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Abstract

Peer support services are increasingly being integrated in programmes for the prevention of

mother-to-child HIV transmission (PMTCT). We aimed to evaluate the effect of a peer-

mother interactive programme on PMTCT outcomes among pregnant women on anti-retro-

viral treatment (ART) in routine healthcare in Dar es Salaam, Tanzania. Twenty-three health

facilities were cluster-randomized to a peer-mother intervention and 24 to a control arm. We

trained 92 ART experienced women with HIV to offer peer education, adherence and psy-

chosocial support to women enrolling in PMTCT care at the intervention facilities. All preg-

nant women who enrolled in PMTCT care at the 47 facilities from 1st January 2018 to 31st

December 2019 were identified and followed up to 31st July 2021. The primary outcome

was time to ART attrition (no show >90 days since the scheduled appointment, excluding

transfers) and any difference in one-year retention in PMTCT and ART care between inter-

vention and control facilities. Secondary outcomes were maternal viral suppression (<400

viral copies/mL) and mother-to-child HIV transmission (MTCT) by�12 months post-partum.

Analyses were done using Kaplan Meier and Cox regression (ART retention/attrition), gen-

eralized estimating equations (viral suppression) and random effects logistic regression

(MTCT); reporting rates, proportions and 95% confidence intervals (CI). There were 1957

women in the peer-mother and 1384 in the control facilities who enrolled in routine PMTCT

care during 2018–2019 and were followed for a median [interquartile range (IQR)] of 23 [10,

31] months. Women in both groups had similar median age of 30 [IQR 25, 35] years, but dif-

fered slightly with regard to proportions in the third pregnancy trimester (14% versus 19%);
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advanced HIV (22% versus 27%); and ART naïve (55% versus 47%). Peer-mother facilities

had a significantly lower attrition rate per 1000 person months (95%CI) of 14 (13, 16) versus

18 (16, 19) and significantly higher one-year ART retention (95%CI) of 78% (76, 80) versus

74% (71, 76) in un-adjusted analyses, however in adjusted analyses the effect size was not

statistically significant [adjusted hazard ratio of attrition (95%CI) = 0.85 (0.67, 1.08)]. Viral

suppression (95%CI) was similar in both groups [92% (91, 93) versus 91% (90, 92)], but sig-

nificantly higher among ART naïve women in peer-mother [91% (89, 92)] versus control

[88% (86, 90)] facilities. MTCT (95%CI) was similar in both groups [2.2% (1.4, 3.4) versus

1.5% (0.7, 2.8)]. In conclusion, we learned that integration of peer-mother services in routine

PMTCT care improved ART retention among all women and viral suppression among ART

naïve women but had no significant influence on MTCT.

Introduction

Use of lifelong anti-retroviral treatment (ART) for all pregnant and breastfeeding women with

HIV regardless of immunologic or clinical disease status, also known as the WHO Option B

+ recommendation of 2012 [1], has been a major game changer in the efforts to end the HIV

epidemic in children. Use of lifelong ART is known to reduce mother-to-child transmission of

HIV (MTCT) to less than 5% in breastfeeding populations and less than 2% in non-breastfeed-

ing populations [1]. Later on, in 2015, the WHO recommended universal ART coverage to all

people living with HIV [2], which provided further momentum in efforts to end the AIDS epi-

demic. Nevertheless in 2020 the estimates of MTCT in the 21 focus countries in Africa with

the highest burden of the HIV epidemic, remained unacceptably high at 10.4%, despite 89%

ART coverage among pregnant women with HIV [3]. Barriers to successful Prevention of

MTCT (PMTCT) in women on lifelong ART include: delayed start of antenatal care (ANC),

late HIV diagnosis/enrolment to ART care, incident HIV infections during pregnancy/breast-

feeding, sub-optimal ART adherence, attrition from ART care, and low uptake of final infant

HIV testing [3]. In particular, challenges of retention and adherence to ART have been among

long-standing concerns ever since the roll-out of lifelong ART for all pregnant women with

HIV for PMTCT and later all people living with HIV [4–9]. These concerns were driven, in

part, by the uncertainty as to whether pregnant women diagnosed with asymptomatic HIV

during routine HIV testing as part of ANC, would have the motivation to adhere to lifelong

ART and remain in care long-term [6–8]. Retention (here defined as attendance within 90

days of appointment) as low as 76% at 12 months has been reported in a meta-analysis of 22

studies, conducted in the era of lifelong ART for all women in PMTCT care, across 8 African

countries involving 60,890 women [4]. This meta-analysis also highlighted low retention two

to three years after enrolment in PMTCT care ranging from 41% to 74%, in studies that had

two or more years of follow-up, a period that corresponds to the end of PMTCT follow-up [4].

Peer support services have been widely in use to mitigate barriers of uptake, adherence and

outcomes in HIV and PMTCT services in low- and middle-income countries [10–12]. The

motivation for peer support services has been partly driven by challenges of human resource

shortages in understaffed overburdened health care systems, and also the demand for counsel-

ling, adherence and psychosocial support among women receiving PMTCT care [10, 13–17].

Although there is rich qualitative literature on the engagement of peer-mothers in PMTCT

care [14, 18–20], the literature remains scarce on quantitative evaluation of the effect of peer-

mothers on PMTCT outcomes, specifically ART adherence and retention, viral suppression
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and MTCT, in the era of lifelong ART for PMTCT [10–12, 21]. Furthermore, few available

studies indicate mixed results with some highlighting modest benefit and others reporting

non-statistically significant effect of peer-mother engagement on PMTCT outcomes [22–24].

Our study, therefore, aimed to evaluate the effect of a peer-mother interactive programme,

involving innovative peer support services, to address challenges of retention and adherence to

ART and MTCT among women on lifelong ART for PMTCT in routine healthcare settings.

Methods

Ethics statement

This study was approved by the ethical review boards of Muhimbili University of Health and

Allied Sciences, ref. 2017-06-28/AEC/Vol.XII/83, and the Tanzania National Institute for

Medical Research, ref. NIMR/HQ/R.8a/Vol.IX/2594. Informed consent was waived on the

basis that the study used anonymized data from electronic routine healthcare records.

Study design and setting

We conducted a cluster randomized implementation study in routine healthcare settings (pro-

viding day-to-day clinical PMTCT care) of Dar es Salaam, Tanzania. Dar es Salaam is the larg-

est and main commercial city of Tanzania with a population of over five million people and an

adult HIV prevalence of 4.3% per the 2016/17 Tanzania HIV impact survey [25, 26]. During

the study period, the city was providing ART care to about 180,000 people living with HIV and

registered about 170,000 new pregnant women in ANC services annually with an HIV positiv-

ity among ANC attendees of 5.0% in 2018/19 [27]. Our study capitalized on and was embed-

ded in the planned scale-up of two interventions–peer-mother adherence support and male

involvement in ANC/PMTCT services–that had been implemented as part of efforts to

improve PMTCT outcomes in routine care across 29 public health facilities in Dar es Salaam

but their impact had not been adequately assessed. This scale-up was led by the Management

and Development for Health (MDH), a non-governmental organization supporting HIV pre-

vention care and treatment services in 224 health facilities in Dar es Salaam at that time, and

across Tanzania. A sub-set of 70 public health facilities with at least 5 clients in PMTCT care

between 1st October 2015 and 30th September 2016 was identified (Fig 1) for the scale-up and

this evaluation study. A computer-generated random sequence in Stata was used to block-ran-

domize these 70 facilities to 23 peer-mother, 23 male involvement (not part of this paper) and

24 control facilities (Fig 1). Randomization blocks used were: administrative districts (Ilala,

Kinondoni and Temeke) and PMTCT client volume (less than 20 versus 20 or more women)

at that time.

In Tanzania, PMTCT is integrated with ANC and provided under one roof as standard of

care. All pregnant women found to be HIV positive at ANC, are enrolled in PMTCT care and

started on lifelong ART on the day of HIV diagnosis, or, those with known HIV are encour-

aged to continue taking their ART. Since 2019, the default adult (including pregnant women)

first-line ART regimen backbone in Tanzania changed to an integrase inhibitor-based regimen

containing dolutegravir (DTG). Patients who were on the first-line ART containing non-

nucleoside reverse transcriptase inhibitor (NNRTI) were gradually transitioned to DTG regi-

mens from 2019 and onwards. Protease inhibitors (PIs) are backbone regimens for second-

line ART. All PMTCT clients are followed up through monthly ANC-PMTCT visits for: clini-

cal and laboratory monitoring; ART refills; counselling on adherence, infant feeding and Early

Infant Diagnosis of HIV (EID); and other antenatal/ postnatal care services. As part of routine

care, women who miss their scheduled PMTCT follow-up visit by three or more days are

traced via phone call by a health care provider (HCP) and, when unsuccessful, a home visit by
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a community health worker (CHW). These women are declared as lost to follow-up after at

least three unsuccessful tracking efforts over 90 days. Viral load monitoring is done at first

ANC visit for women already on ART, and three months after starting ART for women new

on ART, then six-monthly until cessation of breastfeeding, and thereafter once annually.

Women with high viral loads (1000 or more copies per mL) are offered enhanced adherence

counselling, repeat viral load testing after three months and are switched to second line ART

upon persistent high viral load. At birth, infants born to women with HIV, i.e. HIV Exposed

Infants (HEIs) are given daily nevirapine prophylaxis for six weeks, with addition of zidovu-

dine for high risk HEI (born to mothers on ART for less than four weeks or with high viral

load). At six weeks, HEI receive their first HIV test for EID using DNA-polymerase chain reac-

tion (PCR), started on daily co-trimoxazole prophylaxis and enrolled on monthly mother-

infant follow-up. Follow-up for the mother and infant in PMTCT care goes on for up to two

years post-partum unless the infant is diagnosed with HIV infection, at which point the infant

and mother are transitioned to routine ART care. Infants who are not HIV infected are dis-

charged after a negative HIV antibody test by 18 months of age. All HIV patients in Tanzania,

are issued national HIV care and treatment clinic (CTC) unique identification (ID) numbers,

known as CTC-ID. The CTC-ID is used to register, record and manage ART/ PMTCT care of

all HIV patients using health facility charts (CTC2 cards) and the national electronic CTC2

database, as well as identify/link patients across facilities upon transfer of care. The HEI are

also issued unique IDs and registered in HEI cards, linked to their mother’s CTC-ID, which is

used to record and manage their care including EID tests.

Fig 1. Study flow diagram. �Enrolment period = 1st January 2018 to 31st December 2019; Follow-up to 31st July 2021.
†MTCT status by 12 or more months post-partum. Abbreviations: PMTCT = prevention of mother-to-child

transmission of HIV, MTCT = mother-to-child transmission of HIV.

https://doi.org/10.1371/journal.pgph.0000256.g001
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The study population included all pregnant women with HIV (new, previously diagnosed,

and, transfers), and later their infants, enrolling in routine PMTCT care at peer-mother and

control facilities between 1st January 2018 to 31st December 2019, in total 1957 women in

peer-mother facilities and 1384 women in control facilities (Fig 1). Study participants were fol-

lowed up until 31st July 2021 with a median [interquartile range (IQR)] follow up of 23 [10, 31]

months in both groups.

Description of the intervention

The peer-mother interactive programme was built upon the foundations of the NAMWEZA

approach, pioneered by researchers in Uganda and Tanzania [28]. NAMWEZA (a term

derived from Swahili words meaning “Yes, together we can”) is a peer-based participatory

approach built on the framework and principles of appreciative inquiry, which entails the use

of appreciative conversations and relationships to influence attitudes, behaviours and practices

[28, 29]. The NAMWEZA approach employs appreciative conversations, clarification of val-

ues, strengthening assertiveness, reflection and envisioning of the future to: stimulate dialogue;

impart knowledge; restore self-esteem and self-efficacy; reinforce a positive attitude towards

health and life and empower persons with HIV to become positive change agents to their peers

and in the community [28]. The approach also draws upon Albert Bandura’s social cognitive

theory, which describes the dynamic interaction between an individual, her/his environment

and behaviour, and how self-efficacy and social structural support influences sustainable

behaviour change in this context [30]. Our study hypothesized that the NAMWEZA-trained

peer-mothers could be employed to mitigate barriers that hinder optimal ART adherence,

retention and PMTCT among pregnant women with HIV enrolling in PMTCT care, such as

HIV stigma, inadequate motivation to adhere to lifelong ART and inadequate psychosocial

support.

At baseline, in July 2017, inception meetings were conducted with local government health

management teams and HCPs from the 23 peer-mother facilities to sensitize and orient key

stakeholders on the intervention. These HCPs were thereafter asked to recruit two to ten

potential peer-mother candidates per intervention facility from among experienced PMTCT

clients who had been on ART for at least six months and were willing and able to share their

experience with others. A total of 180 women were recruited and trained (in groups of 15 to 40

women) on the basics of HIV, ART, PMTCT and peer-mother support services using the

NAMWEZA approach and trainers. The trainings took place from August 2017 to February

2018 and comprised of ten sessions spaced out once weekly for ten weeks to allow time for

reflection after each session. After training, 92 peer-mothers (one to eight per facility) who

demonstrated good comprehension and competency on the peer-mother services during the

training, were deployed back to their facilities to implement the peer-mother initiative (as each

respective group completed the 10 weeks of training) starting from January 2018. Deployed

peer-mothers were given a monthly stipend for transport and communication of about USD

65, equivalent to the average stipend rate for lay cadres at MDH and across Tanzania, to sup-

port them to attend their PMTCT clinics at least two to three days per week for peer-mother

services. Peer-mothers were attached to a focal PMTCT HCP at her clinic for onsite mentor-

ship and support, and were visited at least once monthly for continued mentorship, supervi-

sion and support at least in the first year of the peer-mother intervention. At the PMTCT

clinics, peer-mothers offered health education on ART/PMTCT care and reached out to new

PMTCT clients for individualized dialogue, health education, adherence support and follow-

up. The dialogues focused on assisting new PMTCT clients to understand and accept their

HIV status, identify and address stigma, restore self-esteem and self-value, prepare to safely
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disclose HIV status to their partners, and provide adherence support as needed. The peer-

mothers also facilitated creation of seven peer support groups for women living with HIV that

met once to three times quarterly to share experience and educate each other on PMTCT and

peer support services. At these peer support groups peer-mothers also collaborated with each

other in small group savings and lending services, commonly known as village community

bank (VICOBA) to support each other on socio-economic needs/activities. During the course

of the study, 10% to 20% of peer-mothers dropped-out per year, mainly due to transferring

care or opting out of peer-mother services, hence replacements and optimization was done

with a focus towards having a smaller skilled and efficient team of peer-mothers. The optimi-

zation was done by strengthening follow-up, mentorship and monitoring of the peer-mother’s

work and deliverables. Furthermore, during the period of April to October 2020, in response

to the first wave of the COVID19 pandemic, peer-mother services were temporarily suspended

and resumed in November 2020. Therefore, at study endpoint in July 2021 a total of 35 peer-

mothers remained active within the peer-mother intervention across the 23 study facilities.

At control facilities standard of care was provided which entailed routine PMTCT care

described above, with adherence support offered by HCPs and tracing of clients who miss

appointment by HCPs and CHWs.

The primary study outcome was time to ART attrition from the day of enrolment in

PMTCT and ART care in index pregnancy, over the entire three and a half years of follow-up,

and the corresponding percent one-year retention in PMTCT and ART care. We defined ART

attrition (event of interest) as women who discontinued ART for any reasons including death,

stopping ART for more than 90 consecutive days, or loss to follow-up (no show for more than

90 consecutive days since scheduled appointment among non-transfers) at any point during fol-

low-up. One-year retention in PMTCT and ART care was defined as being alive and picking

ART within 90 days of scheduled appointment in the first twelve months of PMTCT care,

excluding documented transfers. For women who did not have a documented next appoint-

ment date, we adjusted our loss to follow-up definition to “no show for more than 180 consecu-

tive days since last clinical/ART refill visit”, based on maximum allowable appointment spacing

per national ART guidelines in Tanzania. As secondary outcomes we analysed viral suppression

(<400 viral copies per mL) from among women with viral load data and MTCT by 12 months,

i.e. infants with a positive HIV test from among mother-infant pairs with an MTCT status by 12

or more months post-partum (i.e. excluding HIV negative infant tests before 12 months of age).

All study participants were included in the primary outcome (attrition) analysis whereas the

secondary outcome analyses included only women with documented outcomes of interest.

Therefore, 1564 (79.9%) women in the peer-mother and 1073 (77.5%) in the control facilities

with viral load data were included in the viral suppression analysis and 1022 (52.2%) women in

the peer-mother and 725 (52.4%) in the control facilities with data on infant HIV status by 12

months or more, were included in the MTCT outcome analysis (Fig 1).

Data collection

Study data was extracted from the national electronic CTC2 database. Extracted data included:

the woman’s: date of birth; dates of HIV diagnosis, PMTCT enrolment and ART initiation;

gestational age, clinical HIV disease stage and CD4 count and ART regimen at PMTCT enrol-

ment; as well as viral load results. Infant data included infant date of birth, follow-up status

and EID test result. We also collected data on facility level attributes including annual volume

of PMTCT clients, and coverage of couple ANC attendance and HIV testing at ANC.

Data analysis followed intention to treat protocol. We used Stata Software version 15 for all

our statistical analyses. Continuous variables were summarized by medians and IQR, then
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categorized based on clinical relevance, and categorical variables were summarized by propor-

tion. We assessed the balance of randomization between intervention and control facilities

using the Chi-square test. Time to ART attrition based on a single failure per subject (the pri-

mary outcome) and the corresponding proportion of women retained in the first year of

PMTCT care were analysed using the Kaplan Meier estimator in unadjusted analysis [31].

Women with documented transfer outside of the study facilities were right censored on the

date of their last visit as non-attrition. Women who did not have a follow-up period, i.e. made

only one visit or experienced a failure event on their first visit, were assigned a 0.1-day of fol-

low-up so as to retain them in the survival analyses. All participants were censored at the end

of follow-up on 31st July 2021.We plotted Kaplan Meier survival (ART retention) curves across

months since enrolment in PMTCT care and used the log rank test to make crude compari-

sons of attrition rates and the proportion of women retained in peer-mother versus control

facilities. We then performed un-adjusted sub-group analyses of one-year ART retention by

women’s baseline characteristics, using the Kaplan Meier estimator, comparing peer-mother

versus control facilities using the log rank test (Table 2). Thereafter, we performed a multivari-

able Cox proportional hazard regression with shared frailties [31], adjusting for clustering at

health facilities and the baseline imbalances after randomization (using all maternal variables

in Table 1), to compare adjusted hazards of attrition among women in the intervention versus

control facilities (S1 Table). For virological suppression (a secondary outcome) we used binary

Poisson generalized estimating equations (GEE) with robust error variance, to compare the

proportion of women who were virally suppressed (less than 400 viral copies/mL) on repeated

measures of viral load tests over time, in peer-mother versus control facilities. We also per-

formed sub-group analyses of viral suppression by baseline characteristics comparing peer-

mother and control facilities using predicted probabilities of viral suppression from bivariable

Poisson GEE regression models. Thereafter we performed a multivariable GEE regression of

the risk of virologic failure in peer-mother versus control facilities adjusting for baseline imbal-

ances after randomization. For MTCT risk (secondary outcome), we used random effects mul-

tivariable logistic regression, adjusting for clustering at health facilities and baseline

imbalances after randomization, to compare MTCT risks by 12 months in peer-mother versus

control facilities. Across these analyses we report: attrition rate, hazard ratio (HR) of attrition

and proportion of women retained; proportion of women virally suppressed; proportion of

mother-infant pairs with MTCT and odds ratio (OR) of MTCT; as well as their corresponding

95% confidence intervals (CI).

Results

Baseline characteristics

Table 1 compares baseline characteristics of the 1957 women in peer-mother versus the 1384

women in control facilities who started PMTCT care between 1st January 2018 to 31st Decem-

ber 2019. Both the women’s age and the proportions of female infants was similar in the peer-

mother and control facilities (Table 1). However, among women with data, slightly fewer

(14.5%; 247 out of 1172) in peer-mother facilities compared to 18�9% (222 out of 1172) in con-

trol facilities were in third trimester of pregnancy. Also, peer-mother facilities had slightly

fewer women with advanced HIV i.e. 22�3% versus 27�2% in control facilities, and fewer

women who started ART before pregnancy i.e. 45�1% versus 52�6% in control facilities.

Retention in PMTCT care

By the end of the study follow-up period, 305 (15.6%) women in peer-mother versus 218

women (15.8%) in control facilities had transferred out to other facilities, and ART attrition
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occurred in 543 (27.7%) women in the peer-mother versus 453 (32.7%) in the control facilities.

A major driver of ART attrition was loss to follow-up, occurring in 515 (26.3%) women in

peer-mother and 437 (31.2%) women in control facilities. The unadjusted attrition rate (95%

CI) per 1000 person months over the entire 3.5 years of follow-up was lower in peer-mother

facilities [14.3 (13.1, 15.5)] compared to control facilities [17.6 (16.0, 19.3)], unadjusted HR

(95%CI) = 0.82 (0.67, 0.94). The attrition rate per 1000 person months in peer-mother versus

control facilities had a more pronounced difference among ART naïve women [22.4 versus

32.0, p = 0.0005] than ART experienced women [7.5 versus 9.9, p = 0.011].

Table 1. Baseline characteristics of pregnant women who enrolled in PMTCT care peer-mother (N = 1957) versus control (N = 1384) health facilities.

Characteristic Health facility randomization status P value

Peer-mother: n (%) Control: n (%)

Patients characteristics

Maternal age, years 0�31

<20 76 (3�9) 67 (4�8)

20–29 868 (44�4) 592 (42�8)

30–39 904 (46�2) 634 (45�8)

�40 109 (5�6) 91 (6�6)

Gestational age, weeks 0�0055

<13 (first trimester) 365/ 1709 (21�4) 231/ 1172 (19�7)

13–27 (second trimester) 1097/ 1709 (64�2) 719/ 1172 (61�4)

�28 (third trimester) 247/ 1709 (14�5) 222/ 1172 (18�9)

Advanced HIV disease� 0�0011

no 1520 (77�7) 1007 (72�8)

yes 437 (22�3) 377 (27�2)

ART status <0�0001

On ART before PMTCT care 882 (45�1) 728 (52�6)

Starting ART at/ after PMTCT care 1075 (54�9) 655 (47�3)

Did not start ART 1 (0�1)

ART regimen backbone 0�0033

NNRTI 1770 (90�4) 1296 (93�6)

PI 65 (3�3) 25 (1�8)

DTG 122 (6�2) 62 (4�5)

Did not start ART 1 (0�1)

Infant sex 0�62

male 704/ 1350 (52�2) 492/ 963 (51�1)

female 646/ 1350 (47�9) 471/ 963 (48�9)

Health facility attributes

PMTCT client Volume, women/year <0�0001

1–12 105 (5�4) 101 (7�3)

13–60 797 (40�7) 770 (55�6)

61–363 1055 (53�9) 513 (37�1)

Percent couple HIV testing at ANC 0�26

<50 1180 (60�3) 861 (62�2)

�50 777 (39�7) 523 (37�8)

�WHO stage III/ IV or CD4 count <200cells/μL; p values were calculated using the χ2 test.

Abbreviations: PMTCT = prevention of mother-to-child transmission of HIV; ART = anti-retroviral treatment; NNRTI = non-nucleoside reverse transcriptase

inhibitors; PI = protease inhibitors, DTG = dolutegravir. HIV = human immune deficiency virus; WHO = World Health Organization; CD = cluster of differentiation;

ANC = antenatal care.

https://doi.org/10.1371/journal.pgph.0000256.t001
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In the Kaplan Meier survival analysis, retention on ART in the first year of PMTCT care

was significantly higher among women in peer-mother (78.0%) than control (73.6%) facilities,

(Fig 2A and Table 2). The effect of the peer-mother intervention on ART retention was more

pronounced among women who were ART naïve at baseline (Fig 2B), resulting in 9.1 percent-

age points higher retention in the first year of PMTCT care in peer-mother versus control

facilities whereas among ART experienced women the effect size was 3.3 percentage points

(Table 2). Significantly higher one-year retention in peer-mother compared to control facilities

was also observed in sub-groups of women aged 30–39 years old, women with early stage HIV

disease and women on NNRTI regimen (Table 2). In the adjusted multivariable Cox regression

(S1 Table), the hazard of ART attrition was lower but non-statistically significant in peer-

mother compared to control facilities, adjusted HR (95%CI) = = 0.85 (0.67, 1.08).

Table 2. Retention on ART in the first year of PMTCT care among women in peer-mother (N = 1957) versus con-

trol (N = 1384) facilities.

Baseline characteristic Health facility randomization status

Peer-mother: % (95%CI) Control: % (95%CI) P value

Patients characteristics

Maternal age, years

<20 59.7 (46.5, 70.7) 59.1 (45.2, 70.6) 0.86

20–29 71.9 (68.6, 74.9) 67.8 (63.6, 71.6) 0.16

30–39 84.1 (81.5, 86.4) 78.7 (75.3, 81.8) 0.014

40+ 84.5 (75.9, 90.2) 84.0 (74.5, 90.2) 0.78

Gestational age, weeks

<13 (first trimester) 83.1 (78.7, 86.7) 80.7 (74.7, 85.4) 0.65

13–27 (second trimester) 78.1 (75.5, 80.5) 74.0 (70.5, 77.1) 0.058

�28 (third trimester) 74.5 (68.3, 79.7) 74.2 (67.7, 79.5) 0.98

Advanced HIV disease�

no 75.5 (73.2, 77.7) 68.7 (65.6, 71.6) 0.0009

yes 86.1 (82.4, 89.1) 85.7 (81.7, 88.9) 0.80

ART status

On ART before PMTCT care 88.4 (86.1, 90.4) 85.1 (82.3, 87.5) 0.050

Starting ART at/ after PMTCT care 68.8 (65.7, 71.6) 59.7 (55.5, 63.6) 0.0010

ART regimen backbone

NNRTI 77.5 (75.4, 79.4) 72.9 (70.3, 75.3) 0.011

PI 93.5 (83.7, 97.5) 87.0 (64.8, 95.6) 0.30

DTG 76.8 (68.1, 83.5) 83.9 (72.1, 91.0) 0.30

Health facility attributes

PMTCT client volume, women/ year

1–12 68.1 (57.8, 76.4) 59.6 (48.9, 68.8) 0.24

13–60 75.4 (72.1, 78.4) 70.4 (66.9, 73.7) 0.052

61–363 80.8 (78.2, 83.1) 80.7 (76.9, 83.9) 0.99

Percent couple HIV testing at ANC

<50 78.1 (75.5, 80.4) 73.9 (70.7, 76.8) 0.054

�50 77.7 (74.5, 80.6) 73.3 (69.1, 77.0) 0.079

�WHO stage III/ IV or CD4 count <200cells/μL; p values derived from the log rank test.

Abbreviations: PMTCT = prevention of mother-to-child transmission of HIV; ART = anti-retroviral treatment;

NNRTI = non-nucleoside reverse transcriptase inhibitors; PI = protease inhibitors, DTG = dolutegravir.

HIV = human immune deficiency virus; WHO = World Health Organization; CD = cluster of differentiation;

ANC = antenatal care.

https://doi.org/10.1371/journal.pgph.0000256.t002

PLOS GLOBAL PUBLIC HEALTH Peer-mothers in prevention of mother-to-child HIV transmission in routine healthcare

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000256 March 9, 2022 9 / 18

https://doi.org/10.1371/journal.pgph.0000256.t002
https://doi.org/10.1371/journal.pgph.0000256


Viral suppression

A total of 1564 (79.9%) women in the peer-mother facilities and 1073 (77.5%) women in the

control facilities had at least one viral load test done during the study follow-up period. Over-

all, viral suppression among all women with data was high but similar in both peer-mother

Fig 2. Retention on ART across months since PMTCT enrolment. Kaplan Meier survival analysis with failure (ART

attrition) defined as death, opting out or loss to follow-up (no show>90 days since previous scheduled appointment)

for (A) all women and (B) ART naïve women at baseline, p-value computed using log rank test. Abbreviations:

ART = anti-retroviral treatment; PMTCT = prevention of mother-to-child transmission of HIV; CI = confidence

intervals.

https://doi.org/10.1371/journal.pgph.0000256.g002
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and control facilities [92.0% versus 91.1%, p = 0.18). Viral suppression increased significantly

across months from PMTCT enrolment in both groups ranging from 90.7% at 0–6 months to

93.8% at�25 months in peer-mother facilities and 88.8% at 0–6 months to 92.9% at�25

months in control facilities (Fig 3A). However, among pregnant women with a newly diag-

nosed HIV infection who were ART naïve pregnant women, viral suppression (95%CI) was

significantly higher in the peer-mother facilities [90.8% (89.3, 92.1)] than in the control facili-

ties [88.1% (85.7, 90.1)]. In this sub-group, only women in peer-mother facilities exhibited a

significant increase in viral suppression over time, but not in control facilities (Fig 3B).

Of note, from the 13–18 months timepoint to 19–24 months post PMTCT enrolment viral

suppression dropped in both peer-mother facilities (from 94.2% to 91.4%) and control facili-

ties (from 93.1% to 91.6%), Fig 3A. Similarly, among ART naïve women, viral suppression also

dropped from 93.3% to 91.3% in peer-mother facilities and from 90.4% to 88.4% in control

facilities (Fig 3B). This timepoint corresponded to the period during and after the six months

temporary suspension of peer-mother services in response to the first wave of COVID19 pan-

demic. On sub-group analysis by baseline characteristics, other than the sub-group of ART

naïve women, none of the other sub-groups had significant differences in proportion of

women virally suppressed in peer-mother versus control facilities (Table 3). In the adjusted

multivariable Poisson GEE regression, the adjusted risk ratio of virologic failure in the peer-

mother facilities versus control facilities was 0.96 (95%CI: 0.78, 1.19).

MTCT by 12 or more months postpartum

A total of 20 out of 1022 infants in the peer-mother facilities and 9 out of 725 infants in the

control facilities who had a confirmed HIV status by at least 12 months of age were diagnosed

with HIV infection. This yielded low and similar un-adjusted MTCT risks in both groups:

2.2% (95%CI: 1.4 to 3.4) in the peer-mother and 1.5% (95%CI: 0.7 to 2.8) in the control facili-

ties; p = 0.31. A majority of HIV positive infants in both the peer-mother (16 out of 20) and

control facilities (6 out of 9) were diagnosed already by 2 months of age. In the adjusted multi-

variable random effects logistic regression, the risk of MTCT in the peer mother facilities com-

pared to control facilities remained similar, adjusted OR (95%CI) = 1.87 (0.69, 5.08).

Discussion

This cluster-randomized study examined the effect of integrating peer adherence and psycho-

social support services to improve PMTCT outcomes in pregnant women on lifelong ART

care in routine healthcare settings in Tanzania. We found that integration of peer-mother sup-

port services resulted in significantly lower ART attrition rate (14 versus 18 per 1000 person

months) over three and a half years of follow-up and a modest but significantly higher one-

year retention in PMTCT and ART care (78% versus 74%) in unadjusted analyses. Although

the retention in PMTCT and ART care was still far from the ideal� 90% even in the interven-

tion facilities and not significant in adjusted analysis, this study provides useful insights

regarding the potential of intensifying the role of peer-mothers in mitigating attrition from

lifelong ART among women living with HIV during and after PMTCT care. Peer-mothers can

be particularly complementary in overburdened, understaffed and resource constrained care

settings that are struggling to retain women on ART care, especially post-partum, a common

challenge as we move toward universal lifelong ART for all people living with HIV. Of note,

the tendency towards higher benefits of the peer-mother intervention among ART naïve

women and among those in early stages of their HIV disease, indicates that peer-mother sup-

port may be particularly important to mitigate retention barriers among newly diagnosed

asymptomatic women who have a higher risk of poor retention [4].
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Our findings add to a growing body of evidence that reaffirms the contribution of peer-

mother services in improving PMTCT outcomes. Only three previous publications (one clus-

ter randomized and two cohort studies) were identified that quantitatively evaluated the effect

Fig 3. Viral suppression on repeated measures of viral load tests across months since PMTCT enrolment. Binary

Poisson generalized estimating equations with robust error variance, with viral suppression defined as<400 viral

copies per mL, for (A) all women [N = 1564 in peer-mother and 1073 in control facilities] and (B) ART naïve women

at baseline [N = 740 in peer-mother and 393 in control facilities]. Abbreviations: PMTCT = Prevention of mother-to-

child transmission of HIV; CI = Confidence Intervals.

https://doi.org/10.1371/journal.pgph.0000256.g003
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of peer-mother services on ART retention, viral suppression and MTCT in the era of lifelong

ART initiation during PMTCT [22, 23, 32]. A Malawian 3-arm cluster randomized study

found higher two-year ART retention among women who received facility-based (80%) or

community-based (83%) peer support services compared to that in standard-of-care control

facilities (66%) [23]. Similarly, a Nigerian cohort study, found higher retention by six months

post-partum (62%) among women who received care in health facilities with structured peer-

mother support services compared to those in standard-of-care (25%) [32]. Conversely, a

Malawian study comparing three interventions in routine healthcare settings, observed higher

PMTCT attrition following a facility-based mentor-mother (another term for peer-mothers)

intervention compared to support from community-based expert clients and CHW

Table 3. Viral suppression on repeated measures of viral load tests across months since PMTCT enrolment in

peer-mother (N = 1957) versus control (N = 1384) facilities.

Baseline characteristic Health facility randomization status

Peer-mother: % (95%CI) Control: % (95%CI) P value

Patients characteristics

Maternal age, years

<20 88.5 (80.6, 93.4) 91.8 (84.5, 95.8) 0.43

20–29 90.0 (88.4, 91.4) 88.2 (85.9, 90.2) 0.17

30–39 93.8 (92.6, 94.8) 92.7 (91.1, 94.0) 0.22

40+ 92.8 (89.1, 95.3) 95.5 (91.7, 97.6) 0.21

Gestational age, weeks

<13 (first trimester) 92.2 (89.9, 94.0) 92.4 (89.6, 94.5) 0.89

13–27 (second trimester) 92.0 (90.7, 93.1) 91.0 (89.2, 92.5) 0.32

�28 (third trimester) 92.0 (89.3, 94.1) 92.1 (89.0, 94.4) 0.95

Advanced HIV disease�

no 91.9 (90.8, 92.9) 90.5 (89.0, 91.9) 0.12

yes 92.3 (90.5, 93.8) 92.1 (89.9, 93.8) 0.85

ART status

On ART before PMTCT care 93.1 (91.9, 94.2) 92.7 (91.2, 93.9) 0.64

Starting ART at/ after PMTCT care 90.8 (89.3, 92.1) 88.1 (85.7, 90.1) 0.032

ART regimen backbone

NNRTI 92.0 (91.0, 92.9) 91.1 (89.8, 92.2) 0.24

PI 87.2 (81.9, 91.0) 82.1 (71.5, 89.4) 0.29

DTG 96.7 (93.1, 98.4) 96.6 (88.8, 99.0) 0.97

Health facility attributes

PMTCT client Volume, women/year

1–12 83.5 (78.0, 87.8) 84.8 (78.3, 89.7) 0.72

13–60 90.2 (88.6, 91.7) 90.1 (88.2, 91.6) 0.87

61–363 94.0 (92.9, 95.0) 93.2 (91.4, 94.6) 0.37

Percent couple HIV testing at ANC

<50 92.8 (91.7, 93.9) 91.1 (89.5, 92.5) 0.064

�50 90.8 (89.2, 92.2) 90.9 (88.8, 92.2) 0.92

�WHO Stage III/ IV or CD4 count <200cells/μL; p values derived from binary Poisson generalized estimating

equations regression.

Abbreviations: PMTCT = prevention of mother-to-child transmission of HIV; ART = anti-retroviral treatment;

NNRTI = non-nucleoside reverse transcriptase inhibitors; PI = protease inhibitors, DTG = dolutegravir.

HIV = human immune deficiency virus; WHO = World Health Organization; CD = cluster of differentiation;

ANC = antenatal care.

https://doi.org/10.1371/journal.pgph.0000256.t003
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interventions [22]. However, in that study researchers compared three fairly similar interven-

tions that engaged lay cadres to support follow-up and retention in PMTCT care, of which the

mentor-mothers had multiple other roles unlike the community-based expert clients and

CHWs [22]. The growing evidence in support of peer-mother interventions, highlights an

opportunity for targeted optimization of this intervention to specifically address barriers and

optimize ART retention during and after PMTCT. This includes increasing the frequency,

intensity and quality of peer-mother interactions with PMTCT clients who are newly HIV-

diagnosed, early in their HIV disease and adolescents, sub-groups found to have the highest

risk of poor retention in our data, but also those who seem to benefit the most from this

intervention.

Our study found significantly higher viral suppression among the newly HIV-diagnosed

ART naïve women in peer-mother (91%) versus control (88%) facilities. This implies that peer-

mothers can support known challenges of newly HIV-diagnosed women in PMTCT care such

as adjusting to one’s new HIV status, HIV anxiety and stigma, disclosure of HIV status, obtain-

ing social support as well as adapting to consistent use of lifelong medication [14, 33, 34].

Overall, among all women studied, we observed high and similar proportions of viral sup-

pression (< 400 viral copies/mL) and significant positive trends of improved viral suppression

over time in care in both arms. This may be attributed to successful roll-out of lifelong ART

for all women in PMTCT care, transition to newer integrase inhibitor-based ART regimens

from 2019, improved overall quality of care and ART adherence among women who remain

in care, as reported earlier from a similar setting [35].

Our study was directly affected by COVID19 that caused a temporary suspension of peer-

mother services for at least six months due to safety concerns in response the first wave of the

pandemic in Tanzania from March 2020. The COVID19 pandemic, and countries’ response to

it, has had multiple health and social impacts including loss of lives, disruption of livelihoods

and deterred access and/or uptake of health services in Tanzania and the world at large [36,

37]. Of note, the observed drop in the proportion of women virally suppressed that followed

the suspension of peer-mother services around months 19–24 of follow-up (Fig 3A and 3B)

recovered after resumption of these services, which further reaffirms the benefit of peer-

mother services.

The three previous studies of peer-mother interventions in Africa mentioned above,

reported mixed findings on virologic outcomes in PMTCT care. In the Malawian cohort

study, the mentor mother intervention was associated with a higher (90%) viral suppression

(<1000 viral copies/mL) than the expert clients (78%) intervention [22], indicating, although

not clearly explained, that adherence support by women with similar prior PMTCT experi-

ences may be more effective than that from expert clients. The other Malawian cluster ran-

domized study which enrolled only ART naïve women, showed similar high proportions of

women virally suppressed (<1000 viral copies/mL) at 2-years ranging from 94% to 96% across

all three study arms [23], but lower viral load testing uptake in control (81%) compared to the

intervention (91–94%) facilities, implying a possible selection bias. An even more pronounced

difference, and potential bias in the uptake of viral load testing (79% in intervention versus

21% in control facilities) was observed in the Nigerian study, rendering the comparison in

viral suppression between study arms and between studies difficult [32].

On the MTCT outcome, the low and similar proportions of MTCT by 12 months among

women in both peer-mother (2.2%) and control (1.5%) facilities observed in our study as well

as in Malawi [23], is gratifying and consistent with high viral suppression across both groups,

signifying the success of introducing life-long ART for all in PMTCT care in Africa.

Our reliance on data from routine healthcare settings has several implications. In the

absence of a robust evaluation of how peer-mothers adhered to the key components of the
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intervention, suboptimal implementation in some facilities is possible and would, if being the

case, underestimate the true impact of the intervention. Furthermore, the attrition of peer-

mothers over time as well as the suspension of their services due to COVID19, could also con-

tribute to blunt the effect size of the intervention. Other concurrent routine care efforts to

strengthen PMTCT and ART services—including transition to DTG regimens, improved cou-

ple HIV testing at ANC, and improved follow-up and tracking of ART patients—may have

improved PMTCT outcomes overall, further diminishing the difference between control and

peer-mother facilities. Overall, we believe that the routine care setting is a major strength of

our study representing realities, easily transferable to other real-life PMTCT settings in sub-

Saharan Africa. The fact that we relied entirely on routine care data for all our analyses mini-

mises the risk of bias due to study procedures. Furthermore, missing data and incomplete fol-

low-up, which inherently is a problem in real-life routine study designs, was non-differential

across intervention and control facilities in our study (Fig 1) and therefore less likely to influ-

ence interpretation of our findings.

Conclusion

Our study contributes to a growing body of evidence on the effectiveness of peer-mother sup-

port services in improving ART retention among women in PMTCT care, as well as viral sup-

pression among ART naïve women. Peer-mothers could play an important role to further

optimize ART for life among women who are newly diagnosed with HIV, in early stages of

HIV and among adolescents. These findings underscore the need for increased investment,

strengthening and scale-up of peer-mother adherence support services in PMTCT care across

high HIV-burden countries in Africa.
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