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Abstract

Background

High uptake and optimal adherence to Option B+ antiretroviral therapy (ART) increase

effectiveness in averting mother-to-child transmission of HIV. Option B+ ART uptake, early

adherence, and associated factors need to be evaluated in Central Uganda.

Methods

A mixed approaches study was carried out in six health facilities in Masaka, Mityana, and

Luwero districts from October 2013 to February 2016. Questionnaires were administered to

507 HIV positive pregnant females seeking antenatal care services. Key informant inter-

views were conducted with 54 health providers, and in-depth interviews (IDIs) with 57 HIV

positive women on Option B+ ART. Quantitative data were analyzed using log-binomial

regression model to determine factors associated with optimal adherence (taking at least

95% of the prescribed ART), while thematic analysis was used on qualitative data.

Results

Ninety one percent of women (463/507) received a prescription of life long ART. Of these,

93.3% (432/463) started swallowing their medicines. Overall, 83% of women who received

ART prescriptions (310/374) felt they were ready to initiate ART immediately. Main motivat-

ing factors to swallow ART among those who received a prescription were women’s per-

sonal desire to be healthy (92.3%) and desire to protect their babies (90.6%). Optimal

adherence to ART was achieved by 76.8% (315/410). Adherence was higher among
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females who were ready to start ART (adj. PR = 3.20; 95% CI: 1.15–8.79) and those who

had revealed their HIV positive result to someone (adj. PR = 1.23; 95% CI: 1.04–1.46). Facil-

itators of ART uptake from qualitative findings included adequate counseling, willingness to

start, and knowing the benefits of ART. Reasons for refusal to start ART included being

unready to start ART, fear to take ART for life, doubt of HIV positive results, and preference

for local herbs. Reasons for non-adherence were travelling far away from health facilities,

fear of side effects, non-disclosure of HIV results to anyone, and perception that the baby is

safe from HIV infection post-delivery.

Conclusions

Uptake of Option B+ ART was very high. However, failure to start swallowing ART and sub-

optimal adherence are a major public health concern. Enhancing women’s readiness to

start ART and encouraging HIV result revelation could improve ART uptake and adherence.

Introduction

Mother-to-child transmission (MTCT) of HIV is still a challenge sub-Saharan Africa where

HIV prevalence and fertility rates are high [1, 2]. Globally, over 90% of new HIV infections in

children occur through MTCT [3]. ART use for prevention of mother-to-child transmission

(PMTCT) lessens the HIV MTCT risk to less than 2% and 5% in non- and lactating popula-

tions respectively [4, 5]. Since 2000, a decline of 58% in new paediatric HIV infections has

been noted as a result of ART use among expectant women living with HIV [1, 6, 7]. To hasten

the drop in new HIV infections more, the World Health Organization (WHO) reviewed the

PMTCT guidelines in 2012 with the aim of achieving virtual elimination of MTCT (e-MTCT)

of HIV. The reviewed guidelines suggested Option B+ (lifelong ART for HIV positive expect-

ing and lactating mothers irrespective of CD4 or clinical stage) [8].

Implementation of Option B+ in Uganda began in September 2012. Implementation started

in districts with the highest HIV prevalence and was scaled up to all districts by the end of

2013 [9]. Women on Option B+ in Uganda received a combination of Tenofovir Disoproxil

Fumarate (TDF), Lamivudine (3TC) and Efavirenz (EFV) as a single pill. For e-MTCT of HIV

to be realized, ART should be initiated early in pregnancy with adequate adherence in order to

achieve viral suppression [10]. However, studies have revealed various gaps in implementation

of PMTCT programs. A systematic review and meta-analysis by Huang et al. [11] showed that

in China, 71% of HIV positive women had initiated Option B+ but uptake varied between

income levels. Further, a systematic assessment in low and middle-income countries revealed

that nearly half of HIV positive expectant women neither received ART prophylaxis during

antenatal care (ANC) nor delivered in health facilities [12]. Other PMTCT studies conducted

before adoption of Option B+ revealed varying results. In Malawi, there was low use of ART

and single dose Nevirapine, whereas in Kenya high uptake of ART was reported using commu-

nity-based assessment data [13, 14]. A study using health facility data from 2002 to 2011 in

Northern Uganda showed that only 69.4% and 9.6% of HIV positive gravid women were

started on ART for prophylaxis and treatment respectively [15].

Price et al. (2014) specifically evaluated the Option B+ in Malawi using a retrospective

cohort where many eligible pregnant women had not taken up an invite to start ART [16].

Gravidity and the first months of postpartum are associated with significant changes in a
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woman’s life, which might influence ART uptake and adherence. Barriers to ART uptake and

adherence during this period among others include family obligations and stress due to preg-

nancy and child birth, and non-disclosure of HIV positive status. Postpartum women have

been found to miss more medical appointments, and adherence tends to be lower than during

pregnancy [17–20]. Studies have shown that between 10% and 50% stopped their ART after

delivery, some without health workers’ approval [18, 19, 21]. Although critical, issues around

prescription, uptake of ART (prescription and starting to swallow ART), and early adherence

in the setting of Option B + have scarcely been researched [22, 23]. Though many of the exist-

ing studies used prescription and receipt of ART as a measure of uptake, some women who

receive the medicines could fail to swallow them for various reasons. If ART non- uptake and

non-adherence are identified early, interventions can be instituted to increase uptake, adher-

ence and subsequently effectiveness of Option B+. Early treatment failure and hasty progress

to ART drug resistance could also be prevented [24, 25]. Therefore, this study assessed key

issues around ART prescription and swallowing (uptake), early adherence and associated fac-

tors among HIV positive expectant women and lactating mothers on Option B+ in Central

Uganda. Findings from the study could contribute to achievement of the Joint United Nations

Programme on HIV/AIDS (UNAIDS) fast-track targets and subsequently end the HIV/AIDS

epidemic as a public health threat by 2030 [26, 27].

Methods

Study design

A prospective cohort study using mixed methods was conducted at health facilities providing

lifelong ART in Masaka, Mityana, and Luwero districts from October 2013 to March 2016.

The details of the methodology for the study involving HIV positive women are already

reported elsewhere [28, 29]. In brief, quantitative interviews were conducted in a prospective

cohort of 507 HIV positive women pregnant at baseline and at 2, 4, 6, 10, 14, and 18 months

after baseline to establish uptake of ART and other PMTCT linked services for both the HIV

positive mothers and their infants; evaluate retention in care; and measure adherence to ART.

Additionally, the study enrolled 54 health providers and 57 HIV positive women for a qualita-

tive inquiry using a qualitative descriptive approach. In the current manuscript, a mixed meth-

ods cross-sectional convergent parallel study design nested in a prospective cohort was

followed. Mixed methods were critical in this study to ensure complementarity and facilitation

of greater understanding [30–32] of uptake and early adherence to Option B+ ART. Conver-

gent parallel mixed method design enabled autonomous collection of quantitative and qualita-

tive data which were later integrated at reporting, interpretation, and discussion [30, 33–35].

The quantitative arm aimed to assess issues around ART prescription, uptake, adherence and

associated factors. The qualitative arm explored experiences around ART prescription, uptake,

and adherence among women on Option B+ and garnered views and perspectives of Option B

+ service providers.

Study sites

This study was conducted at six health facilities in Masaka, Mityana, and Luwero districts in

Central Uganda. These were among the first districts to implement Option B+ in Uganda fol-

lowing its launch in September 2012. The facilities included three high patient volume facilities

(Masaka Regional Referral Hospital (RRH), Mityana General Hospital (GH), and Luwero

Health Centre (HC) IV) in accordance with the structure of the Uganda public health-care sys-

tem [36]. The other three locations were low patient volume facilities (Kyanamukaka HC IV,

Ssunga HC III and Katikamu HC III). High patient volume facilities have over 500 individuals
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in HIV care while low volume facilities have�500 clients in HIV care [37]. The qualitative

study was conducted at all the six facilities whereas the quantitative component was carried

out only at the high patient volume facilities.

Study population and data collection

Quantitative component. A total of 507 HIV positive pregnant females were enrolled and

followed-up at Masaka RRH (184), Mityana GH (213), and Luwero HC IV (110) from October

2013 to March 2016. Study eligibility was HIV positive expectant females seeking ANC ser-

vices, aged 15–49 years, ART naïve or started on ART for Option B+ within four weeks of

enrollment. All women reporting for ANC services at the facilities were assessed for pregnancy

either through self-report or pregnancy test and screened for HIV status. The ANC service

providers referred all pregnant HIV positive women to the study research staff on site.

A well-trained female research assistant (RA) was stationed at each study facility to enroll

and follow up eligible participants. The RA screened the women for study eligibility, adminis-

tered written informed consent to the eligible women, and subsequently conducted face-to-

face interviews using structured pre-tested and standardized questionnaires. The question-

naire used for data collection was adopted with modifications [38–41]. Pre-testing of the ques-

tionnaires was done by administering them to a sample of study eligible participants in a non-

study site. Thereafter, the investigators met with the RAs to go through the entire tool to cor-

rect any unclear questions. This ensured that all participants were asked the same questions in

an identical format and responses recorded in a uniform manner. Enrolment was done con-

currently at all the three sites until the calculated sample size of 500 participants was obtained.

This was the sample size for the parent study and was determined as described elsewhere [29].

Due to simultaneous recruitment at all the study sites, a total of 507 were enrolled. Following a

baseline interview at enrolment, follow-up visits were scheduled at every two months intervals

up to six months, then every four months up to 18 months post enrolment. Study follow-up

interviews were aligned to the scheduled ANC/postnatal care (PNC) clinic visits as much as

possible to minimize inconvenience to the women. Baseline questionnaires were administered

to all 507 women. Analysis on the characteristics of study participants and prescription of ART

was done on 507 women. In this article, uptake of and early adherence to Option B+ medicines

at two-month follow-up was analysed for 463 and 410 women who had complete data, respec-

tively. Basing on the sample sizes that we used for the two study outcomes (levels of uptake

and early adherence), the study had a 5% level of precision. We conducted a power analysis on

associated factors such as HIV positive status disclosure to anyone, and readiness to start ART.

We found that our study had sufficient power (� 80%) to detect a difference in the study out-

come (Early adherence).

Quantitative data collection for this study took place between October 2013 and October

2014.

Qualitative component. Participants in the qualitative interviews were purposively

selected. We planned to interview 10 HIV positive women at each health facility (60 women

total) for the in-depth interviews. However, 57 interviews were conducted and the participants

were not part of the quantitative component but receiving the same Option B+ services. Use of

in-depth interviews enabled the researchers explore women’s lived experience in regards to

uptake of and early adherence to ART for Option B+. The women were either expectant or

post-delivery. They had been on lifelong ART for a minimum of six months so as to provide

sufficient experiences before and after delivery. Based on information from health facility staff

and records, the women were considered into three groups: good ART adherers, poor ART

adherers, and delayed ART acceptors as defined in the articles that were published elsewhere
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[28, 29]. Qualitative data collection was conducted from February to May 2014 using pre-

tested semi-structured interview guides. Three well-skilled research assistants with vast under-

standing in qualitative research conducted the in-depth interviews.

Fifty-four key informant interviews out of the targeted 60 interviews (10 at each facility)

were used to explore health provider perspectives on uptake and early adherence to Option B

+ from all the six facilities. The selected health providers were deemed to have the necessary

information on uptake and early uptake of Option B+ ART. Health providers were classified

in two categories based on their roles, workstation/department, and experience as described

elsewhere [36]. The sample size specification and justification for the qualitative component

were predetermined as this was required by the funder, ethics committee, and Ministry of

Health (MOH) before the study was implemented [42, 43].

Four of the main investigators (A.M., R.W., E.B., and R.N.) interviewed the key informants.

All in-depth interviews s and a few key informant interviews with expert clients were con-

ducted in Luganda the commonly spoken local language. All other key informant interviews

were carried out in English. On average, each key informant interview lasted 1.5 hours whereas

each in-depth interview lasted between 1 and 2 hours. All qualitative interviews were audio-

recorded.

Data collection tools and measures

The quantitative data were collected on participants’ socio-demographic characteristics, pre-

scription and swallowing of Option B+ ART, reasons for non-prescription and/or refusal to

swallow ART, disclosure of HIV status, willingness to start ART, readiness to start taking (ini-

tiate) ART, motivation to initiate ART, reasons for delay to initiate ART, understanding of

how long the participant was supposed to be on ART, and self-reported adherence to ART.

Uptake of and early adherence to Option B+ ART were the key dependent variables. These

were assessed at two months after enrolment into the study. Uptake of Option B+ medicines
was defined as having been prescribed and starting to swallow ART.Willingness to start ARTs
was assessed among women who had not received a prescription by asking if they were willing

to be initiated on ART or not. Reasons for non-willingness to be prescribed ART were also

probed. Readiness to take ART was assessed by asking women who had been initiated on ART;

how ready they were at the time they started taking ART. The responses were; immediately,

later and not at all. Women were also asked to mention what motivated them to start taking

ART. Early adherence was measured as a binary outcome and defined as i) optimal if women

reported taking at least 95% of the ART doses (�29 doses) in the 30-days before the two-

month follow-up interview, or ii) suboptimal if reported taking less than 29 doses in the same

period. ART was prescribed to be taken once a day. ART adherence was assessed through self-

report by asking for the number of ART doses taken in the past 30 days. A visual analogue

scale (0–100%) was used to find the percentage of prescribed ART doses taken at every follow-

up study visit. The questionnaires were translated into Luganda, the commonly used local

dialect.

Qualitatively, in-depth interview and key informant interview guides were developed by the

research team. The topics covered by the interview guides were based on our research question

“What influences uptake and early adherence to lifelong ART among HIV positive pregnant

and breastfeeding women in Central Uganda?” Guided by literature gaps, the researchers dis-

cussed the issues, listed varied questions and probes in a semi-structured format [28, 36]. This

study focused on issues around uptake of, motivation to start and adherence to Option B

+ ART. Some of the specific questions to the key informants explored matters around lifelong
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ART prescription, benefits of lifelong ART, adherence to ART, and retention in HIV care. The

interview guide is included as S1 Appendix.

The questions to the in-depth interview participants included; experiences round decision

and motivation to start Option B+ ART, refusal to start ART, ART adherence and HIV related

stigma. The in-depth interview guide is included as S2 Appendix.

Data analysis

Quantitative data. Exploratory data analysis was conducted on the independent and

dependent variables. Descriptive statistics were generated providing percentages for categori-

cal variables, while means (standard deviation) and median (inter-quartile range, IQR) for

continuous variables. Percentages were computed for the socio-demographic characteristics,

reported Option B+ ART prescription, taking of ART, reasons for non-prescription and/or

refusal to take ART, disclosure of HIV status, willingness to take ART, readiness to initiate

ART, motivation for initiating ART, reasons for delay in initiating ART, understanding of

how long the participant was supposed to be on ART, and adherence to ART. Bivariate and

multivariable analyses were conducted to generate prevalence ratio (PR) as a measure of asso-

ciation, using log-binomial regression model to establish factors associated with optimal

adherence. Log-binomial regression was preferred to logistic regression because the later tech-

nique tends to overestimate the measures of association when the prevalence of the outcome is

10% or higher [44]. We explored for interaction between some of the factors such as: disclo-

sure of HIV status to anyone; readiness to start ART; health facility level; and knowledge on

how long ART should be taken and the outcome (early adherence). After testing for collinear-

ity, interaction and confounding, variables that had p-value of� 0.2 at bivariate analysis were

included into the final multivariable regression model. STATA version 14 was used for

analysis.

Qualitative data. Qualitative data were transcribed verbatim. Data in Luganda were

simultaneously translated and transliterated into English. Each transcript was reread by AM

and one other co-investigator for content and completeness. Additional reviews of selected

transcripts were done by RW for quality control and to ensure reflexivity. Final transcriptions

were transferred to Atlas software (Atlas.ti, Version 7 software, Berlin, Germany) for analysis.

Thematic analysis was done using a predetermined frame with the following themes: [45, 46]

willingness of HIV positive pregnant women to start ART, uptake of, readiness and motivation

to initiate Option B+ ART, refusal and delay to take Option B+ ART, and early adherence to

Option B+ ART as guided by the quantitative and qualitative tools [30]. We identified para-

graphs linked to the predetermined themes and then coded these pieces inductively using the-

matic analysis. Thereafter, codes were grouped into subthemes within each pre-determined

theme. Coding was done by AM. The codes and subthemes were discussed and reflected on by

the co-authors through regular meetings. Distinctive quotes were identified and used to high-

light the main issues identified in the interviews. This was done for both the in-depth and key

informant interviews.

Ethical considerations

Ethical approval was gotten from Makerere University School of Public Health Higher

Degrees, Research and Ethics Committee and Uganda National Council for Science and Tech-

nology (UNCST). Authorization to conduct the study was sought from the district health offi-

cers and health facility in-charges. Written informed consent was attained from every study

participant prior to conducting interviews. HIV positive pregnant women aged 15–17 years
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who participated in the quantitative component of the study were considered as emancipated

minors as per the UNCST ethics committee guidelines [47].

Results

Both quantitative and qualitative results are integrated as per the pre-defined themes.

Baseline characteristics

Out of 925 women who were screened for eligibility, 507 HIV positive expectant females were

enrolled into the study. Fig 1 shows numbers of women who were screened, recruited in the

study and included in the quantitative analyses at the first two-month follow-up visit.

Table 1 shows baseline characteristics of women who were enrolled in the cohort study

(quantitative component). Mityana GH contributed the maximum number of study partici-

pants (42.1%, 213), followed by Masaka RRH (36.2%, 184) and Luwero (21.7%, 110).

The median (IQR) age was 24 (21, 28) years. Half (52.1%) were aged 15–24 years while

28.6% aged 25–29 years. Majority (51.1%) had primary or no education and 48.9% had

attained secondary education and above. Four in five (80%) women were married, and Catho-

lic was the most common religion (47.9%). A third (33.7%) of the women were involved in

business/commercial activities, 23.1% were home-markers/ housewife, and 18.9% were

engaged in subsistence farming. Nearly all study participants (95.5%) indicated that they

intended to deliver from the study-enrolling health facility. Just over a quarter (27.2%) had

been initiated on Option B+ ART within four weeks prior to enrolment into the study.

Forty-nine women were eligible to participate in the study but declined. Out of these, 41

women had data on their baseline characteristics as shown in Table 2. Majority (80.5%) were

from Luwero HC IV, and the median (IQR) age was 24 (21, 27) years. More than half (53.7%)

were aged 15–24 years while 31.7% aged 25–29 years. Most women (63.4%) had primary or no

education and 36.6% had attained secondary education and above. Majority (82.9%) of

women were married, and four in five (80.5%) were ART naive.

Fig 1. Flow chart for enrolment and two- month follow-up of the study participants.

https://doi.org/10.1371/journal.pone.0251181.g001

PLOS ONE What influences uptake and early adherence to Option B+ antiretroviral therapy in Central Uganda?

PLOS ONE | https://doi.org/10.1371/journal.pone.0251181 May 5, 2021 7 / 23

https://doi.org/10.1371/journal.pone.0251181.g001
https://doi.org/10.1371/journal.pone.0251181


Women who were enrolled in the study and those who declined had similar baseline char-

acteristics except for the categories of casual worker (p = 0.019) and housewife (p = 0.022)

under the variable “Occupation” (Table 3).

Fifty-seven participants took part in the in-depth interviews. A total of 54 key informant

interviews were conducted with 34 clinic staff category and 20 facility managers. Details of the

in-depth and key informant interviews participants were described elsewhere [28, 36].

In the subsequent results, we present the quantitative results under the predetermined

themes while qualitative results are under the subthemes shown in Table 4.

Table 1. Baseline characteristics of HIV positive pregnant women recruited into the study (N = 507).

Characteristic Health Facility

Luwero HC IV (n = 110,

21.7%)

Mityana GH (n = 213,

42.1%)

Masaka RRH (n = 184,

36.2%)

Total number

(%)

Age (years)

Median (IQR) 23 (20–28) 25 (21–29) 24 (20.5–28) 24 (21–28)

15–24 63 (57.3) 97 (45.5) 104 (56.5) 264 (52.1)

25–29 29 (26.4) 63 (29.6) 53 (24.8) 145 (28.6)

30–44 18 (16.4) 53 (24.9) 27 (14.7) 98 (19.3)

Number (%) Number (%) Number (%)

Highest level of education completed

Primary or below 53 (48.2) 123 (57.7) 83 (45.1) 259 (51.1)

Secondary or above 57 (51.8) 90 (42.3) 101 (54.9) 248 (48.9)

Marital status

Married 89 (80.9) 172 (80.8) 145 (78.8) 406 (80.1)

Never married 12 (10.9) 19 (8.9) 30 (16.3) 61 (12.0)

Widowed/separated 9 (8.2) 22 (10.3) 9 (4.9) 40 (7.9)

Occupation

Peasant farmer 18 (9.8) 24 (21.8) 54 (25.4) 96 (18.9)

Salaried 10 (5.4) 6 (5.5) 13 (6.1) 29 (5.7)

Business/commercial 60 (32.6) 24 (21.8) 87 (40.9) 171 (33.7)

Casual worker 1 (0.5) 10 (9.1) 10 (4.7) 21 (4.1)

Not employed 34 (18.5) 9 (8.2) 0 (0.0) 43 (8.5)

Housewife 41 (22.3) 28 (25.5) 28 (22.5) 117 (23.1)

Others 20 (10.9) 9 (8.2) 1 (0.5) 30 (5.9)

Religion

Catholic 39 (35.5) 99 (46.5) 105 (57.1) 243 (47.9)

Protestant 35 (31.8) 53 (24.9) 20 (10.7) 108 (21.3)

Born again 17 (15.5) 23 (10.8) 15 (8.2) 55 (10.8)

Muslim 15 (13.6) 28 (13.1) 43 (23.4) 86 (17.0)

Other 4 (3.6) 10 (4.7) 1 (0.5) 15 (3.0)

Health Facility where the participant intends to

deliver from

Study site 97 (88.2) 209 (98.1) 178 (96.7) 484 (95.5)

Another facility 13 (11.8) 4 (1.9) 6 (3.3) 23 (4.5)

ART Initiation status

Within past 4 weeks 37 (33.6) 66 (31.0) 35 (19.0) 138 (27.2)

ART naive 73 (66.4) 147 (69.0) 149 (81.0) 369 (72.8)

https://doi.org/10.1371/journal.pone.0251181.t001
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Prescription of ART by health providers

At enrolment into the study, 27.2% (138/507) of women had received ART prescription within

4 weeks, increasing to 91.3% (463/507) at the month-2 interview. Prescription of ART by

month-2 was significantly lower in Masaka RRH (77.7%, 143/184, p<0.001) than Luwero HC

IV (98.2%, 108/110) and Mityana GH (99.5%, 212/213).

Willingness of HIV positive pregnant women to start ART

Women who had not been prescribed ART at month 2 (n = 44) were asked if they were willing

to be initiated on ART using the quantitative tool. Of these, 39 (88.6%) were willing to be

started on ART, four (9.1%) were not willing, and one participant (2.3%) had missing data.

Reasons for not having been prescribed ART among those who wished to start included being

told by health workers to go and think about it (71.8%, 28/39), not ready to start immediately

after the HIV positive test (20.5%, 8/39), lack of ART at the previous ANC facility (2.6%, 1/39),

wanted to come with spouse (2.6%, 1/39), and being uninformed of the presence of Option B

+ approach (2.6%, 1/39).

Giving HIV positive pregnant women counseling and time to think about starting

ART. Similar to the quantitative results, many key informant and in-depth interview partici-

pants said that most HIV positive gravid females were counseled and given time to think about

starting lifelong ART. Key informants envisioned that counseling and giving HIV positive

Table 2. Baseline characteristics of HIV positive pregnant women who declined to participated in the study (N = 41) by health facility.

Characteristic Health Facility

Luwero HC IV Mityana GH Masaka RRH Total number (%)

(n = 33, 80.5%) (n = 5, 12.2%) (n = 3, 7.3%)

Age (years)

Median (IQR) 24 (20–27) 27 (22–29) 20 (20–32) 24 (20–27)

15–24 18 (54.5) 2 (40.0) 2 (66.7) 22 (53.7)

25–29 11 (33.3) 2 (40.0) 0 (0.0) 13 (31.7)

30–44 4 (12.1) 1 (20.0) 1 (33.3) 6 (14.6)

Number (%) Number (%) Number (%)

Highest level of education completed

Primary or below 22 (66.7) 2 (40.0) 2 (66.7) 26 (63.4)

Secondary or above 11 (33.3) 3 (60.0) 1 (33.3) 15 (36.6)

Marital status

Married 28 (84.9) 5 (100.0) 1 (33.3) 34 (82.9)

Never married 2 (6.1) 0 (0.00) 2 (66.7) 4 (9.8)

Widowed/separated 3 (9.1) 0 (0.00) 0 (0.00) 3 (7.3)

Occupation

Peasant farmer 6 (18.2) 1 (20.0) 1 (33.3) 8 (19.5)

Business/commercial 7 (21.2) 0 (0.00) 1 (33.3) 8 (19.5)

Casual worker 5 (15.2) 0 (0.00) 0 (0.00) 5 (12.2)

Not employed 2 (6.1) 0 (0.00) 0 (0.0) 2 (4.9)

Housewife 12 (36.4) 3 (60.0) 1 (33.3) 16 (39.0)

Others 1 (3.03) 1 (20.0) 0 (0.0) 2 (4.9)

ART Initiation status

Within past 4 weeks 8 (24.2) 0 (0.0) 0 (0.0) 8 (19.5)

ART naive 25 (75.8) 5 (100.0) 3 (100.0) 33 (80.5)

https://doi.org/10.1371/journal.pone.0251181.t002
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Table 3. Comparison of baseline characteristics of HIV positive pregnant women recruited into the study

(N = 507) and those who declined (N = 41).

Characteristic Enrolled Declined P- value

Total number (N = 507, %) Total number (N = 41, %)

Age (years)

Median (IQR) 24 (21–28) 24 (20–27) -

Number (%) Number (%)

15–24 264 (52.1) 22 (53.7) 0.844

25–29 145 (28.6) 13 (31.7) 0.673

30–44 98 (19.3) 6 (14.6) 0.460

Highest level of education completed

Primary or below 259 (51.1) 26 (63.4) 0.129

Secondary or above 248 (48.9) 15 (36.6) 0.129

Marital status

Married 406 (80.1) 34 (82.9) 0.664

Never married 61 (12.0) 4 (9.8) 0.675

Widowed/separated 40 (7.9) 3 (7.3) 0.891

Occupation

Peasant farmer 96 (18.9) 8 (19.5) 0.925

Salaried 29 (5.7) 0 (0.0) 0.116

Business/commercial 171 (33.7) 8 (19.5) 0.062

Casual worker 21 (4.1) 5 (12.2) 0.019

Not employed 43 (8.5) 2 (4.9) 0.420

Housewife 117 (23.1) 16 (39.0) 0.022

Others 30 (5.9) 2 (4.9) 0.793

ARV Initiation status

Within past 4 weeks 138 (27.2) 8 (19.5) 0.283

ART naive 369 (72.8) 33 (80.5) 0.283

https://doi.org/10.1371/journal.pone.0251181.t003

Table 4. Predetermined themes and subthemes.

Predetermined themes Sub-themes

1. Willingness of HIV positive pregnant women

to start ART

a) Giving HIV positive women counseling and time to think

about starting ART

b) Desire to have an HIV negative baby

2. Uptake of Option B+ ART a) Adequate counseling

3. Readiness to take Option B+ ART a) More time and information

4. Motivation to take Option B+ ART a) Desire to remain healthy and deliver an HIV negative baby

b) Perceived effectiveness of B+ ART

c) Benefits of Option B+ ART to HIV negative spouses

5. Refusal and delay to start taking Option B+

ART

a) Doubt of HIV positive result

b) Fear to take ART

c) Duration of ART

6. Early adherence to Option B+ ART a) Disclosure of HIV positive status

b) Participation in health education talks and counseling

c) Desire to remain healthy and deliver an HIV negative baby

d) Busy schedule

e) ART side effects

https://doi.org/10.1371/journal.pone.0251181.t004
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expectant females time to think about Option B+ before prescription of ART could enhance

acceptability and uptake of, and adherence to, Option B+ ART and retention in HIV care.

“When a woman tests HIV positive, we ask her to decide basing on the counseling she has
received. If she says that she’s not ready to start ART we allow her time to think and come
back when ready”Health provider, Hospital.

Congruently, many in-depth interview participants indicated that they were willing to initi-

ate ART on the same day they tested HIV positive but the health providers told them to come

back later after internalizing issues around lifelong ART.

“The health workers first found me with the virus (HIV positive), they told me to come back
and get the medicines [ART] on another day. Even though I wanted it to be given to me on
that very day they tested me, I had to come back later after thinking about it well” IDI Partici-

pant, Mityana GH

Desire to have an HIV negative baby. From the in-depth interviews, most participants

indicated that they were willing to start on ART the same day they were found to be HIV posi-

tive so as to deliver an HIV negative baby. Desire for an HIV negative baby as the main reason

for preference of same day ART initiation was also mentioned by key informant interview

participants.

“After testing HIV positive, I was willing to start ART immediately but they [health workers]
told me to go and think about it, then come back when ready to start on ART. I did not refuse
to start immediately, because I was pregnant and I wanted to deliver a healthy [HIV negative]
baby” IDI Participant, Masaka RRH.

“The reason why they [women] are willing to test for HIV and start on Option B+ is because
they are pregnant and want to prevent their babies from getting HIV infected”Health pro-

vider, HC III

The quantitative results showed that three of the four women who were not willing to start

ART were from Masaka RRH while the fourth was from Luwero HC IV. Fear of taking ART,

being depressed due to the HIV positive status, and lack of a place for hiding ART from family

members were the key reasons for not willing to start ART.

Uptake of Option B+ ART

At two months follow up, the majority of the women had been prescribed ART and 93.3%

(432/463) had started swallowing the medication (Table 5). Uptake of ART was higher in

Masaka RRH and Mityana GH (95.8%) but lower in Luwero HC IV (85.2%). Most women

started swallowing ART on the same day of prescription, (370/432; 85.7%), some started swal-

lowing after 1–7 days, 52/432 (12.0%), and 10 (2.3%) started after one week.

Adequate counseling. The qualitative component revealed that most key informants said

that if the HIV positive gravid females were appropriately counselled, they would start swal-

lowing ART on the same prescription day.

“Most of them [women] start swallowing ART on the same day of prescription once they are
well counseled. The few who refuse to start on ART do so later after on-going counselling”
Health provider, HC III.
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Consistently, in-depth interviews s indicated that most women began swallowing their

ART on the same day it was prescribed after being tested and counseled by health providers.

“They [health providers] gave me medicines [ART] on the very day I tested HIV positive. I
was well counseled and told to choose a particular time when to swallow those medicines at
night. I decided to swallow at 9.00pm and I started immediately on that very day” IDI Partici-

pant, Katikamu HC III.

“I received good [meaning adequate] counseling from the health providers and I accepted to
start on the medication [ART] there and then” IDI Participant, Mityana GH.

Readiness to take Option B+ ART

Women who started swallowing ART by two months’ follow-up (n = 432) were requested to

state their readiness to initiate ART at the time of prescription. Among women with data on

this question, majority (82.9%, 310/374) were ready to immediately start, but 12.6% (47)

wanted to delay while 4.6% (17) were not ready at all. Readiness to start swallowing ART

immediately varied by health facility, Mityana GH (88.2%) and Masaka RRH (85.6%), but

lower in Luwero HC IV (67.1%). Women were further asked to give reasons for not being

ready to start ART at the time it was prescribed. Desire for more time (53.1%, 34/64), lack of

sufficient information on Option B+ ART (23.4%, 15/64) and desire to repeat (confirmatory)

HIV tests (9.4%, 6/64) were the most commonly mentioned hindrances to start taking ART.

Other reasons cited are shown in Table 6.

More time and information. Similar to the quantitative findings, in-depth interview par-

ticipants echoed the need for more time and information before prescription of ART. This was

envisioned to enable one to understand how to take ART.

“Health workers should first give us enough time and information before prescribing ART. If
one is given the medicines [ART] before he/she has understood well all the necessary dos and

Table 5. Enrolment into the study (N = 507), ART prescription (n = 463) and uptake of Option B+ (n = 432) by health facility.

Health Facility Number enrolled ART prescription/initiation (n, %) Uptake of ART (Prescription and swallowing) [n, %]

Masaka RRH 184 143 (77.7) 137 (95.8)

Mityana GH 213 212 (99.5) 203 (95.8)

Luwero HC IV 110 108 (98.2) 92 (85.2)

Total 507 463 (91.3) 432 (93.3)

https://doi.org/10.1371/journal.pone.0251181.t005

Table 6. Reasons for not being ready to start ART at the time of prescription (n = 64).

Reason n (%)

Needed more time think about starting Option B+ 34 (53.1)

Needed more information on Option B+ 15 (23.4)

Wanted to do a repeat/confirmatory HIV test 6 (9.4)

Wanted to first acquire a watch to set time for swallowing ART 2 (3.1)

Wanted to first recover from sickness 2 (3.1)

Lacked food 1 (1.6)

Discouraged by a friend 1 (1.6)

Wanted to deliver first 1 (1.6)

Feared the size of the tablets 1 (1.6)

Wanted to start after showing signs of HIV 1 (1.6)

https://doi.org/10.1371/journal.pone.0251181.t006
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don’ts, one may end up taking it poorly or not taking ART at all” IDI Participant, Mityana

GH.

“That time I wasn’t given any information, because the health worker didn’t explain well. I
didn’t get information on how to swallow the medicines and care for myself” IDI Participant,

Masaka RRH.

Motivation to take Option B+ ART

The quantitative results showed that motivation to start taking Option B+ ART by women at

all facilities was majorly for own health (92.3%, 334/362), and to protect their unborn babies

(90.6%, 326/362) or spouses (7.5%, 27/362) from HIV infection. Additional reasons that were

obtained through the quantitative interviews include; advise from health providers, falling sick

frequently, desire to live longer, fear of symptoms of HIV disease to be noticed and encourage-

ment from spouses.

Desire to remain healthy and deliver an HIV negative baby. Similar to the quantitative

results, in-depth interviews revealed the desire to stay healthy and have an HIV negative baby

by women as a motivation to start Option B+ ART. Participants indicated that they needed to

be healthy to continue working and look after their families. Most participants felt that when

women are given adequate counseling and told the benefits of Option B+ ART, with the

majority accepting ART.

“I wanted to save my life, remain healthy so that I can look after my family and deliver a
healthy [HIV negative] child too” IDI Participant, Masaka RRH.

Key informant interview participants also alluded to desire for an HIV negative baby as a

motivation to take Option B+ ART.

“When these mothers are tested and they are found to be HIV positive, they are advised to
start on the medicines [ART].Most women accept to take the medicines [ART] because they
want to give birth to an HIV negative child”Health provider, HC IV.

Perceived effectiveness of Option B+ ART. All in-depth interview participants who were

good ART adherers emphasized that if ART is taken well, they make one healthy and the baby

is born HIV negative. This was attributed to the effectiveness of Option B+ ART in compari-

son to the strategies before the Option B+ era and motivated them to take the ART.

“The good thing I see in this one they brought (meaning Option B+), is that it seems better
than the old one which came first [Option A] because most of the time, when women deliver,
their children don’t have the sickness (meaning HIV negative babies), unlike in the past, some
could deliver, and when you test, they could find the babies infected with the virus” IDI Partic-

ipant, Mityana GH.

Furthermore, good ART adherers illustrated the experience of women that once on ART,

one lives longer than those who were not taking ART. It was noted that this enables HIV posi-

tive women to care for their children for a long time.

“Medicines [meaning ART] help us to live longer and look after our children for a number of
years” IDI Participant, Katikamu HC III.
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Benefits of Option B+ ART to HIV negative spouses. Most in-depth interviews revealed

that participants were either not aware of the benefits of the Option B+ ART to their spouses

or were only interested in the benefits for the woman’s health and that of her baby.

“They [health providers] told me that if I concentrate on taking the ART, the baby will not be
infected with HIV and I will remain health. I was not told anything in regards to the benefits
of ART to my spouse” IDI Participant, Mityana GH.

Refusal and delay to start taking Option B+ ART

Quantitative results revealed that thirty-one participants who received a prescription and ART

had not yet started taking their ART by two months of the study. Reasons cited were; not

ready/ prepared (14), fear to take ART for life (9), preference for local herbs due to fear of ART

tablets (3), wanting to start taking after giving birth (3), and doubting the HIV positive result

(2) and wanting to have a repeat (confirmatory) HIV test.

Both providers and women alluded to similar reasons during qualitative interviews as per

the sub-themes below.

Doubt of HIV positive results. Some women who delayed to start taking ART indeed

said that if they are given a positive HIV result for the first time, they would go to other health

facilities to repeat the test. The women said they would start taking ART after getting a confir-

matory HIV positive test.

“When I got the first pregnancy, I was told that I was HIV positive.However, I never believed,

but took Septrin tablets only.When I got the second pregnancy, I had not yet started on the
big tablets [ART]; I tested for HIV again wanting to prove whether I was truly positive. The
test gave the same results [HIV positive]. I had nothing to do but to start taking ART” IDI

Participant, Masaka RRH.

Likewise, key informant interview participants indicated that some women doubt positive

HIV results and request for repeat tests.

“Some women refuse, ‘am not HIV positive!’ If we test a woman and she doubts the results we
have given her, we repeat the test or refer her to another Health facility ‘X’—they believe in it
so much. So, we refer them there and wait for the results.”Health provider, HC IV.

Fear to take ART. Among women who participated in in-depth interviews, fear to take

ART was identified as a barrier to start ART. Women expressed a number of fears like taking

ART for life, being seen by the spouse, and possible side effects.

“I delayed to start the ART because I was fearing. I feared to swallow it all the time and I kept
thinking of the medicines [ART] all the time! But now am no longer thinking like that”. IDI

Participant, Masaka RRH.

“I did not start immediately because I had fear, I had to think for some time, like a number of
days. I first feared, because people scared us that, the tablet is very big and things like that”
IDI Participant, Masaka RRH.

“At first I feared to start swallowing the ART because I did not want the man [spouse] to see
me taking medicines.He had told me that, if they test you and you are found with the HIV
virus, we will separate [meaning divorce]” IDI Participant, Mityana GH,
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A few women had a misconception that some people can even die faster if they start swal-

lowing ART. The community was said to be the source of such misinformation.

“People in the village (those who were swallowing ART), told us that there is that new ART
(Option B+ ART) which kills people very fast- some people come when they are sick [have
advanced HIV] and they are given what kills fast.” IDI Participant, Ssunga HC III.

Duration of ART. A number of women indicated that they were scared of taking ART for

the rest of their lives. They went ahead to compare taking ART to other short course medicines

such anti-malaria medicines, which take only a few days.

“I was worried, because I didn’t know how to swallow the daily medicines [ART] for life. I am
used to short treatment: when I am sick of malaria, I swallow two tablets and I know that I
am now healed, but I thought of the daily medicines [ART]. . . ..will I manage, I was worried!”
IDI Participant, Katikamu HC III.

Early adherence to Option B+ ART

Adherence was assessed on 410 participants who had complete quantitative data at the two-

month follow up. Just over three quarters (76.8%, 315/410) of study participants had optimal

ART adherence. Optimal adherence was more common among women who were ready to

immediately start ART at time of prescription 83.2% (258/310), and lower for women who

wished to delay the start of ART 64.1% (25/39), and lowest if a woman did not want to ever

start, 17.6% (3/17). Table 7 shows the reasons given for non-adherence. Most common reasons

from the quantitative interviews included having travelled far away (24.2%, 23/95), side effects

of ART (16.8%, 16/95), running out of ART (14.7%, 14/95), and forgetting to take ART

(12.6%, 12/95).

Table 8 shows factors associated with optimal early adherence to Option B+ ART. Preva-

lence ratios are indicated, and no interactions were found among factors analysed. Optimal

ART adherence was similar among women at Mityana GH and Masaka RRH, which were sig-

nificantly higher than at Luwero HC-IV. Other factors associated with optimal adherence were

readiness to immediately start and disclosure of HIV status to anyone (Table 8).

Disclosure of HIV positive status. In the qualitative interviews, disclosure of HIV posi-

tive status was mentioned both in in-depth and key informant interviews as a facilitator of

Table 7. Reasons for non-adherence to Option B+ ART (n = 95).

Reason n (%)

Travelled far and failed to pick ART 23 (24.2)

Side effects of ART 16 (16.8)

Ran out of ART 14 (14.7)

Forgot to swallow ART 12 (12.6)

Lacked food to eat before swallowing ART 06 (6.3)

Non-disclosure of HIV status to partner 06 (6.3)

Had no money for transport to pick ART 05 (5.3)

Doubt of HIV positive status 04 (4.2)

Too sick to pick ART 04 (4.2)

Feared the tablets due the big size 03 (3.2)

Lost the bag which contained the ART 01 (1.1)

Was on many other medicines 01 (1.1)

https://doi.org/10.1371/journal.pone.0251181.t007
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optimal adherence. Women who disclose their HIV positive status to their partners or a close

relative get reinforced to continue taking their ART. However, those who don’t disclose their

status end up hiding their ART for fear of being seen by their spouses.

“He [spouse] has helped me a lot, it’s very important to disclose. Those who didn’t disclose
have faced problems; they hide the medicines [ART] so that the spouse cannot see them and
they end up missing some doses” IDI Participant, Luwero HC IV.

Participation in health education and counseling. In-depth interview participants who

were given health education and satisfactory counseling stated that this helped them to start

and remain adherent to the ART.

“The health workers first counseled me. I was told to start the medicines [ART] and from then
up to today I have never missed. They [health workers] told me to take it [ART] on time with-
out missing, I started swallowing without missing, and even I swallow at the exact hour/time.
I have never missed even a single day”. IDI Participant, Masaka RRH.

On the other hand, lack of health education and counseling were highlighted as barriers to

starting and remaining adherent to Option B+ ART. Some of the women who had suboptimal

ART adherence attributed it to having not attended the pre-ART health education talks and

counseling sessions.

“I used to reach when they had already given health education to other women. Therefore, I
was not provided with any pre-ART education and orientation sessions before I started taking
ART” IDI Participant, Kyanamukaka HC IV.

“Mmhmmh. . .they just gave me the tin [meaning the tin containing ART] and I took it home
to swallow. I almost I did not get any health education at all. I shouldn’t lie to you” IDI Partic-

ipant, Mityana GH.

Equally, most key informant interview participants stated that good counseling could result

in adherence to clinic appointments and ART.

“For me, I think that if the counseling has been good to the extent that the mother gets to
know the benefits of option B+, I believe, she can adhere to her appointments and even take
her medicines well for reasons that she wants an HIV negative child” Health Provider,

Luwero HC IV

Desire to remain healthy and deliver an HIV negative baby. Most in-depth interview

participants said that they didn’t want to miss any ART doses so as to remain healthy and give

birth to HIV negative babies. They anticipated that being adherent to the ART would result in

a rise in their CD4 count and thus remain healthy.

“I can’t miss any of my doses because I want my “asikaris” [meaning CD4 cells] to go higher
all the time to remain healthy, so that am able to deliver a healthy child [meaning HIV nega-
tive]” IDI Participant, Mityana GH.

Busy schedule. During the in-depth interviews, some participants attributed suboptimal

adherence to ART to busy schedules. A number of women had many chores to accomplish

which resulted in their forgetting to swallow ART.
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“At times you become too busy with many things like house work and digging. Time passes
and that’s when you forget to swallow the medicines [ART]” IDI Participant, Kyanamukaka

HC IV.

ART side effects. Side effects due to ART were commonly mentioned as being responsi-

ble for suboptimal adherence. In-depth interview participants mentioned varying side effects

including dizziness, headache, drowsiness, nausea, vomiting and nightmares.

“At the start, I felt bad whenever I would swallow the ART. I was vomiting, all the time I
would feel like vomiting, just like someone suffering from malaria” IDI Participant, Katikamu

HC III.

Discussion

This study assessed uptake and early adherence to ART and associated factors among HIV

positive gravid and lactating mothers starting lifelong ART in Central Uganda. Results from

this study show that majority (91.3%) of expectant HIV positive women were prescribed ART

immediately after they tested positive, as recommended by the MOH. Our finding is slightly

lower than that of Uganda population-based HIV impact assessment (UPHIA)-2016/2017

where 95.3% of HIV positive mothers who were 12 months post-delivery reported receiving

ART. The slight difference might be ascribed to the fact that the UPHIA involved women who

were on ART at the time of their first ANC and had delivered 12 months prior to the survey

[48].

Most women who had not received a prescription in our study were willing to be started on

ART, which indicates a missed opportunity for immediate ART initiation. Uptake of Option B

+ ART (prescription and swallowing of ART) was nearly universal by two months of follow-

up, which is very encouraging. Importantly, most women started taking their ART on the

same day of prescription. However, prescription and uptake of ART varied by health facility

Table 8. Factors associated with early adherence to Option B+ ART (n = 410).

Factors Unadjusted PR 95%CI Adjusted PR�� 95%CI

Health facility

Masaka RHH 1.66 1.30, 2.12 1.33 1.04, 1.69

Mityana GH 1.86 1.48, 2.35 1.44 1.14, 1.81

Luwero HCIV 1 1 1 Referent

Disclosure of HIV status to anyone

Yes 1.51 1.22, 1.87 1.24 1.04, 1.48

No 1 1 1 Referent

Motivation for starting ART: Protect baby

Yes 1.58 1.14, 2.19

No 1 1 Referent

Motivation for starting ART: Protect self

Yes 1.90 1.23, 2.92

No 1 1 Referent

Readiness to start ART

Immediately 1.67 1.27, 2.17 3.22 1.15, 8.96

Later/Not at all 14.73 1 1 Referent

Note��: Adjusted for health facility, HIV disclosure status, motivation to start ART and readiness to start ART.

https://doi.org/10.1371/journal.pone.0251181.t008
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which might be attributed to differences in practices such as assessing women for readiness to

start ART, giving women time to get ready, providing adequate counseling, and ensuring that

women understood the benefits of Option B+ ART. Whereas it is desirable to start ART imme-

diately, women who are not ready to start treatment should be screened and provided with

additional follow-up support. Further, the delay to start taking the medicines after prescription

highlights the need to carefully track the immediate start and to support women who may

encounter challenges in this early phase. This is congruent with recommendations by a trial

conducted at 70 research sites in 15 countries within sub-Saharan Africa, Asia, and the Ameri-

cas where one-third of asymptomatic HIV positive pregnant and postpartum women did not

initiate ART immediately for desire for more time to make a decision [49].

Initiation of Option B+ ART by health providers and actual taking in this study was higher

than reported elsewhere [11, 12, 16]. The high level of ART uptake could be due to the wish to

have HIV free infants as well as the women’s own health status. For the barriers such as prefer-

ence for local herbs, fear of ART side effects, among others reflect a need for further education

and support including counseling for reassurance and to reduce misinformation.

Early adherence was suboptimal (76.8%), although uptake was very high and most women

were ready to start Option B+ ART immediately and knew the reasons for taking ART. Such a

low adherence level soon after ART initiation is worrying since women are expected to be

more motivated to take their medicines regularly at this stage than later on in the PMTCT cas-

cade [18, 50]. Attention to the prominent reasons for this, including non-disclosure of HIV

positive status, side effects of ART, and perception that the baby is safe post-delivery might be

useful [28]. Ensuring that women are ready for Option B+ and HIV positive status disclosure

are factors that can be stressed to improve lifelong ART adherence. HIV positive gravid

women should not be hurried to start on Option B+ ART on the same day of HIV diagnosis

but be sufficiently counseled and supported to ensure that they are ready for the lifelong ART.

Facilities should have mechanisms such as use of peers to detect women who are ART non-

adherent early enough so that they can be given targeted supportive adherence counseling

[24]. These peers should be well-trained to acquire knowledge and skills necessary for detect-

ing non-adherence. Adequate adherence results into viral suppression and subsequently less

risk of MTCT of HIV [51] as endorsed in the UNAIDS concept of

undetectable = untransmittable [52].

Most of the issues around ART prescription, swallowing and early adherence among HIV

positive gravid and lactating women that were identified in this study are critical and can be

addressed by strengthening the existing strategies. Such strengthening would focus on provi-

sion of adequate general and targeted counseling, and social support and early tracking of

women. Although some study eligible women declined to participate in the study, their base-

line characteristics did not vary from those who participated except for the categories of casual

worker and housewife under the variable “Occupation”. Although some earlier studies found a

positive association between occupation/employment and adherence [53], similar to our

study, other studies reported no association between socio- demographic and economic vari-

ables and adherence to ART [54, 55]. Therefore, our study findings can be generalizable to

women in settings similar to where the study was conducted such as regional referral hospitals,

general hospitals and HC IIIs.

Implications for practice, public health and policy

Our study results have implications for practice, public health and policy. These mainly revolve

around expectant females and lactating mothers, their close networks and health providers.
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Understanding the benefits of lifelong ART, early ART initiation, optimal ART adherence,

and HIV status disclosure could heighten uptake of and adherence to ART [56, 57]. Address-

ing barriers to non-adherence such as long distances to health facilities, fear of side effects,

non-disclosure of HIV status to anyone, and perception that the baby is safe from HIV infec-

tion post-delivery is crucial [58, 59] and calls for more time and adequate information during

PMTCT health education and counselling. Additionally, health workers should be cognizant

of challenges women face with uptake and adherence, such as unwillingness and unreadiness

to start lifelong ART, as well as stigma which deters disclosure of HIV positive results, and

should work to adequately counsel and support them.

Ministry of Health should institute appropriate pre-and in-service training, guidelines,

supervision, and mentorship for health workers to enhance quality PMTCT counseling. Fur-

thermore, inadequate counselling due to lack of time and health workers could be addressed

through strategies such as task shifting using peers to address human resource gaps. Finally,

women who are not ready for lifelong ART should be given time and support to accept newly

diagnosed HIV positive status before ART initiation.

Strengths and limitations

To our knowledge, this is among the first studies that has documented detailed day-to-day crit-

ical steps in the preparation and ART initiation such as prescription, uptake, readiness, moti-

vation and early adherence of Option B+ medicines among pregnant women. The study used

data from a prospective cohort of HIV positive expectant females complemented with data

from qualitative interviews. Use of the integrated mixed methods study approach facilitated

greater understanding of issues around prescription, swallowing, and uptake of, and adherence

to lifelong ART among expectant and lactating women. Unfortunately, uptake and adherence

were assessed by self-report which could have introduced social desirability bias. However, the

two outcome variables were measured using a series of questions. In addition previous studies

used self-report while measuring uptake and adherence [22, 60, 61]. Our study had a limitation

of recall bias since we used a 30-days recall method to assess adherence. Nevertheless, prior

studies have used the same technique to measure ART adherence [61–63]. Using individual

interviews might have resulted into social desirability bias but this was minimized by use of

well-trained and experienced data collectors, establishing of rapport, use of probes, conducting

regular debriefing sessions, and research team meetings [64].

Conclusions

Most women received ART prescription on the same day they were diagnosed HIV positive.

Uptake of Option B+ in the first two months after HIV counseling, testing and ART initiation

among females seeking ANC service is high in this setting. However, early adherence to

Option B+ ART remains suboptimal especially in the lower facility. Disclosure of HIV status

and readiness to start ART at time of prescription, a reflection of quality of counseling are

important determinants of optimal adherence. Women still require time to internalize or

accept the newly learnt HIV status and to be provided with more information prior to starting

Option B+ ART.

Supporting information

S1 Appendix. Key informant interview guide.

(PDF)

PLOS ONE What influences uptake and early adherence to Option B+ antiretroviral therapy in Central Uganda?

PLOS ONE | https://doi.org/10.1371/journal.pone.0251181 May 5, 2021 19 / 23

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0251181.s001
https://doi.org/10.1371/journal.pone.0251181


S2 Appendix. In-depth interview guide.

(PDF)

Acknowledgments

The authors appreciate the study participants and the respective in-charges of Masaka RRH,

Mityana GH, Luwero HC IV, Kyanamukaka HC IV, and Ssunga and Katikamu HC IIIs for

their sustained support given to us throughout the study period. Additionally, special thanks

go to the district health office of Masaka, Mityana, and Luwero that provided us with the nec-

essary support to conduct the study. We appreciate the research assistants who carried out

data collection and transcription. Special thanks also go to Mr. Edward Were and Mr. Ronald

Ssenyonga who supported us in data management and analysis.

Author Contributions

Conceptualization: Aggrey David Mukose, Fredrick Makumbi, Esther Buregyeya, Joshua

Musinguzi, Rhoda K. Wanyenze.

Formal analysis: Aggrey David Mukose, Hilde Bastiaens, Fredrick Makumbi, Rhoda K.

Wanyenze.

Funding acquisition: Joshua Musinguzi, Rhoda K. Wanyenze.

Investigation: Aggrey David Mukose, Fredrick Makumbi, Esther Buregyeya, Joshua Musin-

guzi, Rhoda K. Wanyenze.

Methodology: Aggrey David Mukose, Fredrick Makumbi, Esther Buregyeya, Joshua Musin-

guzi, Rhoda K. Wanyenze.

Project administration: Rose Naigino.

Supervision: Hilde Bastiaens, Fredrick Makumbi, Jean-Pierre Van Geertruyden, Rhoda K.

Wanyenze.

Validation: Aggrey David Mukose, Rhoda K. Wanyenze.

Visualization: Aggrey David Mukose, Hilde Bastiaens, Fredrick Makumbi.

Writing – original draft: Aggrey David Mukose.

Writing – review & editing: Aggrey David Mukose, Hilde Bastiaens, Fredrick Makumbi,

Esther Buregyeya, Rose Naigino, Joshua Musinguzi, Jean-Pierre Van Geertruyden, Rhoda

K. Wanyenze.

References
1. UNAIDS. Fact Sheet 2015: Global Statistics. Geneva: 2015.

2. Cleland JG, Ndugwa RP, Zulu EM. Family planning in sub-Saharan Africa: progress or stagnation? Bul-

letin of the World Health Organization. 2011; 89:137–43. https://doi.org/10.2471/BLT.10.077925 PMID:

21346925

3. UNAIDS. Towards an HIV-free generation: Ending the vertical transmission of HIV. Brief. France: 2011.

4. WHO. PMTCT Strategic Vision 2010–2015: Preventing mother-to-child transmission of HIV to reach

the UNGASS and Millennium Development Goals. Geneva, Switzerland: WHO, 2010.

5. UNAIDS. Global Plan Towards the Elimination of New HIV Infections among Children by 2015 and

Keeping their Mothers Alive 2011–2015. 20 Avenue Appia CH-1211 Geneva 27, Switzerland: 2011.

6. UNAIDS. The Gap Report, 2014. 20 Avenue Appia CH-1211 Geneva 27, Switzerland2014.

7. UNAIDS. 2015 Progress report on the Global Plan. 20 Avenue Appia 1211 Geneva 27, Switzerland:

UNAIDS, 2015.

PLOS ONE What influences uptake and early adherence to Option B+ antiretroviral therapy in Central Uganda?

PLOS ONE | https://doi.org/10.1371/journal.pone.0251181 May 5, 2021 20 / 23

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0251181.s002
https://doi.org/10.2471/BLT.10.077925
http://www.ncbi.nlm.nih.gov/pubmed/21346925
https://doi.org/10.1371/journal.pone.0251181


8. WHO. Use of antiretroviral drugs for treating pregnant women and preventing HIV infection in infants

Programmatic update 2012. 20 Avenue Appia, 1211 Geneva 27, Switzerland: 2012.

9. Godfrey E, editor PMTCT Implementation in Uganda: Option B Plus Experience2013; Entebbe,

Uganda2013.

10. Okonji JA, Zeh C, Weidle PJ, Williamson J, Akoth B, Masaba RO, et al. CD4, viral load response, and

adherence among antiretroviral-naive breast-feeding women receiving triple antiretroviral prophylaxis

for prevention of mother-to-child transmission of HIV in Kisumu, Kenya. Journal of acquired immune

deficiency syndromes (1999). 2012; 61(2):249–57.

11. Huang Z, Jin M, Zhou H, Dong Z, Zhang S, Han J, et al. The Uptake of Prevention of Mother-to-Child

HIV Transmission Programs in China: A Systematic Review and Meta-Analysis. PloS one. 2015; 10(8):

e0135068. https://doi.org/10.1371/journal.pone.0135068 PMID: 26308335

12. Tudor Car L, Brusamento S, Elmoniry H, van Velthoven MH, Pape UJ, Welch V, et al. The uptake of

integrated perinatal prevention of mother-to-child HIV transmission programs in low- and middle-income

countries: a systematic review. PloS one. 2013; 8(3):e56550. https://doi.org/10.1371/journal.pone.

0056550 PMID: 23483887

13. Kohler PK, Okanda J, Kinuthia J, Mills LA, Olilo G, Odhiambo F, et al. Community-based evaluation of

PMTCT uptake in Nyanza Province, Kenya. PloS one. 2014; 9(10):e110110. https://doi.org/10.1371/

journal.pone.0110110 PMID: 25360758

14. van Lettow M, Bedell R, Landes M, Gawa L, Gatto S, Mayuni I, et al. Uptake and outcomes of a preven-

tion-of mother-to-child transmission (PMTCT) program in Zomba district, Malawi. BMC public health.

2011; 11:426. https://doi.org/10.1186/1471-2458-11-426 PMID: 21639873

15. Bannink-Mbazzi F, Lowicki-Zucca M, Ojom L, Kabasomi SV, Esiru G, Homsy J. High PMTCT program

uptake and coverage of mothers, their partners, and babies in northern Uganda: achievements and les-

sons learned over 10 years of implementation (2002–2011). Journal of acquired immune deficiency

syndromes (1999). 2013; 62(5):e138–45.

16. Price AJ, Kayange M, Zaba B, Chimbwandira FM, Jahn A, Chirwa Z, et al. Uptake of prevention of

mother-to-child-transmission using Option B+ in northern rural Malawi: a retrospective cohort study.

Sexually transmitted infections. 2014; 90(4):309–14. https://doi.org/10.1136/sextrans-2013-051336

PMID: 24714445

17. Kreitchmann R, Harris DR, Kakehasi F, Haberer JE, Cahn P, Losso M, et al. Antiretroviral adherence

during pregnancy and postpartum in Latin America. AIDS patient care and STDs. 2012; 26(8):486–95.

https://doi.org/10.1089/apc.2012.0013 PMID: 22663185

18. Mellins CA, Chu C, Malee K, Allison S, Smith R, Harris L, et al. Adherence to antiretroviral treatment

among pregnant and postpartum HIV-infected women. AIDS care. 2008; 20(8):958–68. https://doi.org/

10.1080/09540120701767208 PMID: 18608073

19. Nachega JB, Uthman OA, Anderson J, Peltzer K, Wampold S, Cotton MF, et al. Adherence to antiretro-

viral therapy during and after pregnancy in low-income, middle-income, and high-income countries: a

systematic review and meta-analysis. Aids. 2012; 26(16):2039–52. https://doi.org/10.1097/QAD.

0b013e328359590f PMID: 22951634

20. Nassali M, Nakanjako D, Kyabayinze D, Beyeza J, Okoth A, Mutyaba T. Access to HIV/AIDS care for

mothers and children in sub-Saharan Africa: adherence to the postnatal PMTCT program. AIDS care.

2009; 21(9):1124–31. https://doi.org/10.1080/09540120802707467 PMID: 20024771

21. Ickovics JR, Wilson TE, Royce RA, Minkoff HL, Fernandez MI, Fox-Tierney R, et al. Prenatal and post-

partum zidovudine adherence among pregnant women with HIV: results of a MEMS substudy from the

Perinatal Guidelines Evaluation Project. Journal of acquired immune deficiency syndromes. 2002; 30

(3):311–5. https://doi.org/10.1097/00126334-200207010-00007 PMID: 12131568

22. Ebuy H, Yebyo H, Alemayehu M. Level of adherence and predictors of adherence to the Option B+

PMTCT programme in Tigray, northern Ethiopia. International journal of infectious diseases: IJID: offi-

cial publication of the International Society for Infectious Diseases. 2015; 33:123–9. https://doi.org/10.

1016/j.ijid.2014.12.026 PMID: 25529555

23. Kamuyango AA, Hirschhorn LR, Wang W, Jansen P, Hoffman RM. One-year outcomes of women

started on antiretroviral therapy during pregnancy before and after the implementation of Option B+ in

Malawi: A retrospective chart review. World journal of AIDS. 2014; 4(3):332–7. https://doi.org/10.4236/

wja.2014.43039 PMID: 25774326

24. Billioux A, Nakigozi G, Newell K, Chang LW, Quinn TC, Gray RH, et al. Durable Suppression of HIV-1

after Virologic Monitoring-Based Antiretroviral Adherence Counseling in Rakai, Uganda. PloS one.

2015; 10(5):e0127235. https://doi.org/10.1371/journal.pone.0127235 PMID: 26011158

25. WHO. Consolidated Guidelines on the Use of Antiretroviral Drugs for Treating and Preventing HIV

Infection Recommendations for a Public Health Approach Second Edition 2016. 20 Avenue Appia,

1211 Geneva 27, Switzerland: WHO, 2016.

PLOS ONE What influences uptake and early adherence to Option B+ antiretroviral therapy in Central Uganda?

PLOS ONE | https://doi.org/10.1371/journal.pone.0251181 May 5, 2021 21 / 23

https://doi.org/10.1371/journal.pone.0135068
http://www.ncbi.nlm.nih.gov/pubmed/26308335
https://doi.org/10.1371/journal.pone.0056550
https://doi.org/10.1371/journal.pone.0056550
http://www.ncbi.nlm.nih.gov/pubmed/23483887
https://doi.org/10.1371/journal.pone.0110110
https://doi.org/10.1371/journal.pone.0110110
http://www.ncbi.nlm.nih.gov/pubmed/25360758
https://doi.org/10.1186/1471-2458-11-426
http://www.ncbi.nlm.nih.gov/pubmed/21639873
https://doi.org/10.1136/sextrans-2013-051336
http://www.ncbi.nlm.nih.gov/pubmed/24714445
https://doi.org/10.1089/apc.2012.0013
http://www.ncbi.nlm.nih.gov/pubmed/22663185
https://doi.org/10.1080/09540120701767208
https://doi.org/10.1080/09540120701767208
http://www.ncbi.nlm.nih.gov/pubmed/18608073
https://doi.org/10.1097/QAD.0b013e328359590f
https://doi.org/10.1097/QAD.0b013e328359590f
http://www.ncbi.nlm.nih.gov/pubmed/22951634
https://doi.org/10.1080/09540120802707467
http://www.ncbi.nlm.nih.gov/pubmed/20024771
https://doi.org/10.1097/00126334-200207010-00007
http://www.ncbi.nlm.nih.gov/pubmed/12131568
https://doi.org/10.1016/j.ijid.2014.12.026
https://doi.org/10.1016/j.ijid.2014.12.026
http://www.ncbi.nlm.nih.gov/pubmed/25529555
https://doi.org/10.4236/wja.2014.43039
https://doi.org/10.4236/wja.2014.43039
http://www.ncbi.nlm.nih.gov/pubmed/25774326
https://doi.org/10.1371/journal.pone.0127235
http://www.ncbi.nlm.nih.gov/pubmed/26011158
https://doi.org/10.1371/journal.pone.0251181


26. UNAIDS. The AIDS epidemic can be ended by 2030 Geneva, Switzerland: 2016.

27. WHO. End HIV/AIDS by 2030: Framework for action in the WHO African Region, 2016–2020. 2017.

28. Buregyeya E, Naigino R, Mukose A, Makumbi F, Esiru G, Arinaitwe J, et al. Facilitators and barriers to

uptake and adherence to lifelong antiretroviral therapy among HIV infected pregnant women in Uganda:

a qualitative study. BMC pregnancy and childbirth. 2017; 17(1):94. https://doi.org/10.1186/s12884-017-

1276-x PMID: 28320347

29. Naigino R, Makumbi F, Mukose A, Buregyeya E, Arinaitwe J, Musinguzi J, et al. HIV status disclosure

and associated outcomes among pregnant women enrolled in antiretroviral therapy in Uganda: a mixed

methods study. Reproductive Health. 2017; 14(1):107. https://doi.org/10.1186/s12978-017-0367-5

PMID: 28854944

30. Doyle L, Brady A-M, Byrne G. An overview of mixed methods research–revisited. Journal of research in

nursing. 2016; 21(8):623–35.

31. Maxwell JA, Mittapalli K. Realism as a stance for mixed methods research. Handbook of mixed methods

in social & behavioral research. 2010:145–68.

32. Shannon-Baker P. Making paradigms meaningful in mixed methods research. Journal of Mixed Meth-

ods Research. 2016; 10(4):319–34.

33. Creswell JW, Plano Clark VL. Designing and Conducting Mixed Methods Research. Thousand Oaks,

CA: SAGE2011.

34. Creswell JW, Plano Clark VL, Gutmann ML, Hanson WE. Advanced mixed methods research designs.

Handbook of mixed methods in social and behavioral research. 2003; 209:240.

35. Creswell JW. Research Design: Qualitative, Quantitative and Mixed Approaches. Fourth ed. Markanich

M, editor. California, USA: SAGE; 2014.

36. Mukose AD, Bastiaens H, Buregyeya E, Naigino R, Makumbi F, Musinguzi J, et al. Health Provider Per-

spectives of Health Facility Preparedness and Organization in Implementation of Option B+ among

Pregnant and Lactating Women in Central Uganda: A Qualitative Study. Journal of the International

Association of Providers of AIDS Care (JIAPAC). 2019; 18:2325958219833930. https://doi.org/10.

1177/2325958219833930 PMID: 30836827

37. MOH. Consolidated Guidelines for Prevention and Treatment of HIV in Uganda. In: ACP, editor. Kam-

pala, Uganda: MOH; 2016. p. 154.

38. Turan JM, Nyblade L. HIV-related Stigma as a Barrier to Achievement of Global PMTCT and Maternal

Health Goals: A Review of the Evidence. AIDS and behavior. 2013; 17(7):2528–39. https://doi.org/10.

1007/s10461-013-0446-8 PMID: 23474643

39. Ahmed S, Kim MH, Abrams EJ. Risks and benefits of lifelong antiretroviral treatment for pregnant and

breastfeeding women: a review of the evidence for the Option B+ approach. Current Opinion in HIV and

AIDS. 2013; 8(5):474–89. https://doi.org/10.1097/COH.0b013e328363a8f2 PMID: 23925003

40. Aizire J, G Fowler M, M Coovadia H. Operational issues and barriers to implementation of prevention of

mother-to-child transmission of HIV (PMTCT) interventions in Sub-Saharan Africa. Current HIV

Research. 2013; 11(2):144–59. https://doi.org/10.2174/1570162x11311020007 PMID: 23432490

41. Mannheimer S, Friedland G, Matts J, Child C, Chesney M. The consistency of adherence to antiretrovi-

ral therapy predicts biologic outcomes for human immunodeficiency virus-infected persons in clinical tri-

als. Clinical infectious diseases: an official publication of the Infectious Diseases Society of America.

2002; 34(8):1115–21. https://doi.org/10.1086/339074 PMID: 11915001

42. Cheek J. An untold story? Doing funded qualitative research: Sage Publications; 2000.

43. Guest G, Bunce A, Johnson L. How many interviews are enough? An experiment with data saturation

and variability. Field methods. 2006; 18(1):59–82.

44. Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sectional studies: an empirical com-

parison of models that directly estimate the prevalence ratio. BMC medical research methodology.

2003; 3(1):21. https://doi.org/10.1186/1471-2288-3-21 PMID: 14567763

45. Bradley EH, Curry LA, Devers KJ. Qualitative Data Analysis for Health Services Research: Developing

Taxonomy, Themes, and Theory. Health Services Research. 2007; 42(4):1758–72. https://doi.org/10.

1111/j.1475-6773.2006.00684.x PMID: 17286625

46. Crabtree BFM, William L. Doing qualitative research. 2nd ed. Thousand Oaks, Calif.; London: SAGE;

1999.

47. Uganda National Council for Science and Technology (UNCST). 2014. National Guidelines for

Research involving Humans as Research Participants., (2014).

48. MoH. Uganda Population-Based HIV Impact Assessment (UPHIA) 2016–2017. MOH Uganda; 2017.

49. Stranix-Chibanda L, Brummel S, Pilotto J, Mutambanengwe M, Chanaiwa V, Mhembere T, et al. Slow

Acceptance of Universal Antiretroviral Therapy (ART) Among Mothers Enrolled in IMPAACT PROMISE

PLOS ONE What influences uptake and early adherence to Option B+ antiretroviral therapy in Central Uganda?

PLOS ONE | https://doi.org/10.1371/journal.pone.0251181 May 5, 2021 22 / 23

https://doi.org/10.1186/s12884-017-1276-x
https://doi.org/10.1186/s12884-017-1276-x
http://www.ncbi.nlm.nih.gov/pubmed/28320347
https://doi.org/10.1186/s12978-017-0367-5
http://www.ncbi.nlm.nih.gov/pubmed/28854944
https://doi.org/10.1177/2325958219833930
https://doi.org/10.1177/2325958219833930
http://www.ncbi.nlm.nih.gov/pubmed/30836827
https://doi.org/10.1007/s10461-013-0446-8
https://doi.org/10.1007/s10461-013-0446-8
http://www.ncbi.nlm.nih.gov/pubmed/23474643
https://doi.org/10.1097/COH.0b013e328363a8f2
http://www.ncbi.nlm.nih.gov/pubmed/23925003
https://doi.org/10.2174/1570162x11311020007
http://www.ncbi.nlm.nih.gov/pubmed/23432490
https://doi.org/10.1086/339074
http://www.ncbi.nlm.nih.gov/pubmed/11915001
https://doi.org/10.1186/1471-2288-3-21
http://www.ncbi.nlm.nih.gov/pubmed/14567763
https://doi.org/10.1111/j.1475-6773.2006.00684.x
https://doi.org/10.1111/j.1475-6773.2006.00684.x
http://www.ncbi.nlm.nih.gov/pubmed/17286625
https://doi.org/10.1371/journal.pone.0251181


Studies Across the Globe. AIDS and behavior. 2019; 23(9):2522–31. https://doi.org/10.1007/s10461-

019-02624-3 PMID: 31399793

50. Okawa S, Chirwa M, Ishikawa N, Kapyata H, Msiska CY, Syakantu G, et al. Longitudinal adherence to

antiretroviral drugs for preventing mother-to-child transmission of HIV in Zambia. BMC pregnancy and

childbirth. 2015; 15:258. https://doi.org/10.1186/s12884-015-0697-7 PMID: 26459335

51. Hosseinipour M, Nelson JAE, Trapence C, Rutstein SE, Kasende F, Kayoyo V, et al. Viral Suppression

and HIV Drug Resistance at 6 Months Among Women in Malawi’s Option B+ Program: Results From

the PURE Malawi Study. Journal of acquired immune deficiency syndromes (1999). 2017; 75 Suppl 2:

S149–s55. https://doi.org/10.1097/QAI.0000000000001368 PMID: 28498184

52. UNAIDS. Undetectable = Untransmittable. Public health and HIV Viral Load Suppression. 2018.

53. Nachega JB, Uthman OA, Peltzer K, Richardson LA, Mills EJ, Amekudzi K, et al. Association between

antiretroviral therapy adherence and employment status: systematic review and meta-analysis. Bulletin

of the World Health Organization. 2014; 93:29–41. https://doi.org/10.2471/BLT.14.138149 PMID:

25558105

54. Peltzer K, Pengpid S. Socioeconomic factors in adherence to HIV therapy in low-and middle-income

countries. Journal of health, population, and nutrition. 2013; 31(2):150. https://doi.org/10.3329/jhpn.

v31i2.16379 PMID: 23930333

55. Azmach NN, Hamza TA, Husen AA. Socioeconomic and demographic statuses as determinants of

adherence to antiretroviral treatment in HIV infected patients: A systematic review of the literature. Cur-

rent HIV research. 2019; 17(3):161–72. https://doi.org/10.2174/1570162X17666190919130229 PMID:

31538899

56. Lumbantoruan C, Kermode M, Giyai A, Ang A, Kelaher M. Understanding women’s uptake and adher-

ence in Option B+ for prevention of mother-to-child HIV transmission in Papua, Indonesia: A qualitative

study. PloS one. 2018; 13(6):e0198329. https://doi.org/10.1371/journal.pone.0198329 PMID:

29912960

57. Ross AJ, Aung M, Campbell L, Ogunbanjo GA. Factors that positively influence adherence to antiretro-

viral therapy by HIV and/or AIDS patients and their caregivers. African Journal of Primary Health Care &

Family Medicine. 2011; 3(1).

58. Wasti SP, Simkhada P, Randall J, Freeman JV, van Teijlingen E. Factors Influencing Adherence to Anti-

retroviral Treatment in Nepal: A Mixed-Methods Study. PloS one. 2012; 7(5):e35547. https://doi.org/10.

1371/journal.pone.0035547 PMID: 22563464

59. Curioso WH, Kepka D, Cabello R, Segura P, Kurth AE. Understanding the facilitators and barriers of

antiretroviral adherence in Peru: a qualitative study. BMC public health. 2010; 10(1):1–8. https://doi.org/

10.1186/1471-2458-10-13 PMID: 20070889

60. Tsegaye D, Deribe L, Wodajo S. Levels of adherence and factors associated with adherence to option

B+ prevention of mother-to-child transmission among pregnant and lactating mothers in selected gov-

ernment health facilities of South Wollo Zone, Amhara Region, northeast Ethiopia, 2016. Epidemiology

and Health. 2016; 38:e2016043. https://doi.org/10.4178/epih.e2016043 PMID: 27733034

61. Phillips T, Cois A, Remien RH, Mellins CA, McIntyre JA, Petro G, et al. Self-Reported Side Effects and

Adherence to Antiretroviral Therapy in HIV-Infected Pregnant Women under Option B+: A Prospective

Study. PloS one. 2016; 11(10):e0163079. https://doi.org/10.1371/journal.pone.0163079 PMID:

27760126

62. Psaros C, Smit JA, Mosery N, Bennett K, Coleman JN, Bangsberg DR, et al. PMTCT Adherence in

Pregnant South African Women: The Role of Depression, Social Support, Stigma, and Structural Barri-

ers to Care. Annals of Behavioral Medicine. 2020; 54(9):626–36. https://doi.org/10.1093/abm/kaaa005

PMID: 32128556

63. Byakika-Tusiime J, Crane J, Oyugi JH, Ragland K, Kawuma A, Musoke P, et al. Longitudinal antiretrovi-

ral adherence in HIV+ Ugandan parents and their children initiating HAART in the MTCT-Plus family

treatment model: role of depression in declining adherence over time. AIDS and behavior. 2009; 13

(1):82–91. https://doi.org/10.1007/s10461-009-9546-x PMID: 19301113
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