pills to the clinic. Also, as the INH test, pill
PLoS ONE | www.plosone.org
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Pill count ,80%

1

9

Pill count $80%

1

135
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Total

2

144

146

k: 0.15

Maximum attainable k: Prevalence index: 0.92
0.32
VAS ,80%

10

VAS $80%

INH test 2

1

4

5

INH test +

0

207

207

Total

1

211

212

k: 0.33

Maximum attainable Prevalence index:
k: 0.33
0.97
VAS ,80%

VAS $80%

Pill count ,80%

1

9

Pill count $80%

0

137

137

Total

1

146

147

k: 0.17

Maximum attainable k: Prevalence index: 0.93
0.17
INH test 2

INH test +

10

Pill count ,80%

1

9

Pill count $80%

2

135

137

Total

3

144

147

k: 0.13

Maximum attainable k: Prevalence index: 0.91
0.44

10

doi:10.1371/journal.pone.0032140.t005

count appears contradictory to patient’s empowerment. On the
contrary, questionnaires and VAS have been described to be easy
to use, non intrusive and cheap tools to measure both recent and
last month adherence [19]. Pictographic and color VAS have been
shown to be valid and useful tools in assessing medication
adherence in lower-literacy populations [41]. Thus, these tools
seem to be well adapted to programmatic conditions after training
on their use.
In conclusion, this survey conducted in routine program
conditions has shown that self-administered therapy together with
the FDC and patient centred adherence strategies allows achieving
appropriate adherence to antituberculosis treatment in a high TB
and HIV burden area. This strategy is well adapted to limited
6
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simple tools, such as the VAS and a questionnaire, might be an
adequate approach to monitor adherence to TB treatment in
routine program conditions, further validation is required. Also, in
the future, other tools might play a role in the support and
monitoring of adherence to TB treatment, in particular communication devices such as mobile phones, which are more and more
available in high burden and limited resource countries [42,43].

Table 6. Posterior probability of adherence (latent class
analysis).

VAS

Questionnaire

INH test

Probability of being adherent

+

+

+

1

+

+

2

1

+

2

+

1

+

2

2

0.03

2

+

+

1

2

+

2

0.01

2

2

+

0.51

2

2

2

0
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resources settings. However, these results can not be directly
extrapolated in settings where single antituberculosis drugs are
administered separately. Although the use of a combination of two

References
1.

2.

3.

4.

5.
6.

7.
8.

9.

10.

11.

12.

13.

14.
15.
16.

17.

18. Bangsberg DR, Hecht FM, Charlebois ED, Zolopa AR, Holodniy M, et al.
(2000) Adherence to protease inhibitors, HIV-1 viral load, and development of
drug resistance in an indigent population. AIDS 14: 357–366.
19. Oyugi JH, Byakika-Tusiime J, Charlebois ED, Kityo C, Mugerwa R, et al.
(2004) Multiple validated measures of adherence indicate high levels of
adherence to generic HIV antiretroviral therapy in a resource-limited setting.
J Acquir Immune Defic Syndr 36: 1100–1102.
20. Mannheimer S, Thackeray L, Huppler HK, Chesney M, Gardner EM, et al.
(2008) A randomized comparison of two instruments for measuring self-reported
antiretroviral adherence. AIDS Care 20: 161–169.
21. Mannheimer SB, Mukherjee R, Hirschhorn LR, Dougherty J, Celano SA, et al.
(2006) The CASE adherence index: A novel method for measuring adherence to
antiretroviral therapy. AIDS Care 18: 853–861.
22. Bangsberg DR (2006) Monitoring adherence to HIV antiretroviral therapy in
routine clinical practice: The past, the present, and the future. AIDS Behav 10:
249–251.
23. World Health Organization (2010) Kenya. Tuberculosis profile 2009. www who
int/tb/data Accessed 2011 Apr. 12.
24. National AIDS and STI Control Programme K (2008) Kenya AIDS Indicator
Survey 2007: Preliminary Report.
25. NACC: National AIDS and STI Control Council (2005) Kenya HIV/AIDS
Data Booklet.
26. Huerga H, Spillane H, Guerrero W, Odongo A, Varaine F (2010) Impact of
introducing human immunodeficiency virus testing, treatment and care in a
tuberculosis clinic in rural Kenya. Int J Tuberc Lung Dis 14: 611–615.
27. International Union Against Tuberculosis Committee on Prophylaxis (1982)
Efficacy of various durations of isoniazid preventive therapy for tuberculosis: five
years of follow-up in the IUAT trial. Bull World Health Organ 60: 555–564.
28. Elizaga J, Friedland JS (1997) Monitoring compliance with antituberculous
treatment by detection of isoniazid in urine. Lancet 350: 1225–1226.
29. Word Health Organisation (2010) Treatment of tuberculosis: guidelines – 4th
edition. Geneva: WHO press.
30. Sim J, Wright CC (2005) The kappa statistic in reliability studies: use,
interpretation, and sample size requirements. Phys Ther 85: 257–268.
31. Pepe MS, Janes H (2007) Insights into latent class analysis of diagnostic test
performance. Biostatistics 8: 474–484.
32. Tuyisenge L, Ndimubanzi CP, Ndayisaba G, Muganga N, Menten J, et al.
(2010) Evaluation of latent class analysis and decision thresholds to guide the
diagnosis of pediatric tuberculosis in a Rwandan reference hospital. Pediatr
Infect Dis J 29: e11–e18.
33. Macq J, Torfoss T, Getahun H (2007) Patient empowerment in tuberculosis
control: reflecting on past documented experiences. Trop Med Int Health 12:
873–885.
34. Munro SA, Lewin SA, Smith HJ, Engel ME, Fretheim A, et al. (2007) Patient
adherence to tuberculosis treatment: a systematic review of qualitative research.
PLoS Med 4: e238.
35. Kaona FA, Tuba M, Siziya S, Sikaona L (2004) An assessment of factors
contributing to treatment adherence and knowledge of TB transmission among
patients on TB treatment. BMC Public Health 4: 68.

Word Health Organisation (2006) The Stop TB Strategy. Building on and
enhancing DOTS to meet the TB-related Millennium Development Goals.
Geneva: WHO press.
Atun RA, Samyshkin YA, Drobniewski F, Skuratova NM, Gusarova G, et al.
(2005) Barriers to sustainable tuberculosis control in the Russian Federation
health system. Bull World Health Organ 83: 217–223.
Fochsen G, Deshpande K, Ringsberg KC, Thorson A (2009) Conflicting
accountabilities: Doctor’s dilemma in TB control in rural India. Health Policy
89: 160–167.
Steffen R, Menzies D, Oxlade O, Pinto M, de Castro AZ, et al. (2010) Patients’
costs and cost-effectiveness of tuberculosis treatment in DOTS and non-DOTS
facilities in Rio de Janeiro, Brazil. PLoS One 5: e14014.
Volmink J, Garner P (2007) Directly observed therapy for treating tuberculosis.
Cochrane Database Syst Rev. CD003343.
Verma G, Upshur RE, Rea E, Benatar SR (2004) Critical reflections on
evidence, ethics and effectiveness in the management of tuberculosis: public
health and global perspectives. BMC Med Ethics 5: E2.
Selgelid MJ, Reichman LB (2011) Ethical issues in tuberculosis diagnosis and
treatment. Int J Tuberc Lung Dis 15 Suppl 2: S9–13.
Mafigiri DK, McGrath JW, Whalen CC (2011) Task shifting for tuberculosis
control: A qualitative study of community-based directly observed therapy in
urban Uganda. Glob Public Health. pp 1–15.
Bangalore S, Kamalakkannan G, Parkar S, Messerli FH (2007) Fixed-dose
combinations improve medication compliance: a meta-analysis. Am J Med 120:
713–719.
Blomberg B, Spinaci S, Fourie B, Laing R (2001) The rationale for
recommending fixed-dose combination tablets for treatment of tuberculosis.
Bull World Health Organ 79: 61–68.
Connor J, Rafter N, Rodgers A (2004) Do fixed-dose combination pills or unitof-use packaging improve adherence? A systematic review. Bull World Health
Organ 82: 935–939.
Lienhardt C, Cook SV, Burgos M, Yorke-Edwards V, Rigouts L, et al. (2011)
Efficacy and safety of a 4-drug fixed-dose combination regimen compared with
separate drugs for treatment of pulmonary tuberculosis: the Study C randomized
controlled trial. JAMA 305: 1415–1423.
Raguenaud ME, Zachariah R, Massaquoi M, Ombeka V, Ritter H, et al. (2008)
High adherence to anti-tuberculosis treatment among patients attending a
hospital and slum health centre in Nairobi, Kenya. Global Public Health 3:
433–439.
Osterberg L, Blaschke T (2005) Adherence to medication. N Engl J Med 353:
487–497.
Word Health Organisation (2003) Adherence to long-term therapies: evidence
for action. Geneva: WHO press.
Giordano TP, Guzman D, Clark R, Charlebois ED, Bangsberg DR (2004)
Measuring adherence to antiretroviral therapy in a diverse population using a
visual analogue scale. HIV Clin Trials 5: 74–79.
Amico KR, Fisher WA, Cornman DH, Shuper PA, Redding CG, et al. (2006)
Visual analog scale of ART adherence: association with 3-day self-report and
adherence barriers. J Acquir Immune Defic Syndr 42: 455–459.

PLoS ONE | www.plosone.org

7

March 2012 | Volume 7 | Issue 3 | e32140

Adherence to Self-Administered TB Treatment

40. Szakacs TA, Wilson D, Cameron DW, Clark M, Kocheleff P, et al. (2006)
Adherence with isoniazid for prevention of tuberculosis among HIV-infected
adults in South Africa. BMC Infect Dis 6: 97.
41. Kalichman SC, Cain D, Fuhrel A, Eaton L, Di FK, et al. (2005) Assessing
medication adherence self-efficacy among low-literacy patients: development of
a pictographic visual analogue scale. Health Educ Res 20: 24–35.
42. Person AK, Blain ML, Jiang H, Rasmussen PW, Stout JE (2011) Text messaging
for enhancement of testing and treatment for tuberculosis, human immunodeficiency virus, and syphilis: a survey of attitudes toward cellular phones and
healthcare. Telemed J E Health 17: 189–195.
43. Kaplan WA (2006) Can the ubiquitous power of mobile phones be used to
improve health outcomes in developing countries? Global Health 2: 9.

36. Awofeso N (2008) Anti-tuberculosis medication side-effects constitute major
factor for poor adherence to tuberculosis treatment. Bull World Health Organ
86: B–D.
37. Xu W, Lu W, Zhou Y, Zhu L, Shen H, et al. (2009) Adherence to antituberculosis treatment among pulmonary tuberculosis patients: a qualitative and
quantitative study. BMC Health Serv Res 9: 169.
38. Youngleson SM, Joubert G (1991) A comparison of cross-sectional and
longitudinal survey methods in measuring patient compliance with tuberculosis
treatment. S Afr Med J 80: 331–335.
39. Meissner PE, Musoke P, Okwera A, Bunn JE, Coulter JB (2002) The value of
urine testing for verifying adherence to anti-tuberculosis chemotherapy in
children and adults in Uganda. Int J Tuberc Lung Dis 6: 903–908.

PLoS ONE | www.plosone.org

8

March 2012 | Volume 7 | Issue 3 | e32140

