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Abstract

Background

The World Health Organization recommends isoniazid preventive therapy (IPT) for six

months for child contacts without tuberculosis (TB), who are exposed to an adult with active

TB. The effectiveness of IPT depends on 80% or greater adherence to medication. In the

current study, we assessed IPT adherence and explored barriers to and facilitators of adher-

ence among eligible child contacts in Kigali, Rwanda.

Methods

A mixed method study design was used to prospectively assess adherence to IPT among

eligible child contacts and its associated factors through a quantitative, observational cohort

study, and to explore barriers to and facilitators of adherence to IPT through a descriptive

qualitative study.

Results

Of the 84 child contacts who started IPT, 74 (88%) had complete adherence and ten (12%)

had incomplete adherence. There were no factors (individual characteristics of index cases,

households and or health facility characteristics) found to be significantly associated with

IPT adherence in the bivariate and multivariate analysis. In the qualitative analysis, we iden-

tified factors relating to parents/caregivers, disease, household and health-care providers

as major themes determining IPT adherence.
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Conclusion

There was a high rate of IPT completion in this cohort of eligible child contacts living in Kigali.

However, structural factors (poverty and relocation) were found to be the main barriers to

IPT adherence that could be addressed by health-care providers.

Introduction

Young children exposed to an adult or older child with tuberculosis (TB), referred to as an

index case [1], are at high risk of infection with Mycobacterium tuberculosis [2,3]. Without any

intervention, 5–10% of infected children will develop active TB within one year, and the risk is

the highest among the youngest (<2 years old) or HIV-infected children [2,4]. Also, infants

and young children are at high risk of developing severe disseminated forms of TB such as TB

meningitis and miliary TB, and of TB-related mortality [5,6].

The World Health Organization (WHO) has for many years recommended isoniazid pre-

ventive therapy (IPT) for at least six months for young (<5 years) children who are exposed to a

TB index case and who do not have active TB disease [7,8]. More recently, TB preventive treat-

ment has received greater attention as a key element of the WHO’s End TB strategy, which aims

to reduce TB incidence by 90% by 2035 [9]. The most recent WHO guidelines for treatment of

latent TB infection now include the consideration of older (�5 years) child contacts without

active TB for preventive therapy [10]. IPT has been proven effective in reducing TB incidence

[8,9] and is included in the national TB programme (NTP) guidelines of many resource-limited

countries [10]. However, IPT is not consistently offered to at-risk children, and when offered, is

often unsupervised and characterised by poor uptake and adherence [11–14]. The effectiveness

of IPT is dependent on 80% or greater adherence to medication [8]. Several studies from Indo-

nesia, Ethiopia, Brazil and South Africa show inadequate adherence to IPT among child con-

tacts [14–18]. Among these, the two studies conducted in Indonesia [16,17] revealed that

access, social support and regime, caregivers and health care related factors were barriers and

facilitators to IPT adherence. Studies from Indonesia and Brazil also reported that transport

and medication costs were associated with incomplete adherence [16,18].

Rwanda established the IPT policy in 2005, and recently the NTP has focussed on TB in

children because case detection and TB treatment are recognised as an opportunity to reduce

child mortality [19,20]. Since 2009, the NTP strategy has been promoting the uptake and

adherence to IPT as one of the 30 performance indicators. However, to date, no study has been

conducted in Rwanda to assess the IPT adherence among child contacts, and little is known

about the factors associated with inadequate adherence.

In Rwanda community health workers (CHWs) are involved in the management of child

contacts. Other local interventions include free TB care, increased number of primary health-

care centres (PHCs) and a community-based health insurance scheme to increase geographic

and financial access to health care. In addition, performance-based financing has been imple-

mented to motivate health-care providers to improve service output and quality of care. The

current study reports on IPT adherence and explore s the facilitators and barriers to IPT

adherence in Kigali, Rwanda.

Methods

Settings and participants

This study is part of a cross-sectional research project that was conducted in Kigali, the capital

of Rwanda by a consortium of researchers from South Africa, Australia and Rwanda between
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1 August 2015 and 29 February 2016 [21]. The study aimed to evaluate the diagnostic perfor-

mance of the Xpert MTB/RIF assay in sputum collected by the gastric Lavage (GL) technique

from symptomatic child contacts. Kigali has 35 primary health care centres (PHCs) that offer

tuberculosis (TB) diagnosis and treatment services, which are also regarded as entry points for

TB care. Thirteen of these PHCs were included in the main study based on them meeting the

criterion of recording at least ten sputum smear-positive pulmonary TB (PTB) between Janu-

ary and June 2015.

Overall, 346 index cases of sputum smear-positive PTB were diagnosed and treated for the

main project. Of these, 136 (39%) had at least one child contact who was younger than 15

years old at the time of the study. The 136 index cases had 270 child contacts. From the 136

index cases, 105 (77%) met the inclusion criteria of index cases and had 216 child contacts

who met the inclusion criteria for the main project.

Of the 105 index cases, only those whose child contacts started IPT were recruited for the

present prospective study that was conducted between August 2015 and August 2016. Eligible

child contacts for the current study were younger than 5 years old, who started IPT according

to the WHO recommendations [22]. They also shared the same households with the selected

index cases in the three months before diagnosis of the latter. Only children who had their

parental or primary caregivers’ written consent were enrolled in the present study. Child con-

tacts born after the index cases were diagnosed and had initiated TB treatment, child contacts

on TB treatment, and those who were not living in the same households as the index cases

before diagnosis were excluded from this study.

This study presents specific data elements that were derived from the main project. Those

elements can influence IPT adherence which is under study in the current research. They

include the characteristics of index cases, child contacts, households, health facility, TB screen-

ing results together with physical and chest X-ray (CXR) results [21].

Study design

In this study, we used a mixed research method design to prospectively assess IPT adherence

and outcomes among child contacts through a quantitative, observational cohort study. Fur-

thermore, we explored barriers to and facilitators of adherence to IPT through a descriptive

qualitative study [23].

Data collection for the quantitative component

In August 2015, each TB focal person based at the selected PHC used a specific form, provided

by researchers, to record each time the child came to collect a month’s supply of IPT. A TB

focal person, usually an experienced nurse working at the PHC, is responsible for coordinating

and managing all activities such as providing TB treatment or IPT, contact screening, report-

ing, follow-up and supervision of TB patients and contacts.

Before data collection, TB focal persons from the selected PHC were trained on data collec-

tion procedures for two days. The training aimed at equipping them with skills to provide fol-

low-up care (for example, monthly screening and transfer to the next level when a child has

symptoms suggestive of TB) of children on IPT [S1 Appendix].

The researchers requested the parents/caregivers of child contacts who had been initiated

on IPT to visit the PHC for clinical evaluation and receive the next month’s supply of IPT each

month until the end of the treatment. In this study, researchers measured “adherence” through

a monthly collection of isoniazid [16]. “Complete adherence” refers to the collection of six of

the child’s monthly prescriptions, whereas “incomplete adherence" means that the child had

received/collected less than six of his/her monthly prescriptions. IPT failure in this study is
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defined as a proportion of child contacts on IPT who developed TB during the monitoring

period. To achieve this, the researchers monitored all eligible child contacts for symptoms sug-

gestive of TB such as persistent one-week fever (>1 week), cough (>2 weeks), weight loss,

night sweats for 12 months following the initial evaluation.

During the six months of monitoring, while receiving IPT, the TB focal person screened the

child contacts for TB at each visit for the presence of symptoms suggestive of TB, using the

IPT form [S1 Appendix]. For the second six months’ follow-up (post-IPT), the TB focal person

evaluated the child contacts at 3 months and 6 months after finishing IPT. The researchers

provided transport fees to all parents/caregivers who brought child contacts for screening dur-

ing those two visits, which were not part of the routine clinical follow-up and monitoring. The

post-IPT (at six months) visits were done to evaluate the impact of the IPT.

During the follow-up, the TB focal person referred any child contact showing symptoms

suggestive of TB to the district hospital for further TB evaluation including smear microscopy,

Xpert MTB/RIF assay and solid culture using sputum collected through gastric lavage. If a

child contact was diagnosed TB positive, he/she was treated according to the national

guidelines.

Data collection for the qualitative component

The researchers carried out in-depth interviews with 23 parents/caregivers of child contacts

and ten health-care providers working in the TB service. Three focus group discussions

(FGDs) were held with 24 CHWs who provided TB support in the community.

The researchers used purposive sampling to select parents/caregivers from the different

catchment areas around the participating PHC to represent child contacts with complete

adherence. They also used purposive sampling to select TB focal persons to represent different

districts and types of PHCs (faith-based and public PHCs). The study included all available

parents/caregivers with incomplete adherence.

Telephone numbers of parents/caregivers of child contacts available from the previous

study database [21] and those of CHWs provided by TB focal persons, were used to inform

and invite participants about their selection in this study. If in agreement, they were requested

to go to the nearest PHC at a time and date indicated by the researchers.

Fieldworkers conducted interviews with parents/caregivers whose children had complete

adherence and the health facilities staff until the data saturation was achieved (i.e. until no new

data emerged). However, existing themes could accommodate new findings [24]. Each FGD

involved eight CHWs who were purposefully selected to represent the different districts and

PHCs in line with Krueger methodology [25].

Three fieldworkers (female senior nurses) experienced in qualitative methodology were

recruited to conduct interviews in the local language using interview guides designed for this

specific study. Two days of debriefing sessions were held with the qualitative fieldworkers

before the fieldwork started. In the debriefing sessions, the principal investigator discussed

each question with them explaining the nature of the response that each one was meant to

elicit. Discussions on how to probe for further explanations were also held.

Different interview guides were used for parents/caregivers and health-care providers (TB

focal persons and CHWs). Parents/caregivers whose child contacts had incomplete adherence

were interviewed to explore possible barriers related to IPT access. The questions were framed

to avoid apportioning blame for non-collection of IPT for their children as recommended by

the Ethics Review Board of the University of Rwanda, College of Medicine and Health Sciences.

Interview guides were pretested, and no further modification was needed. The pre-test was

done using four parents/caregivers as participants (two whose child contacts had IPT complete
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adherence and two others whose child contacts had incomplete IPT adherence) and one TB

focal person from a non-selected PHC based in Kigali. Parents/caregivers involved in the pre-

test were identified by the TB focal person where the pre-test was done.

Participants signed a written informed consent form after reading it and after the research-

ers had read an introduction explaining the purpose and benefit of the study. The interview

with health facility staff took place at their workplace (in the absence of their superior or any

other staff), and the one with parents/caregivers took place at the PHC nearby their homes.

These interviews lasted between 45 minutes to one hour. None of the participants declined to

participate in the interview.

Depending on the participants (parents/caregivers, TB focal persons or CHWs) answering

the questions, the researchers investigated their experiences about providing or receiving IPT.

They also investigated barriers to and facilitators of IPT adherence, and expectations and sug-

gestions. Two experienced qualitative researchers conducted the FGD in the local language at

the PHC proposed by the selected CHWs. These fieldworkers used a discussion guide during

the FGD; which lasted between 1½ to 2 hours.

After obtaining their agreement, the fieldworkers, under the supervision of the principal

investigator, audio-recorded all interviews and FGD. For quality control, at the end of each

interview session, the fieldworkers summarised the salient points of the interviews with confir-

mation or adjustments from the participants when necessary. Hereafter, the fieldworkers fully

transcribed interviews and FGDs in Kinyarwanda. Afterwards, the principal investigator

checked the transcriptions and carried out necessary alterations before analysis. The tran-

scripts were then translated into English by a qualified translator. The English transcripts were

verified by a bilingual member of the research team to ensure that these were clear, and partici-

pants’ views adequately reported.

Data analysis and management of the quantitative component

The researchers double-entered the quantitative data into a Microsoft Excel worksheet and

exported these to STATA13 Software [26] for statistical analysis after checking their consis-

tency. Continuous variables, such as the age of the child contacts or monthly household

income, were categorised following epidemiological or economic constructs. Age of child con-

tacts was dichotomised into two values (�2 years and>2 years) as the literature suggests that

infants who are�2 years old are more likely than those>2 years old to acquire TB [2,4]. The

variable monthly household income was categorised in two values (Incomes�50.000 and

50.000 Rwandan Franc) following the poverty headcount ratio of Rwanda in 2018, which is

$1.90 a day [27], equivalent to 50, 000 Rwandan Francs.

Researchers then analysed the data using descriptive and multivariate statistics, described

categorical variables using frequency tables and proportionate methods. The researchers fur-

ther performed the univariate and multivariate logistic regressions to determine characteristics

associated with IPT adherence. Where appropriate, the researchers performed the Chi-square

test or Fisher’s exact test to assess the association between two variables and included those

variables with a p-value <0.2 in univariate analysis in the logistic regression model using back-

wards stepwise method.

The final model included the following variables: sex of the child, child contact’ s HIV sta-

tus, sleeping in the same room as index case, the index case’s sex and HIV status, the income

of the household, if the head of the household had knowledge of IPT protection and attitude of

health providers towards patients. This further included calculating the odds ratios (OR) and

adjusted OR along with its 95% confidence interval using STATA13 software [26]. In this case,

the researchers declared the associations as significant if the p-value was<0.05.

Isoniazid preventive therapy adherence and child contacts
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Data analysis and management of the qualitative component

Two researchers analysed the qualitative data using thematic analysis as described by Braun

et al. [28]. They repeatedly read the transcripts for full immersion and carried out an inductive

thematic analysis using Atlas.ti-7 software [29]. Two researchers coded portions of the tran-

scripts together. Discrepancies were discussed and resolved by consensus. Then they grouped

codes into sub-themes and organised them under themes.

Ethical approval

The Biomedical Research Ethics Committee of the University of the Western Cape and the

Ethics Review Board of the University of Rwanda, College of Medicine and Health Sciences

approved the study protocol. Permission was obtained from Rwanda NTP to collect data from

the eligible PHC. The researchers assured the participants’ anonymity and confidentiality: for

the focus group discussions. Numbers were allocated to each participant at the start of the dis-

cussions, and they were asked to refer to one another according to these. Regarding the in-

depth interviews, during transcription, pseudonyms were used to ensure the identity of the

participants remains anonymous. All records were stored in a password-protected folder in

the computer, and the hard copies of the data (printed transcripts) were locked at the School

of Public Health of the University of Rwanda, College of Medicine and Health Sciences

(SPH-CMHS-UR in a cupboard accessible only to the principal investigator who is the

employee of the university of Rwanda.

Results

Quantitative results

Among 270 below 15 year-old child contacts recruited from 136 eligible sputum smear-posi-

tive PTB index cases (n = 346) diagnosed and treated at 13 PHCs in Kigali, 94 (35%) child con-

tacts from 72 index cases were below five years old and eligible for IPT. To evaluate adherence

in this study, 84 (89%) who started the IPT were enrolled from 61 index cases. As shown in Fig

1, 74 (88%) completed six months of IPT, with only ten (12%) who did not complete the treat-

ment. Fig 2 shows the number of months for which child contacts who were initiated into IPT

failed to complete the 6 months treatment.

The characteristics of child contacts who started IPT are shown in Table 1. There was no

statistically significant difference in the characteristics of children who completed six months

of IPT compared to those who did not.

In Table 2, the characteristics of child contacts, index cases, households and health facilities

are listed. None of the characteristics we evaluated was significantly associated with incomplete

adherence to IPT in the bivariate and multivariate analysis.

Only one (1.2%) of the 84 child contacts who started IPT developed TB six months after

completing the full 6-month IPT, i.e. at 12 months following initial screening and uptake. He

was a 3-year-old male, HIV uninfected, who had a clinical diagnosis of TB based on history,

physical examination, and CXR. He had TB-related symptoms at the time of initial screening,

but further clinical evaluation and CXR were negative for a diagnosis of TB. He remained

asymptomatic while on IPT.

Qualitative findings

Interviews were conducted with ten TB focal persons from selected PHCs and 15 parents/care-

givers whose children had complete adherence, and eight whose children had incomplete

adherence. The characteristics of parents/caregivers are presented in Table 3.

Isoniazid preventive therapy adherence and child contacts
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The FGDs were attended by 24 CHWs, which included eight participants from each

district.

The barriers to and facilitators of the IPT adherence, with themes and sub-themes, are pre-

sented in Fig 3. The figure has four boxes and each box represents a theme. Also, each bullet in

a box represents a sub-theme which can be a facilitator or barrier to IPT adherence.

The reported facilitators of IPT adherence included themes around parents/caregivers, dis-

ease, and health-care provider-related factors which are described in detail below.

Fig 1. Flow diagram of child contacts from recruitment to IPT completion.

https://doi.org/10.1371/journal.pone.0211934.g001

Fig 2. Distribution of number of months IPT prescription was collected.

https://doi.org/10.1371/journal.pone.0211934.g002
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Parent-/caregiver-related factors. Parents/caregivers’ knowledge about the benefit of IPT

and beliefs about the threat of TB disease were reported as a facilitator of IPT adherence.

I knew that this medicine protects my child from getting TB. I know that TB is a bad disease,

so I put that programme (to give him IPT) among my obligations. (Mother, 29 years, com-

plete adherence)

Disease-related factors. Overall parents/caregivers whose children had complete adher-

ence mentioned their own TB disease experience or experience taking care of a relative with

TB as the core factor motivating them to provide IPT to their children as recommended by

health-care providers.

Table 1. Characteristics of child contacts who started isoniazid preventive therapy by adherence group (N = 84).

Characteristics Total (%) Complete

Adherence (n = 74)

Incomplete

Adherence (n = 10)

P-value

Age group� 2 Years 37/84 (44) 32/74 (43) 5/10 (50) 0.69

Sex

Female

37/84 (44) 30/74(41) 7/10 (70) 0.07

BCG scar present Yes 80/84(95) 70/74(95) 10/10(100) 0.59

Tested for HIV Yes 39/84 (46) 32/74 (43) 7/10 (70) 0.17

HIV test Result Positive 2/39 (5) 1/32 (3) 1/7 (14) 0.10

Relationship to Index case 0.10

Child 65/84 (77) 55/74 (74) 10/10 (100)

Others 19/84(23) 19/74 (26) 0

Had symptoms suggestive of TB during the initial screening 19/84 (23) 17/74 (23) 2/10 (20) 0.83

Share the same bedroom with index cases Yes 42/84 (50) 36/74 (49) 6/10 (60) 0.73

BCG = bacille calmette guerin; IPT = isoniazid preventive therapy, TB = tuberculosis; HIV = human immunodeficiency virus.

https://doi.org/10.1371/journal.pone.0211934.t001

Table 2. Risk factors for non-adherence to isoniazid preventive therapy.

Factors TOTAL (%) OR (95%; CI)

Child contacts (n = 84)

Female 37 (44) 3.4 (0.14–3.7)

HIV positive 2/39 (5) 5.1 (0.28–94)

Not sleeping in the same room as the index case 35 (42) 0.3 (0.06–1.5)

Index cases (n = 61)

Female 28 (46) 3.4 (0.81–14.3)

HIV-positive 13/51 (25) 0.3 (0.05–1.36)

Household factors (n = 61)

Income >50.000 Rwandan Franc 23 (38) 0.3 (0.08–1.95)

No knowledge of IPT protectiona 38 (62) 5.5 (0.65–45)

Heath facility factors (n = 61)

Provider not friendly 1/61 (1.6) 8.1 (0.46–141)

IPT = isoniazid preventive therapy; HIV = human immunodeficiency virus; CI = confidence interval; OR = odds

ratio
a Not knowledgeable about the administration of INH for six months to protect child contacts against TB.

https://doi.org/10.1371/journal.pone.0211934.t002
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I'm telling you, from my experience when you have experienced TB disease, you cannot really
wish to see your child contaminated and feel what you have experienced, and hence that fear
helps you to give the medicine as prescribed by the doctor to protect the child from contamina-
tion. (Mother, 33 years, complete adherence)

I saw how seriously sick my mother-in-law was when she was struggling with the TB, which
had evolved into multi-drug resistant TB; and I was the one who took care of her. Recalling
that situation pushed me to act quickly and get medicine for my children. I always made sure
they took it as prescribed. (Mother, 40 years, complete adherence)

Health-care providers’ factors. Most of the participants reported on the positive support

by health-care providers and CHWs as facilitators of IPT adherence. They commended

health-care providers for the way they taught, provided them with information and education

on the IPT adherence and for their successful follow up.

It is the nurses in charge of the follow-up of the TB patients who often go on the fields, and we
(CHWs) make them visit people to whom we give IPT and TB treatment. They also inquire
about their [TB patients, child contacts] health status, ask them questions about how they
take their treatment or give children treatment. This [follow up] could have increased the
number of child contacts who finished IPT. (CHW6, Nyarugenge district)

It's CHWs who help those (child contacts) to take their medicine and also us (TB focal person).
We supervise CHWs many times because if we gave them medicine, they (CHWs) are supposed
to make sure that children take it well and on time. When we visit them (CHWs), we check if
they gave the medicine to children as we prescribed. (TB focal points 1, Public PHC)

Table 3. Demographic characteristics of parents/caregivers.

Characteristics Complete adherence (n = 15) Incomplete adherence (n = 10)

Age in years, median (IQR) 36 (22–63) 33 (28–43)

Relationship to child

Mother 11 7

Father 2 0

Grandmother 2 1

Education level

Never attended school 5 0

Primary school 5 6

Secondary school 4 2

Socio-economic status

Low 8 6

Middle 7 2

District of residence

Nyarugenge 5 1

Kicukiro 2 2

Gasabo 8 5

Relation to Index case

Herself 6 2

Wife 6 6

Others 3 0

IQR = interquartile range

https://doi.org/10.1371/journal.pone.0211934.t003
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Through sensitisation programmes conducted by nurses, we are well informed that immunisa-
tion protects our children from contracting a disease. (Mother, 31 years, complete adherence)

We also explored the barriers to IPT adherence. The reported barriers included themes

around caregivers, household and healthcare factors which are described in detail below.

Factors related to parents/caregivers. Parents/caregivers whose child contacts had com-

plete adherence and some health-care providers reported that the death of a parent/caregiver

led to the child being placed in another family, whose members did not share the importance

of continuing the adherence to IPT or were living too far from the PHC.

. . .sometimes a mother who was following her child’s treatment well can die before the treat-
ment is complete, and those who take care of the child may neglect to continue the child's
treatment. (Health-care provider, 35 years, public PHC)

There are children who can have the tragedy of losing their parents when on IPT. For example,

in my village, there was a woman whom I was giving TB treatment, and she had a child who
was on IPT. That woman died, and we buried her in her province. This means the child was
taken by his mother’s relatives and we did not know who took him to allow us to continue
with the follow-up. Such kind of child contacts is included among those who did not finish the
IPT. (CHW4, Nyarugenge district)

Parents/caregivers’ belief that medications taken without food are harmful was reported as

a barrier to IPT adherence by some CHWs who supplied IPT at the community level. Parents/

caregivers believe that a hungry child could not be given medicine because it is difficult and

harmful.

It is quite a challenge when you come to give a child his/her medicine you are told by a par-
ent/caregiver: please stop . . . stop! The child has not eaten anything since the previous day

Fig 3. A framework mapping factors influencing isoniazid preventive therapy adherence in Kigali, Rwanda.

https://doi.org/10.1371/journal.pone.0211934.g003
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and looks concerned. The child has gone hungry and yet has to take medicines and, as you
know, it is not easy to swallow pills/tablets even for an adult and it is more difficult for a child
and also harmful to take medicine on empty stomach! (CHW4, Nyarugenge district)

Household-related factors. Many of the parents/caregivers whose child contacts had

incomplete adherence reported poverty and relocation as the foremost barriers to IPT adher-

ence. Parents/caregivers reported that poverty led to a lack of food, therefore by necessity, they

gave priority to getting a job and being able to provide food for their children rather than

going to the PHC to collect medication.

Sometimes you ask yourself where the meal for the child will come from if I take the child to
the PHC. Because of this, you may decide to look for a job today and plan to take the child to
the PHC tomorrow. But still, you may also fail to get the job that day, and that will compel
you to try again the following day. Finally, you will not find any time and stop the treatment
altogether. (Mother, 34 years, incomplete adherence)

The relocation, either of a child contact or the household, was reported as a barrier to IPT

adherence. Some participants reported that parents/caregivers are often compelled to place

their children with relatives.

It may happen that you start taking medicine; before its completion, you move to another
place and find yourself in a situation where you are not able to pay for transport to go to the
place where you used to get the medicine from. That is what happened to me! (Mother, 30

years, incomplete adherence)

For example, a mother may start giving her child the medicine, but only halfway to completing
the treatment, she may come and tell you that she does no longer live with the child, that she
has sent him/her to his/her grandmother’s. In that case, you understand that the child stops
taking the medicine. (Health-care provider, 30 years, Public PHC)

Health-care providers’ factors. The lack of compliance with the treatment guideline by

health-care providers was reported as a barrier to complete adherence by a parent/caregiver

whose child had incomplete adherence.

This is something that I myself experienced. My child didn’t complete the six months of treat-
ment, because when I finished my dose, I was told to stop his treatment too, although he
started it one month later than I did. You do understand that the decision to stop the medicine
was not mine; it was rather the decision of the nurses, who convinced me that my child was no
longer running any risk since they followed me up to my full recovery. (Mother, 28 years,

incomplete adherence)

Discussion

The rate of complete IPT adherence of 88% in this study is higher than the range of adherence

rates 26%-76% reported elsewhere [14,16–18,30–32]. To be more precise it is comparable to

the 86% and 94.5% rates reported for Benin [33] and the Gambia [34], respectively. IPT adher-

ence is often poor, and a recent systematic review did not identify a particular intervention to

improve implementation [35]. However, the successful delivery of IPT may be setting-specific
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relying on system factors that may be completely different from other similar studies but in

different settings such as urban Indonesia [18]. In Rwanda, the government’s commitment

through NTP to implement local interventions, especially those targeting to improve IPT

adherence, such as performance-based financing, free TB services and treatment, increasing

the number of PHCs, and involving CHWs in the management of child contacts. The findings

from the qualitative study support this assumption. Factors such as financial challenges regard-

ing medication collection including the cost of medication and transport, and long waiting

times that were reported as barriers to IPT adherence in other countries where such interven-

tions are not implemented [16–18], were not reported by participants in this study.

Parents/caregivers’ own experience concerning TB disease or their experience of taking

care of a relative with TB has been identified as one of the main factors facilitating IPT adher-

ence. The fear to see their offspring suffering from TB, a disabling and killer disease, has been

a primary factor motivating them to make sure that their children had complete IPT adher-

ence. This is consistent with a study conducted in Indonesia [17] where the experience of hav-

ing a family member with TB was found to be a factor in facilitating IPT adherence.

The effective sensitisation programme, service delivery (for example, friendly health provid-

ers, supportive and providing all the needed information, especially information on the bene-

fits of IPT or length of treatment) and follow-up procedures have been identified as facilitators

of IPT adherence in this study. This finding reinforces the quantitative result that revealed that

only one parent/caregiver experienced the health-care providers to be unfriendly. Further-

more, only one parent/caregiver whose child had incomplete adherence reported a lack of

compliance with the treatment guidelines by health-care providers as a barrier to IPT adher-

ence. Also, none of parents/caregivers whose child contacts did not have complete adherence

reported the unawareness of the benefits or length of treatment as barrier to IPT adherence in

our study. The results of this study are corroborated by other studies, which indicated that pro-

vision of follow-up and service delivery were facilitators of preventive and TB treatment

[36,37]. Poor follow-up and service delivery such as poor interpersonal communication

between patients/caregivers and health care providers, lack of attention and support at the

health facilities, difficulty for patients continue with his/her treatment if s/he missed treatment,

were also found to be barriers to preventive and TB treatment adherence [38–40]. For exam-

ple, studies found that when a patient missed treatment for a period and for any reason want

to re-joint the TB service, s/he is jugged, insulted and sometimes requested to provide a guar-

antor from the community who could vouch for his/her ability and willingness to complete

their course of treatment [38,41]. Therefore, to avoid those bad experiences, patients prefer to

no re-join TB service. Parents/caregivers’ knowledge on the benefit of IPT and beliefs that TB

is a severe and killer disease were reported as facilitators of IPT adherence. This is consistent

with other studies that found that IPT completion was related to parents/caregivers’ belief

about the severity of TB disease and knowledge about the benefit of IPT [16,17,42]. However,

most parents/caregivers with incomplete IPT adherence in this study were knowledgeable

about its benefits. The incomplete adherence observed among their child contacts could be

explained by the underlying reasons for incomplete adherence. In a systematic review[36], rea-

sons such as poverty and relocation were identified as structural factors. The latter overrides

the willingness of parents/caregivers to complete IPT, despite their knowledge of the impor-

tance of adherence. Structural factors are those present in the society that influence treatment-

taking behaviour, but on which the patient has little personal control.

Relocation has been identified as a barrier to IPT adherence in this study. Similar results

were displayed by other studies [37,39]. Some parents/caregivers are often compelled to place

their children in the care of their relatives who are wealthier than what they are. Additionally,

TB patients are often displaced from their area of residence because they are either unable to
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pay the rents where they are staying or asked to move because they can potentially infect their

neighbours. Appropriate counselling for parents/caregivers to inform health-care providers

when they need to relocate and the establishment of a formal system at the health facility is

needed. The communication is needed between the referral and recipient health-care provid-

ers of the child contacts to ensure they reach their destination and pursue the IPT.

In this study, poverty has been identified as a barrier to IPT. Poverty correlates with a lack

of food, in fact, parents/caregivers believe that medication taken without food is harmful. Simi-

lar results have been found in other studies [43,44]. Health-care providers have to identify

child contacts of poor parents/caregivers and provider them with nutritional support. Addi-

tionally, we recommend the NTP to conduct a quantitative study at the national level to access

the impact of poverty on IPT adherence. Although the long duration of treatment has not

been reported as a barrier to IPT, NTP has to consider the availability of shorter regimens

equally effective to IPT and safer known to be associated with better adherence [10].

Incomplete adherence to IPT in this study was not associated with any individual character-

istics of index cases, households or health facility characteristics as in other studies [16,17].

However, the small sample size is a limitation of this study that may have limited the ability of

researchers to detect differences in the IPT uptake, with the low numbers of incomplete adher-

ence for comparison. Nevertheless, the addition of qualitative methodology strengthened the

findings by soliciting for more information, which provided an overview of barriers and facili-

tating factors of IPT adherence according to the views of all participants involved in IPT

adherence.

Another limitation is that the data were collected by nurses. That might have compromised

the qualitative data in the sense that participants might have preferred to say what the nurses

wanted to hear. However, the use of nurses not involved in the treatment of child contacts or

index cases, climate of trust and confidence that researchers created before starting each inter-

view might have reduced such probability. Still, another limitation is that the research was con-

ducted in Kigali and findings might not be generalised to elsewhere in Rwanda, especially to

remote rural areas where barriers and facilitating factors to IPT adherence may be different.

Finally, the measures used to assess the IPT adherence in this study were less objective than

the measures used in other studies [34,42]. These measures include pill counts or detection of

INH metabolites in the urine among other things. We assumed that when a parent/caregiver

attended the PHC to collect INH for his/her child, he/she also administered the medication to

the child.

Conclusions

There was a high rate of completion of IPT in this cohort of eligible child contacts living in

Kigali. The success is likely attributed in part to the government’s commitment through NTP

to implement local interventions, especially those targeting to improve IPT adherence such as

performance-based financing, free TB services and treatment, increasing numbers of PHCs

and involving CHWs in the management of child contacts.

However, structural factors (poverty and relocation) were found to be the main barriers to

IPT adherence. These structural factors have to be used by health-care providers to identify

parents/caregivers whose child contacts are at risk of incomplete adherence, therefore, provide

specific follow up adapted to their need.
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Ms Jean Fourie for editing the manuscript.

Author Contributions

Conceptualization: Francine Mwayuma Birungi, Stephen Michael Graham, Brian van Wyk.

Data curation: Francine Mwayuma Birungi.

Formal analysis: Francine Mwayuma Birungi, Stephen Michael Graham, Angèle Musabi-

mana, Brian van Wyk.

Funding acquisition: Francine Mwayuma Birungi.

Investigation: Francine Mwayuma Birungi.

Methodology: Francine Mwayuma Birungi, Stephen Michael Graham, Jeannine Uwimana,

Angèle Musabimana, Brian van Wyk.

Project administration: Francine Mwayuma Birungi.

Resources: Francine Mwayuma Birungi.

Software: Francine Mwayuma Birungi, Angèle Musabimana.

Supervision: Francine Mwayuma Birungi, Stephen Michael Graham, Jeannine Uwimana,

Brian van Wyk.

Validation: Francine Mwayuma Birungi, Stephen Michael Graham, Jeannine Uwimana,

Angèle Musabimana, Brian van Wyk.

Visualization: Francine Mwayuma Birungi, Stephen Michael Graham, Jeannine Uwimana,

Angèle Musabimana, Brian van Wyk.

Writing – original draft: Francine Mwayuma Birungi, Stephen Michael Graham, Jeannine

Uwimana, Angèle Musabimana, Brian van Wyk.

Writing – review & editing: Francine Mwayuma Birungi, Stephen Michael Graham, Jeannine

Uwimana, Angèle Musabimana, Brian van Wyk.

References
1. Fox GJ, Barry SE, Britton WJ, Marks GB. Contact investigation for tuberculosis: A systematic review

and meta-analysis. Eur Respir J. 2013; 41(1):140–56. https://doi.org/10.1183/09031936.00070812

PMID: 22936710

2. Singh M, Mynak ML, Kumar L, Mathew JL, Jindal SK. Prevalence and risk factors for transmission of

infection among children in household contact with adults having pulmonary tuberculosis. Arch Dis

Child. 2005; 90(6):624–8. https://doi.org/10.1136/adc.2003.044255 PMID: 15908630

Isoniazid preventive therapy adherence and child contacts

PLOS ONE | https://doi.org/10.1371/journal.pone.0211934 February 11, 2019 14 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0211934.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0211934.s003
https://doi.org/10.1183/09031936.00070812
http://www.ncbi.nlm.nih.gov/pubmed/22936710
https://doi.org/10.1136/adc.2003.044255
http://www.ncbi.nlm.nih.gov/pubmed/15908630
https://doi.org/10.1371/journal.pone.0211934


3. Lienhardt C, Sillah J, Fielding K, Donkor S, Warndorff D, Bennett S, et al. Risk Factors for Tuberculosis

Infection in Children in Contact With Infectious Tuberculosis Cases in The Gambia, West Africa. Pediat-

rics. 2003; 11(5):e608–14.

4. Marais BJ, Gie RP, Schaaf HS, Hesseling AC, Enarson DA, Beyers N. The spectrum of disease in chil-

dren treated for tuberculosis in a highly endemic area. Int J Tuberc Lung Dis. 2006; 10(7):732–8. PMID:

16848333

5. Chiang SS, Khan FA, Milstein MB, Tolman AW, Benedetti A, Starke JR, et al. Treatment outcomes of

childhood tuberculous meningitis: A systematic review and meta-analysis. Lancet Infect Dis. 2014; 14

(10):947–57. https://doi.org/10.1016/S1473-3099(14)70852-7 PMID: 25108337

6. Dodd PJ, Yuen CM, Sismanidis C, Seddon JA, Jenkins HE. The global burden of tuberculosis mortality

in children: a mathematical modelling study. Lancet Glob Heal. 2017; 5(9):e898–906.

7. WHO. Recommendations for investigating contacts of persons with infectious tuberculosis in low- and

middle-income countries. Geneva, World Heal Organ. 2012;WHO/HTM/TB. Available from: http://

apps.who.int/iris/bitstream/handle/10665/77741/9789241504492_eng.pdf.

8. WHO. Guidance for National Tuberculosis Programmes on the Management of Tuberculosis in Chil-

dren. Geneva, World Heal Organ. 2014;Second edi. Available from: http://apps.who.int/medicinedocs/

documents/s21535en/s21535en.pdf

9. WHO. The End TB Strategy: Global strategy and targets for tuberculosis prevention, care and control

after 2015. World Heal Organ. 2015. Available from: http://www.who.int/tb/strategy/End_TB_Strategy.

pdf.

10. WHO. Latent Tuberculosis Infection: updated and consolidated guidelines for programmatic manage-

ment. World Health Organization. 2018. 1–78 p. Available from: http://apps.who.int/iris/bitstream/

handle/10665/260233/9789241550239-eng.pdf?sequence=1

11. Ayieko J, Abuogi L, Simchowitz B, Bukusi EA, Smith AH, Reingold A. Efficacy of isoniazid prophylactic

therapy in prevention of tuberculosis in children: a meta–analysis. BMC Infect Dis 2014; 14(1):91.

12. Smieja M, Marchetti C, Cook D, Fm S. Isoniazid for preventing tuberculosis in non-HIV infected persons

(Review). Cochrane Database Syst Rev. 2000;(1):Art. No.: CD001363.

13. Wyk SS Van Reid AJ, Mandalakas AM Enarson DA, Beyers N, Morrison J. Operational challenges in

managing Isoniazid Preventive Therapy in child contacts: A high- burden setting perspective. BMC Pub-

lic Health. 2011; 11(544):4–9.

14. Garie KT, Yassin M A, Cuevas LE. Lack of adherence to isoniazid chemoprophylaxis in children in con-

tact with adults with tuberculosis in Southern Ethiopia. PLoS One. 2011; 6(11):e26452. https://doi.org/

10.1371/journal.pone.0026452 PMID: 22069451

15. Black F, Amien F, Shea J. An assessment of the isoniazid preventive therapy programme for children in

a busy primary healthcare clinic in Nelson Mandela Bay Health District, Eastern Cape Province, South

Africa. South African Med J. 2018; 108(3):217.

16. Rutherford ME, Ruslami R, Maharani W, Yulita I, Lovell S, Crevel R Van, et al. Adherence to isoniazid

preventive therapy in Indonesian children: A quantitative and qualitative investigation. BMC Res Notes.

2012; 5(7):1–7.

17. Triasih R, Padmawati RS, Duke T, Robertson C, Sawyer SM, Graham SM. A mixed-methods evaluation

of adherence to preventive treatment among child tuberculosis contacts in Indonesia. Int J Tuberc Lung

Dis. 2016; 20:1078–83. https://doi.org/10.5588/ijtld.15.0952 PMID: 27393543

18. Machado A.J, Finkmoore B, Emodi K, Takenami I, Barbosa T, Tavares M, et al. Risk factors for failure

to complete a course of latent tuberculosis infection treatment in Salvador, Brazil. Int J Tuberc Lung Dis.

2009; 13(6):719–25. PMID: 19460247

19. Ministry of Health Rwanda. Success Factors for Women ‘ s and Children ‘ s Health Rwanda. 2014.

Available from: http://www.who.int/pmnch/knowledge/publications/rwanda_country_report.pdf

20. Rwanda Biomedical Center. Tuberculosis National Strategic Plan (TB NSP) July 2013- June 2018.

2014. Available from: http://www.rbc.gov.rw/fileadmin/user_upload/national_strategic_plan_tb_2013-

2018.pdf

21. Birungi MF, Van Wyk B, Uwimana J, Ntaganira J, Graham MS. Xpert MTB/RIF assay did not improve

diagnosis of pulmonary tuberculosis among child contacts in Rwanda. Panafrican Med J. 2018;

2018:30–9.

22. WHO. Guidance for national tuberculosis programmes on the management of tuberculosis in children.

World Heal Organ Heal Organ. 2006;WHO/HTM/TB. Available from: http://apps.who.int/iris/bitstream/

handle/10665/69389/WHO_HTM_TB_2006.371_eng.pdf;jsessionid=

0F7E81A5BD486A3A5D021F99EF1E3033?sequence=1

23. Lambert VA, Lambert CE. Qualitative Descriptive Research: An Acceptable Design. Pacific Rim Int J

Nurs Res. 2013; 16(4):255–256.

Isoniazid preventive therapy adherence and child contacts

PLOS ONE | https://doi.org/10.1371/journal.pone.0211934 February 11, 2019 15 / 16

http://www.ncbi.nlm.nih.gov/pubmed/16848333
https://doi.org/10.1016/S1473-3099(14)70852-7
http://www.ncbi.nlm.nih.gov/pubmed/25108337
http://apps.who.int/iris/bitstream/handle/10665/77741/9789241504492_eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/77741/9789241504492_eng.pdf
http://apps.who.int/medicinedocs/documents/s21535en/s21535en.pdf
http://apps.who.int/medicinedocs/documents/s21535en/s21535en.pdf
http://www.who.int/tb/strategy/End_TB_Strategy.pdf
http://www.who.int/tb/strategy/End_TB_Strategy.pdf
http://apps.who.int/iris/bitstream/handle/10665/260233/9789241550239-eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/260233/9789241550239-eng.pdf?sequence=1
https://doi.org/10.1371/journal.pone.0026452
https://doi.org/10.1371/journal.pone.0026452
http://www.ncbi.nlm.nih.gov/pubmed/22069451
https://doi.org/10.5588/ijtld.15.0952
http://www.ncbi.nlm.nih.gov/pubmed/27393543
http://www.ncbi.nlm.nih.gov/pubmed/19460247
http://www.who.int/pmnch/knowledge/publications/rwanda_country_report.pdf
http://www.rbc.gov.rw/fileadmin/user_upload/national_strategic_plan_tb_2013-2018.pdf
http://www.rbc.gov.rw/fileadmin/user_upload/national_strategic_plan_tb_2013-2018.pdf
http://apps.who.int/iris/bitstream/handle/10665/69389/WHO_HTM_TB_2006.371_eng.pdf;jsessionid=0F7E81A5BD486A3A5D021F99EF1E3033?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/69389/WHO_HTM_TB_2006.371_eng.pdf;jsessionid=0F7E81A5BD486A3A5D021F99EF1E3033?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/69389/WHO_HTM_TB_2006.371_eng.pdf;jsessionid=0F7E81A5BD486A3A5D021F99EF1E3033?sequence=1
https://doi.org/10.1371/journal.pone.0211934


24. Saunders B, Sim J, Kingstone T, Baker S, Waterfield J, Bartlam B, et al. Saturation in qualitative

research: exploring its conceptualization and operationalization. Qual Quant. 2018; 52(4):1893–907.

https://doi.org/10.1007/s11135-017-0574-8 PMID: 29937585

25. Krueger AR. Designing and conducting focus group interviews. 2002; 36:4–23. Available from: https://

www.eiu.edu/ihec/Krueger-FocusGroupInterviews.pdf

26. StataCorp LP. Statauser’s guide release 13. Available from: www.stata.com/manuals13/u.pdf/

Accessed on 9/11/2016. 2013.

27. World Bank Group. Poverty headcount ratio at national poverty lines (% of population). 2018; Available

from: https://data.worldbank.org/indicator/SI.POV.DDAY?locations=RW

28. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006; 3(2):77–101.

29. Friese S. ATLAS. ti 7 User Guide and Reference. 2013;1–469.

30. Jaganath D, Zalwango S, Okware B, Nsereko M, Kisingo H, Malone L, et al. Contact investigation for

active tuberculosis among child contacts in Uganda. Clin Infect Dis. 2013; 57(12):1685–92. https://doi.

org/10.1093/cid/cit645 PMID: 24077055

31. Gomes VF, Wejse C, Oliveira I, Andersen A, Vieira FJ, Carlos LJ, et al. Adherence to isoniazid preven-

tive therapy in children exposed to tuberculosis: a prospective study from Guinea-Bissau. Int J Tuberc

Lung Dis. 2011; 15(12):1637–43. https://doi.org/10.5588/ijtld.10.0558 PMID: 22118171

32. Marais BJ, van Zyl S, Schaaf HS, van Aardt M, Gie RP, Beyers N. Adherence to isoniazid preventive

chemotherapy: a prospective community based study. Arch Dis Child;91762–765. 2006; 91:762–5.

33. Adjobimey M, Masserey E, Adjonou C, Gbénagnon G, Schwoebel V, Anagonou S, et al. Implementa-

tion of isoniazid preventive therapy in children aged under 5 years exposed to tuberculosis in Benin. Int

J Tuberc Lung Dis. 2016; 20:1055–9. https://doi.org/10.5588/ijtld.15.0493 PMID: 27393539

34. Egere U, Sillah A, Togun T, Kandeh S, Cole F, Jallow A, et al. Isoniazid preventive treatment among

child contacts of adults with smear-positive tuberculosis in The Gambia. Int Union Against Tuberc Lung

Dis Heal Solut poor. 2016; 6(4):226–31.

35. Adams L V, Talbot EA, Odato K, Blunt H, Steingart KR. Interventions to improve delivery of isoniazid

preventive therapy: an overview of systematic reviews. BMC Infect Dis. 2014; 14:281–90. https://doi.

org/10.1186/1471-2334-14-281 PMID: 24886159

36. Munro SA, Lewin SA, Smith HJ, Engel ME, Fretheim A, Volmink J. Patient adherence to tuberculosis

treatment: a systematic review of qualitative research. PLoS Med. 2007; 4(7):e238. https://doi.org/10.

1371/journal.pmed.0040238 PMID: 17676945

37. Sanou A, Dembele M, Theobald S, Macq J. Access and adhering to tuberculosis treatment: Barriers

faced by patients and communities in Burkina Faso. Int J Tuberc Lung Dis. 2004; 8(12):1479–83. PMID:

15636495

38. Jaiswal A, Singh V, Ogden JA, Porter JDH, Sharma PP, Sarin R, et al. Adherence to tuberculosis treat-

ment: lessons from the urban setting of Delhi, India. Trop Med Int Health. 2003; 8(7):625–33. PMID:

12828545

39. Sagbakken M, Frich JC, Bjune G. Barriers and enablers in the management of tuberculosis treatment in

Addis Ababa, Ethiopia: A qualitative study. BMC Public Health. 2008; 8(11):1–11.

40. Gugssa Boru C, Shimels T, Bilal AI. Factors contributing to non-adherence with treatment among TB

patients in Sodo Woreda, Gurage Zone, Southern Ethiopia: A qualitative study. J Infect Public Health.

2017; 10(5):527–33. https://doi.org/10.1016/j.jiph.2016.11.018 PMID: 28189508

41. Singh V, Jaiswal A, Porter JDH, Ogden JA, Sarin R, Sharma PP, et al. TB control, poverty, and vulnera-

bility in Delhi, India. Trop Med Int Heal. 2002; 7(8):693–700.

42. Hanifa Y, Mngadi K, Lewis J, Fielding K, Churchyard G, Grant AD. Evaluation of the Arkansas method

of urine testing for isoniazid in South Africa. Int J Tuberc Lung Dis. 2007; 11(11):1232–6. PMID:

17958987

43. Gebremariam MK, Bjune GA, Frich JC. Barriers and facilitators of adherence to TB treatment in patients

on concomitant TB and HIV treatment: A qualitative study. BMC Public Health. 2010; 10:1–9. https://

doi.org/10.1186/1471-2458-10-1

44. Diefenbach-Elstob T, Plummer D, Dowi R, Wamagi S, Gula B, Siwaeya K, et al. The social determi-

nants of tuberculosis treatment adherence in a remote region of Papua New Guinea. BMC Public

Health. 2017; 17(1):1–12. https://doi.org/10.1186/s12889-016-3954-4

Isoniazid preventive therapy adherence and child contacts

PLOS ONE | https://doi.org/10.1371/journal.pone.0211934 February 11, 2019 16 / 16

https://doi.org/10.1007/s11135-017-0574-8
http://www.ncbi.nlm.nih.gov/pubmed/29937585
https://www.eiu.edu/ihec/Krueger-FocusGroupInterviews.pdf
https://www.eiu.edu/ihec/Krueger-FocusGroupInterviews.pdf
http://www.stata.com/manuals13/u.pdf/
https://data.worldbank.org/indicator/SI.POV.DDAY?locations=RW
https://doi.org/10.1093/cid/cit645
https://doi.org/10.1093/cid/cit645
http://www.ncbi.nlm.nih.gov/pubmed/24077055
https://doi.org/10.5588/ijtld.10.0558
http://www.ncbi.nlm.nih.gov/pubmed/22118171
https://doi.org/10.5588/ijtld.15.0493
http://www.ncbi.nlm.nih.gov/pubmed/27393539
https://doi.org/10.1186/1471-2334-14-281
https://doi.org/10.1186/1471-2334-14-281
http://www.ncbi.nlm.nih.gov/pubmed/24886159
https://doi.org/10.1371/journal.pmed.0040238
https://doi.org/10.1371/journal.pmed.0040238
http://www.ncbi.nlm.nih.gov/pubmed/17676945
http://www.ncbi.nlm.nih.gov/pubmed/15636495
http://www.ncbi.nlm.nih.gov/pubmed/12828545
https://doi.org/10.1016/j.jiph.2016.11.018
http://www.ncbi.nlm.nih.gov/pubmed/28189508
http://www.ncbi.nlm.nih.gov/pubmed/17958987
https://doi.org/10.1186/1471-2458-10-1
https://doi.org/10.1186/1471-2458-10-1
https://doi.org/10.1186/s12889-016-3954-4
https://doi.org/10.1371/journal.pone.0211934

