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ABSTRACT 

Introduction: Adherence clubs (ACs) increase retention in care among postpartum women living 

with HIV. However, the effect of maternal antiretroviral therapy (ART) provision through ACs on 

infant health remains unknown. 

Methods: This study utilised data from a parallel-arm randomised controlled trial that enrolled 

women who initiated ART during pregnancy, were within 70 days postpartum, and who met 

standard AC eligibility criteria (clinically stable and viral load <400 copies/mL). Consenting 

women were randomised to community-based ACs (n = 201) or routine primary healthcare (PHC) 

clinics (n = 194) for ART service delivery and followed for two years. Infant care was provided 

separately at “well baby” clinics. Outcome frequencies were calculated by summing the number 

of visits at which lower respiratory tract infection, diarrhoeal illness, care-seeking, and overnight 

hospitalisation were self-reported. Multivariate Poisson regression was then used to quantify the 

associations between each trial arm and study outcome, controlling for various maternal 

demographic and infant health covariates. 

Results: Data were available for 395 mother-infant pairs, representing 1681 visits. There were 27 

and 20 instances of lower respiratory tract infection and 60 and 55 occurrences of diarrhoeal 

illness in PHC and AC trial arms, respectively. Lower respiratory tract infection (aIRR 0.73; 95% 

CI 0.39–1.32) and diarrhoeal illness (aIRR 0.87; 95% CI 0.60–1.27) were self-reported at 

equivalent rates between trial arms. Mothers attending ACs were less likely to report seek care 

(205 vs. 247 times) for their infants compared to mothers receiving ART from PHC clinics (aIRR 

0.80; 95% CI 0.66–0.97). Infants of mothers attending ACs were reported as being hospitalised 

less frequently (15 vs. 26 times) compared to those within the PHC study arm (aIRR 0.55; 95% CI 

0.28–1.07; p value = 0.083) but this was not statistically significant. 

Conclusions: Occurrence of illness was similar in both groups. However, mothers receiving ART 

from ACs were less likely to access care for their infants than those receiving ART from PHC 

clinics. While this may reflect the increased care demands associated with community-based 

ART service delivery, further research is needed to clarify the mechanisms underlying these 

differences in care-seeking behaviour. 
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ABSTRACT 

Introduction: Adherence clubs (ACs) increase retention in care among postpartum women living 

with HIV. However, the effect of maternal antiretroviral therapy (ART) provision through ACs on 

infant health remains unknown. 

Methods: This study utilised data from a parallel-arm randomised controlled trial that enrolled 

women who initiated ART during pregnancy, were within 70 days postpartum, and who met 

standard AC eligibility criteria (clinically stable and viral load <400 copies/mL). Consenting 

women were randomised to community-based ACs (n = 201) or routine primary healthcare (PHC) 

clinics (n = 194) for ART service delivery and followed for two years. Infant care was provided 

separately at “well baby” clinics. Outcome frequencies were calculated by summing the number 

of visits at which lower respiratory tract infection, diarrhoeal illness, care-seeking, and overnight 

hospitalisation were self-reported. Multivariate Poisson regression was then used to quantify the 

associations between each trial arm and study outcome, controlling for various maternal 

demographic and infant health covariates. 

Results: Data were available for 395 mother-infant pairs, representing 1681 visits. There were 27 

and 20 instances of lower respiratory tract infection and 60 and 55 occurrences of diarrhoeal 

illness in PHC and AC trial arms, respectively. Lower respiratory tract infection (aIRR 0.73; 95% 

CI 0.39–1.32) and diarrhoeal illness (aIRR 0.87; 95% CI 0.60–1.27) were self-reported at 

equivalent rates between trial arms. Mothers attending ACs were less likely to report seek care 

(205 vs. 247 times) for their infants compared to mothers receiving ART from PHC clinics (aIRR 

0.80; 95% CI 0.66–0.97). Infants of mothers attending ACs were reported as being hospitalised 

less frequently (15 vs. 26 times) compared to those within the PHC study arm (aIRR 0.55; 95% CI 

0.28–1.07; p value = 0.083) but this was not statistically significant. 

Conclusions: Occurrence of illness was similar in both groups. However, mothers receiving ART 

from ACs were less likely to access care for their infants than those receiving ART from PHC 

clinics. While this may reflect the increased care demands associated with community-based 

ART service delivery, further research is needed to clarify the mechanisms underlying these 

differences in care-seeking behaviour. 

Keywords: HIV, differentiated service delivery, adherence clubs, retention in care. 
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INTRODUCTION 

Without an effective vaccine or curative treatment, successful management of Human 

Immunodeficiency Virus (HIV) infection requires rapid diagnosis, long-term treatment, and viral 

suppression among people living with HIV (PLH) [1]. Despite not hitting all 90–90–90 targets by 

2020 – that is, the percentages of individuals who know their status, are receiving antiretroviral 

therapy (ART), and who are virologically suppressed while on ART – the drive to end AIDS by 2030 

has necessitated updating these targets to 95–95–95 by 2025 [2]. It is evident, however, that a 

“one-size-fits-all” approach to HIV services will not sustainably provide access to ART among all 

vulnerable communities [3]. 

Globally, pregnant and postpartum women living with HIV (WLH) represent a key vulnerable 

population for whom ART-services need to be tailored. Early motherhood is associated with 

social, economic, physiological, and psychological changes that promote high levels of 

healthcare disengagement, including loss to follow-up and reduced adherence to treatment [4-

9]. Poor treatment adherence results in the development of viremia, which, in turn, increases the 

risk of mother-to-child transmission (MTCT) of HIV during breastfeeding as well as leading to 

adverse maternal health outcomes [10-13]. 

The current standard of care (SOC) provides ART services at primary healthcare (PHC) facilities 

[14]. This includes visits once a month for the first four months, followed by regular visits for ART 

collection every two months. Due to the scale of the HIV/AIDS epidemic in South Africa, the 

frequency and centralization of ART collection overwhelm PHC facilities and promote 

disengagement of patients from the health system [15]. This effect is pronounced among 

vulnerable populations [9]. 

One potential alternative to the current SOC, differentiated service delivery (DSD), is a patient-

centred approach intended to simplify and adapt HIV services at all levels to better serve PLH 

[16]. Adherence clubs (AC) are the primary form of DSD in South Africa. They involve groups of 

20–30 patients meeting every two months for 60 minutes at community venues, where 

community health workers lead guided health discussions and provide pre-packaged ART [14, 

17]. ACs are designed to reduce the burden of chronic HIV-care on clinically stable PLH and PHC 

facilities [15, 18]. They typically provide ART services to low-risk clinically stable adults who have 

been on ART for at least six months, have a suppressed viral load (<400 copies/mL), and have no 

comorbidities necessitating more extensive clinical follow up [14, 17]. Until recently, however, 

limited data existed that demonstrated the effectiveness of ACs among pregnant and 

postpartum women. 
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The Postpartum Adherence Clubs for Antiretroviral Therapy (PACART) trial sought to investigate 

if the scope of ACs could be increased to include women initiating ART during pregnancy. This 

was done by comparing the incidence of healthcare disengagement and viremia between 

mothers randomised to ACs (intervention arm) or SOC (control arm) [14]. ACs were well accepted 

and improved ART-service engagement, thereby reducing the risk of viremia in women through 

24 months postpartum compared to women in the SOC trial arm [19, 20]. Although these data 

strongly support the use of ACs among postpartum women, no specific provisions for infant care 

were made in this study [14]. In both trial arms, infant care was provided per the SOC at well-

baby clinics rather than being integrated into ART services at PHC facilities or ACs [19]. Well-baby 

clinics may or may not have been located at the same health facilities where mothers in the SOC 

arm received HIV care. However, the venues where mothers in the AC arm received treatment 

were always different from the well-baby clinics, as these participants received treatment at 

community venues. 

Provision of care to infants is an important consideration. Although the effect of in-utero ART 

exposure on infant outcomes remains a matter of debate [21], exposure to HIV and/or ARVs in 

utero has been associated with adverse health outcomes; including small-for-gestational age 

infants with a higher risk of severe respiratory tract infections and mortality during their first year 

[5, 22-27]. Factors that prevent or delay care-seeking and HIV-testing severely impact infant 

health [28, 29], whereas simplifying postpartum care through service integration (e.g., ART 

provision) improves infant health outcomes [30, 31]. ART service delivery through community-

based ACs modified the standard requirements for care-seeking, which may over-burden 

mothers and negatively impact infant health. Therefore, we investigated the effect of providing 

ART to clinically stable WLH through ACs on infant health by comparing the frequency of infant 

symptoms, maternal care-seeking, and infant hospitalisations between the PACART trial arms 

across the 24-month postpartum period. 

 

METHODS 

Ethical review 

Women who provided written informed consent for the PACART trial were eligible for inclusion 

into this secondary analysis. Ethical approval for this secondary analysis was obtained from the 

Human Research Ethics Committee of the University of Cape Town (REF: 424/2024). 
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Study design 

The study was secondary analysis of data already collected during the PACART trial [14, 19]. 

Briefly, the PACART trial – a pragmatic randomised controlled trial – was conducted between 

January 2016 and August 2019 and sought to compare two strategies for ART service delivery 

among women initiated onto ART during pregnancy. 

All consenting postpartum women attending the Midwife Obstetric Unit at the Gugulethu 

Community Health Centre who had initiated ART during pregnancy and met the eligibility criteria 

were enrolled in the trial. Mother-infant pairs were randomly allocated (1:1) to either the current 

SOC for ART services (control group) or to community-based ART services at ACs (intervention 

group). In addition to standard AC admission criteria – including having a suppressed viral load 

(<400 copies/mL) and no comorbidities necessitating more extensive clinical follow up [14, 17] – 

eligibility included being ≥18 years old and within 70 days postpartum. 

General adult ART services – control 

Per routine care, postpartum women are referred from the Midwife Obstetric Unit to a PHC 

facility for general adult ART care. These women usually present to the PHC facility within one 

month of referral. This includes visits for clinical assessment once a month for the first four 

months, followed by regular visits for ART collection every two months. Three months of 

medication are dispensed over the December holiday period. Except for individuals with clinical 

or psychological concerns, clinical screening occurs six monthly. Once ART has been initiated, 

routine laboratory investigations occur at four and 12 months and annually thereafter.  

Adherence clubs – intervention 

ACs involve groups of 20–30 patients meeting every two months for 60 minutes at community 

venues, where community health workers lead guided health-related discussions [14, 17]. Four 

months of medication are dispensed over the December holiday period. Participants are 

weighed, screened for symptoms, and receive ART during regular visits and have an annual viral 

load and general clinical assessment by a visiting nurse from the Gugulethu Community Health 

Centre. If patients have lost weight, are symptomatic, have an elevated viral load, or have failed 

to collect their ART within five days of any visit, they are immediately referred to the general ART 

clinic associated with the AC [17]. Except for clinical visits, patients can periodically opt to send 

a “buddy” (i.e., a partner, friend, or relative) to attend club visits and collect their medication, 

however, patients must attend every second session. 
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In both trial arms, infants were referred to the well-baby child health services that are provided 

at PHC facilities per the SOC. 

Measurements 

Study visits – at which questionnaires were administered, and biological samples were collected 

– were scheduled separately to visits at Department of Health facilities at which participants 

received medical care in both arms. Study visits were scheduled at approximately three, six, 12, 

18 and 24 months postpartum (recorded as visits 2–6, with visit 1 representing baseline). 

Questionnaires were administered at every study visit by trained interviewers in the participant’s 

preferred language (either English or isiXhosa) [14]. For this secondary analysis, previously 

validated questionnaires were utilised that collected information on maternal and infant 

demographics, maternal and infant medical history, maternal ART adherence, and infant feeding 

[32]. 

Infant HIV status was self-reported and analysed as part of the primary study. No vertical 

transmission of HIV was observed through 24 months postpartum. 

Outcomes 

Lower respiratory tract infections and diarrhoea are major causes of childhood morbidity and 

mortality [33, 34] and are commonly used outcomes to assess child health [35, 36]. In line with 

le Roux et al., the occurrence of a lower respiratory tract infection (LRTI) was defined as the self-

reported presence of both cough and fever as well as wheeze, while the occurrence of a 

diarrhoeal illness (DI) was defined as increased or loose stools [32]. Reports of LRTI and DI were 

only considered within two weeks of each study visit [32]. Limiting the recall period for these 

outcomes was done to minimise bias [37]. 

To assess the frequency with which mother-infant pairs engaged with the health system, study 

visits reporting any care-seeking were counted. This included any consultation at a healthcare 

facility for treatment or advice about an illness occurring between study visits. Facilities included 

clinics, community health centres, hospitals, traditional healers, and pharmacies. The facilities 

attended and the diagnoses received were recorded and reported on separately. 

To assess the severity of infant health outcomes, any overnight hospital stay that occurred 

between visits was recorded. Reporting of care-seeking and hospitalisation were not limited to 

within two weeks of each study visit as longer periods of recall are preferable for aggregate 

measures, such as hospitalisation [37]. 
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Data analysis 

Data were analysed in RStudio using R version 4.3.3 [38, 39]. Baseline characteristics were 

summarised as numbers and percentages (categorical), medians with interquartile ranges 

(continuous, non-symmetrical), or means with standard deviations (continuous, symmetrical). 

These data were compared between trial arms using Fisher’s Exact Tests for categorical 

variables or Wilcoxon Rank Sum Tests for asymmetrical continuous data. A t-test was used for 

comparing symmetrical continuous data between trial arms. An alpha level of 0.05 was used to 

define statistical significance. 

The two-year frequency of all study outcomes (LRTI, DI, care-seeking, and overnight hospital 

stay) was calculated by summing the number of reported events across all visits. Poisson 

regression was used to compare the frequency at which each outcome occurred, while using the 

total time observed per participant as a model offset. Baseline demographic variables that had 

borderline differences between groups (i.e., p value ≤ 0.1) as well as breast-feeding duration [32, 

40] and birthweight [22, 41] – which are important determinants of infant health – were included 

in subsequent analyses. This was done to control for possible confounding effects. Suffering 

from a DI is an independent risk factor of pneumonia in infants [42]. As such, the effect of DI on 

LRTI was also assessed. For each Poisson regression model, the mean and variance were 

compared to ensure model appropriateness. 

 

RESULTS: 

Screening and enrolment for the PACART study occurred between January 2016 and December 

2017, with 409 mothers included in the modified intention-to-treat population [19]. In this 

secondary analysis, infant health data were available from at least one follow-up visit among 401 

mother-infant pairs (1878 visits, median = 6 visits per mother-infant pair). When asked about 

infant health outcomes, mothers were more likely to respond “no” or “unsure” if the infant was 

living elsewhere (Table S1–S4). As such, visits where the mother-infant pairs were living 

separately were excluded (Table S5), leaving 395 mothers (1681 visits) in the study sample (Table 

1). 

Characteristics at enrolment 

Overall, 41% of women were married or cohabiting with a partner, 30% had completed any 

secondary education, 31% were currently working or studying, 42% lived in formal housing, and 

25% were primiparous. The median time postpartum was 11 days (IQR, 14), with 63% of births by 
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Table 1: Characteristics at enrolment. N, % unless otherwise specified. 

Variable Clinic Club Total P value 

Study arm 194(49.1) 201 (50.9) 395 (100)  

Married or cohabiting with a partner 70 (36.1) 91 (45.3) 161 (40.8) 0.067 

Completed any secondary education 65 (33.5) 55 (27.3) 120 (30.4) 0.191 

Currently working/studying 64 (33.0) 57 (28.4) 121 (30.6) 0.327 

Formal housing 82 (42.3) 85 (42.3) 167 (42.3) 1.000 

Flush toilet inside home 83(42.8) 77 (38.3) 160 (40.5) 0.412 

Running water inside home 101 (52.1) 111 (55.2) 212 (53.7) 0.546 

Electricity inside home 184 (94.8) 190 (94.5) 374 (94.7) 1.000 

Refrigerator inside home 156 (80.4) 160 (79.6) 315 (80.0) 0.900 

Household crowding (≥10) 6 (3.1) 13 (6.5) 19 (4.8) 0.158 

Primiparous 51 (26.3) 46 (22.9) 97 (24.6) 0.483 

Delivery in hospital 126 (64.9) 112 (55.7) 238 (60.3) 0.065 

Previously on ART 20 (10.3) 27 (13.4) 47 (11.9) 0.569 

Previously experienced child loss 12 (6.2) 18 (9.0) 30 (7.6) 0.345 

Normal vaginal delivery 116 (59.8) 133 (66.2) 249 (63.0) 0.211 

Infant female sex 95 (49.0) 95 (47.3) 190 (48.1) 0.763 

Breast feeding (ever) 187 (96.4) 196 (97.5) 383 (97.0) 0.569 

Breast feeding at enrolment 167 (86.1) 176 (87.6) 343 (86.8) 0.681 

Infant experienced symptoms* since birth 19 (9.8) 14 (7.0) 33 (8.4) 0.364 

Infant referred to any health facility since birth 5 (2.6) 3 (1.5) 8 (2.0) 0.495 

Median duration of ART in pregnancy (IQR), days 152 (72) 145 (70) 149 (71) 0.490 

Median time postpartum (IQR), days 12 (16) 11 (13) 11 (14) 0.250 

Mean reported birth weight (SD), grams 3105 (600) 3031 (534) 3067 (568) 0.199 
*symptoms include at least one of the following: fever, cough, rash, diarrhoea; IQR: interquartile range; SD: standard deviat ion 

normal vaginal delivery, and 87% of infants being breastfed at enrolment. On average, mothers 

were on ART for 149 days during pregnancy and the mean reported birthweight was 3067 g. 

Altogether, 8.4% of infants had experienced symptoms since birth (either fever, cough, rash, or 

diarrhoea), while 2.0% had been referred to any health facility prior to study enrolment. 

Of the mother-infant pairs remaining in this secondary analysis, 194 and 201 were randomised 

to PHC and AC arms, respectively. Although none of the measured variables were significantly 

different between the trial arms, there were two noteworthy trends: mothers randomised to ACs 

were more likely to be married or cohabiting (45.3% vs. 36.1%, p = 0.067) and less likely to deliver 

in hospital (55.7% vs. 63.9%, p = 0.065) compared to mothers randomised to PHC. 

Two-year frequency of LRTI and DI 

Self-reporting of LRTI was less common than DI during the PACART study. There was a total of 27 

and 20 LRTI cases reported by 22 and 19 mothers randomised to PHC and AC, respectively 
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(Figure 1A). DI episodes were reported on 60 and 55 occasions by 47 and 49 mothers randomised 

to PHC and AC, respectively (Figure 1B). Except for LRTI among mother-infant pairs randomised 

to ACs – where most instances occurred within the first year – no notable time trends in symptom 

reporting were present (Figure S1A & B). No differences were observed in the frequency of LRTI 

cases (aIRR 0.73; 95% CI 0.39–1.32) or instances of DI (aIRR 0.87; 95% CI 0.60–1.27) by study 

arm (AC vs PHC, Tables 2 & 3), suggesting that the mode of ART service delivery does not impact 

the frequency of self-reported LRTI or DI 24 months postpartum. 

Table 2: Results of univariable and multivariable Poisson regression models assessing the 
association between trial arm and self-reported lower respiratory tract infection (LRTI) 
frequency, adjusting for baseline characteristics in the intention to treat population. 

 Crude IRR Adjusted IRR P value 

Study arm (AC vs PHC) 0.72 (0.4-1.27) 0.73 (0.39-1.32) 0.298 

Relationship (other vs cohabiting) 1.28 (0.71-2.41) 1.49 (0.80-2.96) 0.228 

Birth weight (low vs normal) 2.14 (1.00-4.17) 2.23 (1.04-4.36) 0.027 

Breast feeding (>5 months vs ≤5 months) 1.02 (0.56-1.82) 0.98 (0.52-1.79) 0.950 

Place of delivery (hospital vs other) 0.79 (0.45-1.42) 0.78 (0.43-1.44) 0.418 
IRR: incidence rate ratio; AC: adherence club; PHC: primary health care; low birth weight < 2500g; AC (n = 201); PHC (n = 194) 

Infants with low-birth weight were twice as likely (aIRR 2.23; 95% CI 1.04–4.36) to suffer from LRTI 

compared to infants of normal birth weight (Table 2). When accounting for ever having reported 

an episode of DI (Table S6), the relationship between low birth weight and LRTI frequency 

remained unchanged (aIRR 2.33; 95% CI 1.04–4.39), while there was an additional positive 

association (aIRR 2.54; 95% CI 1.39–4.60) between reporting DI and LRTI.  

 
Figure 1: Two-year frequency of (A) presumed lower respiratory tract infections (pLRTI) and (B) 
diarrhoeal illness (DI). 

Two-year frequency of care-seeking and overnight hospital stays 

Mothers primarily sought care for their infants at a PHC clinics or CHCs (Table S7). Diarrhoea was 

the most reported diagnosis, followed by cough and lower respiratory tract infection (Table S8). 
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Care-seeking occurred most frequently between six and 18 months (Figure S2A), while overnight 

hospital stays were most common during the first 12 months (Figure S2B). 

Table 3: Results of univariable and multivariable Poisson regression models assessing the 
association between trial arm and self-reported diarrhoeal illness (DI) frequency, adjusting for 
baseline characteristics in the intention to treat population. 

 Crude IRR Adjusted IRR P value 

Study arm (AC vs PHC) 0.89 (0.61-1.28) 0.87 (0.60-1.27) 0.477 

Relationship (other vs cohabiting) 0.93 (0.64-1.35) 0.88 (0.61-1.29) 0.512 

Birth weight (low vs normal) 1.02 (0.56-1.72) 1.06 (0.58-1.80) 0.837 

Breast feeding (>5 months vs ≤5 months) 1.02 (0.70-1.48) 1.00 (0.68-1.46) 0.980 

Place of delivery (hospital vs other) 0.83 (0.57-1.20) 0.80 (0.55-1.16) 0.232 
IRR: incidence rate ratio; AC: adherence club; PHC: primary health care; low birth weight < 2500g; AC (n = 201); PHC (n = 194) 

There were 247 and 205 visits at which care-seeking was reported over two years for mother-

infant pairs randomised to PHC (n = 139 mothers) and AC (n = 128 mothers), respectively (Figure 

2A). Mother-infant pairs randomised to receive ART through ACs were 20% less likely (aIRR 0.80; 

95% CI 0.66–0.97) to report having sought any care between study visits, compared to those in 

the control arm (Table 4). 

 
Figure 2: Two-year frequency of (A) care-seeking and (B) overnight hospital stays. 

Only 41 overnight hospital stays were reported across 1681 visits (Figure 2B). Infants were 

hospitalised 26 and 15 times among 21 and 12 mothers randomised to PHC and AC study arms, 

respectively. Of those, lower respiratory tract infection (42%) was the most common diagnosis, 

followed by diarrhoea (21%) (Table S9). Infants of mothers randomised to ACs were 45% less 

likely (IRR 0.55; 95% CI 0.28–1.07; p value = 0.083) to require an overnight hospital stay between 

study visits compared to those in the PHC arm (Table 5) but this was not statistically significant. 
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Table 4: Results of univariable and multivariable Poisson regression models assessing the 
association between trial arm and care-seeking frequency, adjusting for baseline 
characteristics in the intention to treat population. 

 Crude IRR Adjusted IRR P value 

Study arm (AC vs PHC) 0.80 (0.67-0.96) 0.80 (0.66-0.97) 0.022 
Relationship (other vs cohabiting) 1.05 (0.87-1.27) 1.07 (0.88-1.30) 0.522 

Birth weight (low vs normal) 1.13 (0.85-1.48) 1.14 (0.86-1.49) 0.344 
Breast feeding (>5 months vs ≤5 months) 0.89 (0.74-1.08) 0.87 (0.71-1.05) 0.154 

Place of delivery (hospital vs other) 0.96 (0.80-1.17) 0.96 (0.79-1.17) 0.704 
IRR: incidence rate ratio; AC: adherence club; PHC: primary health care; low birth weight < 2500g; AC (n = 201); PHC (n = 194) 

 

Table 5: Results of univariable and multivariable Poisson regression models assessing the 
association between trial arm and overnight hospital stay frequency, adjusting for baseline 
characteristics in the intention to treat population. 

 Crude IRR Adjusted IRR P value 

Study arm (AC vs PHC) 0.56 (0.29-1.04) 0.55 (0.28-1.07) 0.083 
Relationship (other vs cohabiting) 0.63 (0.34-1.17) 0.65 (0.34-1.25) 0.192 

Birth weight (low vs normal) 1.14 (0.39-2.67) 1.21 (0.41-2.86) 0.695 
Breast feeding (>5 months vs ≤5 months) 1.17 (0.62-2.16) 0.99 (0.50-1.90) 0.976 

Place of delivery (hospital vs other) 0.74 (0.40-1.38) 0.75 (0.39-1.48) 0.404 
IRR: incidence rate ratio; AC: adherence club; PHC: primary health care; low birth weight < 2500g; AC (n = 201); PHC (n = 194) 

 

DISCUSSION 

Ensuring the long-term engagement of postpartum women with ART services has proven 

exceptionally challenging [5]. Poor treatment adherence has profound consequences on long-

term maternal health and vertical during breastfeeding [10-13]. The recent PACART trial 

demonstrated that ACs – a broadly implemented form of DSD in South Africa – effectively reduce 

healthcare disengagement of mothers initiating ART during pregnancy [19]. While the main study 

reported no differences in breastfeeding at six months, uptake of infant-HIV testing, vertical 

transmission of HIV (no infants were diagnosed with HIV upon the study’s conclusion), or infant 

deaths between trial arms, this secondary analysis sought to compare the frequency at which 

infants experienced symptoms (LRTI and DI), mothers sought care for their infants, and infants 

were hospitalised between the trial arms over a 24-month postpartum period. We found no 

differences between the two-year frequency of self-reported LRTI (aIRR 0.73; 95% CI 0.39–1.32) 

or DI (aIRR 0.87; 95% CI 0.60–1.27) between mother-infant pairs in each trial arm. However, 

women attending ACs were 20% less likely (aIRR 0.80; 95% CI 0.66–0.97) to seek any care, while 

their infants were almost 50% as likely to require an overnight hospital stay (IRR 0.55; 95% CI 
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0.28–1.07) compared to mother-infant pairs in SOC. These data warrant further research into the 

effects of ACs on mother-infant wellbeing. 

Using self-reported symptoms as study outcomes represents a limitation of this research and 

may explain the similarity in symptom reporting between trial arms. However, multiple attempts 

were made to mitigate bias. Firstly, visits were excluded when mother-infant pairs were no longer 

cohabiting. Mothers who were living separately from their infants were more likely to respond 

either “no” or “unsure” when asked about the presence of symptoms compared to mothers 

cohabiting with their infants. Secondly, the self-reporting of symptoms was limited to within two 

weeks of each study visit. Although this reduced the number of possible outcomes, this time 

period was selected to reduce bias [37] and based on previous research [32]. Furthermore, the 

associations identified in this study – independently linking low birthweight and diarrhoea with 

an increased risk of LRTI – have been reported previously [25, 42]. We are confident, therefore, in 

the conclusion that service provision through ACs did not increase the frequency at which infants 

experienced symptoms compared to current standard of care. 

Given the increased risk of adverse health outcomes among HIV-exposed but uninfected infants, 

it is important to mitigate factors that prevent or delay care-seeking and HIV-testing, as these 

severely impact on infant health, well-being, and risk of mortality [28, 29]. As the implementation 

of ACs among the intervention arm altered the standard approach to service delivery for this 

population, it was important to investigate what, if any, knock on effects this might have on care-

seeking. While those in the ACs were less likely to seek care, ART service provision via ACs did 

not change the nature of care-seeking in this trial: mothers who sought care for their infants 

primarily attended PHC clinics or CHCs. While not affecting the internal validity of these results, 

there are two important considerations when interpreting these data: 1) participants in this study 

were recruited from PHC facilities within a periurban setting, and 2) psychosocial and systemic 

barriers to care-seeking exist across South Africa [43]. It is important that these factors are 

considered and accounted for before implementing ACs for ART service delivery among 

postpartum mothers across the country.  

Interestingly, despite the lack of differences in symptom reporting and the similarity in diagnoses 

at care, mothers randomised to ACs were less likely to seek care for their infants compared to 

mothers in the control arm. It is difficult to determine whether this was due to mothers being 

overburdened by attending ACs and thus less likely to seek care, because of an increased 

perception of support while attending ACs, or because of all-round better infant health outcomes 

in the experimental arm. A further limitation of this study was the discrepant time intervals 

considered for symptom reporting and care-seeking, which prevented any analysis linking 
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symptom reporting to care-seeking. As such, it is not possible to directly assess the reasons for 

care-seeking (or lack thereof) among mothers with symptomatic infants from these data. It is 

worth noting, however, that infants of these mothers were also less likely to require an overnight 

hospitalisation – indicative of more severe health outcomes. 

The results of this study ought to be interpreted in the light of its several limitations – additionally 

to the limitations already discussed. As a secondary analysis, this study was not powered to 

exhaustively investigate the outcomes in question. As such, the absence of differences in 

symptom reporting between trial arms could simply be due to an insufficient sample size. This is 

evident especially when considering hospitalisation, which was a rare outcome (41/1681) with a 

large, yet statistically insignificant (aIRR 0.55; 95% CI 0.28–1.07; p value = 0.083) difference in the 

multivariate model. This study also suffered from a lack of empirical results relating to infant 

health and wellbeing, relying heavily on self-reported symptoms, care-seeking, and 

hospitalisation. As ACs are implemented throughout the Western Cape, future work could 

include patient monitoring via the Provincial Health Data Centre, which consolidates all person-

level health data throughout the province and would allow an empirical investigation of infant 

health outcomes and hospitalisations [44].  

Considering these limitations, we interpret our results as indicating that the occurrence of illness 

was similar in both groups. However, mothers receiving ART from ACs were less likely to access 

care for their infants compared to those receiving ART from PHC clinics. Further research is 

required to explore how ART service provision through ACs affects infant health and access to 

care. These data support the implementation of ACs among postpartum mothers initiating ART 

during pregnancy. 
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SUPPLEMENTARY INFORMATION 

FIGURES 

 
Figure S1: Per visit frequency of (A) presumed lower respiratory tract infections (pLRTI) and (B) 
diarrhoeal illness (DI). Visits were scheduled at approximately three, six, 12, 18, and 24 months 
postpartum. 

 

 

 
Figure S2: Per visit frequency of (A) care-seeking and (B) overnight hospital stays. Visits were 
scheduled at approximately three, six, 12, 18, and 24 months postpartum. 
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TABLES 

Table S1: Frequency of self-reported lower respiratory tract infection (LRTI) per visit 
stratified by the infant’s residence. 

Visit  Reported LRTI 
No outcome 

n (%) 
Outcome 

n (%) 
Unsure 

n (%) 

2 
Child apart from mother 7 (100) 0 (0) 0 (0) 

Child with mother 362 (96) 15 (4) 0 (0) 

3 
Child apart from mother 18 (78) 0 (0) 5 (22) 

Child with mother 347 (96) 13 (4) 1 (0) 

4 
Child apart from mother 27 (75) 0 (0) 9 (25) 

Child with mother 326 (97) 11 (3) 0 (0) 

5 
Child apart from mother 37 (64) 1 (2) 20 (34) 

Child with mother 310 (99) 2 (1) 1 (0) 

6 
Child apart from mother 55 (79) 1 (1) 14 (20) 

Child with mother 285 (97) 6 (2) 2 (1) 

Total† 
Child apart from mother 144 (74) 2 (1) 48 (25) 

Child with mother 1630 (97) 47 (2) 4 (1) 
†Fisher’s exact test p value on data pooled over visits <0.001 

 

Table S2: Frequency of self-reported diarrhoeal illness (DI) per visit stratified by the 
infant’s residence. 

Visit  Reported DI 
No outcome 

n (%) 
Outcome 

n (%) 
Unsure 

n (%) 

2 
Child apart from mother 7 (100) 0 (0) 0 (0) 

Child with mother 360 (95) 16 (4) 1 (0) 

3 
Child apart from mother 16 (70) 2 (9) 5 (22) 

Child with mother 334 (93) 27 (7) 0 (0) 

4 
Child apart from mother 26 (72) 2 (6) 8 (22) 

Child with mother 308 (91) 29 (9) 0 (0) 

5 
Child apart from mother 36 (62) 1 (2) 21 (36) 

Child with mother 286 (91) 27 (9) 0 (0) 

6 
Child apart from mother 55 (79) 2 (3) 13 (19) 

Child with mother 276 (94) 16 (5) 1 (1) 

Total† 
Child apart from mother 140 (72) 7 (4) 47 (24) 

Child with mother 1564 (93) 115 (7) 2 (0) 
†Fisher’s exact test p value on data pooled over visits <0.001 
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Table S3: Frequency of self-reported care seeking per visit stratified by the infant’s 
residence. 

Visit  Reported care seeking 
No outcome 

n (%) 
Outcome 

n (%) 
Unsure 

n (%) 

2 
Child apart from mother 6 (86) 1 (14) 0 (0) 

Child with mother 308 (82) 69 (18) 0 (0) 

3 
Child apart from mother 15 (65) 4 (17) 4 (17) 

Child with mother 256 (71) 105 (29) 0 (0) 

4 
Child apart from mother 25 (69) 2 (6) 9 (25) 

Child with mother 221 (66) 116 (34) 0 (0) 

5 
Child apart from mother 35 (60) 5 (9) 18 (31) 

Child with mother 211 (67) 102 (33) 0 (0) 

6 
Child apart from mother 48 (69) 7 (10) 15 (21) 

Child with mother 232 (79) 60 (20) 1 (1) 

Total† 
Child apart from mother 129 (66) 19 (10) 46 (24) 

Child with mother 1228 (73) 452 (27) 1 (0) 
†Fisher’s exact test p value on data pooled over visits <0.001 

 

Table S4: Frequency of self-reported overnight hospital stay per visit stratified by the 
infant’s residence. 

Visit  Reported hospital stay 
No outcome 

n (%) 
Outcome 

n (%) 
Unsure 

n (%) 

2 
Child apart from mother 7 (100) 0 (0) 0 (0) 

Child with mother 369 (96) 8 (2) 0 (0) 

3 
Child apart from mother 23 (100) 0 (0) 0 (0) 

Child with mother 350 (97) 11 (3) 0 (0) 

4 
Child apart from mother 35 (97) 1 (3) 0 (0) 

Child with mother 325 (96) 12 (4) 0 (0) 

5 
Child apart from mother 57 (98) 1 (2) 0 (0) 

Child with mother 310 (99) 3 (1) 0 (0) 

6 
Child apart from mother 67 (96) 2 (3) 1 (1) 

Child with mother 289 (99) 4 (1) 0 (0) 

Total† 
Child apart from mother 189 (96) 4 (2) 1 (1) 

Child with mother 1643 (98) 38 (2) 0 (1) 
†Fisher’s exact test p value on data pooled over visits = 0.0791 
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Table S5: Characteristics at enrolment between included and excluded mother-
infant pairs. N, % unless otherwise specified. 

Variable Included Excluded P value 

Total 395 (94.7) 22 (5.3)  

Married or cohabiting with a partner 161 (40.8) 8 (36.4) 0.824 

Completed any secondary education 120 (30.4) 11 (50.0) 0.061 

Currently working/studying 121 (30.6) 14 (63.6) 0.002 

Formal housing 167 (42.3) 6 (27.3) 0.188 

Flush toilet inside home 160 (40.5) 5 (22.7) 0.118 

Running water inside home 212 (53.7) (40.9) 0.277 

Electricity inside home 374 (94.7) 21 (95.5) 1.000 

Refrigerator inside home 316 (80) 20 (90.9) 0.275 

Household crowding (≥10) 19 (4.8) 0 (0.0) --- 

Primiparous 97 (24.6) 6 (27.3) 0.800 

Delivery in hospital 238 (60.3) 10 (45.5) 0.185 

Previously on ART 47 (11.9) 3 (13.6) 0.742 

Previously experienced child loss 30 (7.6) 0 (0.0) --- 

Normal vaginal delivery 249 (63.0) 15 (68.2) 0.827 

Infant female sex 190 (48.1) 10 (45.5) 0.830 

Breast feeding (ever) 383 (97.0) 22 (100) --- 

Breast feeding at enrolment 343 (86.8) 22 (100) --- 

Infant experienced symptoms* since birth 33 (8.4) 3 (13.6) 0.423 

Infant referred to any health facility since birth 8 (2.0) 0 (0.0) --- 

Median duration of ART in pregnancy (IQR), days 149 (71) 145 (66) 0.926 

Median time postpartum (IQR), days 11 (14) 9 (15) 0.373 

Mean reported birth weight (SD), grams 3067 (568) 3037 (711) 0.849 
 

 

Table S6: Results of univariable and multivariable Poisson regression models assessing the 
association between trial arm and self-reported lower respiratory tract infection (LRTI) 
frequency, adjusting for frequency of diarrhoeal illness (DI) as well as baseline characteristics 
in the intention to treat population. 

 Crude IRR Adjusted IRR P value 

Study arm (AC vs PHC) 0.72 (0.4-1.27) 0.71 (0.39-1.3) 0.274 
Relationship (other vs cohabiting) 1.28 (0.71-2.41) 1.55 (0.83-3.09) 0.187 

Birth weight (low vs normal) 2.14 (1.00-4.17) 2.23 (1.04-4.39) 0.028 
Breast feeding (>5 months vs ≤5 months) 1.02 (0.56-1.82) 0.93 (0.49-1.71) 0.825 

Place of delivery (hospital vs other) 0.79 (0.45-1.42) 0.81 (0.44-1.50) 0.488 
Reported DI (Ever vs never) 2.26 (1.25-4.01) 2.54 (1.39-4.60) 0.002 

IRR: incidence rate ratio; AC: adherence club; PHC: primary health care; low birth weight < 2500g; AC (n = 201); PHC (n = 194) 
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Table S7: All reported instances of care-seeking§ over 
two years among mother-infant pairs by trial arm. 

 Clinic 
n (%) 

Club 
n (%) P value† 

Clinic/CHC 246 (84.8) 202 (84.2) 

0.795 
GP 15 (5.2) 17 (7.1) 

Hospital 19 (6.6) 14 (5.8) 

Pharmacy 10 (3.4) 7 (2.9) 
CHC: community health centre; GP: general practitioner; AC (n = 201); PHC (n 
= 194) 
†Chi squared test p value on data pooled over visits 
§Occasionally, multiple healthcare facilities were visited between study visits, 
resulting in more facilities attended than reports of care-seeking 

 

Table S8: Infant diagnoses at health facilities by trial 
arm. 

 Clinic 
n (%) 

Club 
n (%) 

P value† 

Diarrhoea 59 (23.1) 47 (21.6) 

0.167 

Cough 48 (18.8) 41 (18.8) 

LRTI 47 (18.4) 31 (14.2) 

Other* 47 (18.4) 51 (23.4) 

Skin rash 33 (12.9) 39 (17.9) 

Fever 21 (8.2) 9 (4.1) 
LRTI: Lower respiratory tract infection; AC (n = 201); PHC (n = 194) 
*Including injuries, vomiting, pain, poor weight gain, swollen glands, poor 
appetite, blocked nose, etc..  
†Chi squared test p value on data pooled over visits 

 

Table S9: Diagnoses among infants requiring 
an overnight hospital stay. 

 n (%) 

LRTI  16 (42.1) 

Diarrhoea  8 (21.1) 

Other  7 (18.4) 

Fever  4 (10.5) 

Cough 3 (7.9) 
LRTI – Lower respiratory tract infection 
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Synopsis

The Human Immunodeficiency Virus (HIV) is a significant cause of morbidity in South Africa, 

with an estimated 7.5 million people living with HIV (PLH) in 2019. Without an effective vaccine 

or cure, successful management of HIV infection requires rapid diagnosis, long-term 

treatment, and viral suppression of PLH. However, given the differing needs of all PLH, there 

is a growing appreciation that a “one-size-fits-all” approach will not sustainably provide access 

to antiretroviral therapy (ART) among all vulnerable communities.  

Preventing the mother-to-child transmission (PMTCT) of HIV is an essential component in 

controlling the HIV/Acquired Immunodeficiency Syndrome (AIDS) epidemic. Despite recent 

successes in the PMTCT, mothers initiating ART during pregnancy are at an increased risk of 

disengaging from ART services, and therefore poor treatment adherence, postpartum. 

Ultimately, disengaging from ART services increases the risk of viremia and HIV transmission 

during breastfeeding. Moreover, HIV infection during pregnancy increases the risk of adverse 

health outcomes among infants. As such, when tailoring approaches for ART service delivery 

among mothers initiating ART during pregnancy, it is essential to account for the needs of both 

postpartum mothers and their infants. 

The recent Postpartum Adherence Clubs for Antiretroviral Therapy (PACART) trial sought to 

investigate if adherence clubs (AC) – an already successful form of differentiated service 

delivery (DSD) – could reduce the risk of viremia postpartum among women initiating ART 

during pregnancy, when compared to the current standard of care (SOC). Although successful 

in achieving its primary aim (viral load [VL] suppression to less than 1000 copies/mL through 

24 months), no provisions for infant care were made in the PACART trial. Rather, mothers in 

both arms were referred to local “well-baby” clinics. A reasonable hypothesis, therefore, is that 

changing the care-seeking requirements for mothers will impact the health outcomes of their 

infants. This is an important consideration, as any delays or barriers to care-seeking can 

severely impact infant health and well-being. As such, the aim of this study – a secondary 

analysis of data collected during the PACART trial – is to investigate if ACs influence infant 

health during the first 24 months postpartum when born to mothers initiated onto ART during 

pregnancy, compared to the SOC. 

The PACART trial was conducted in Gugulethu, a township in Cape Town, South Africa, with 

high rates of poverty and unemployment, and an HIV prevalence of around 23%. Recruitment 

occurred  at the Gugulethu Community Health Centre (CHC) as well as the affiliated Midwife 

Obstetric Unit (MOU). Potentially eligible women were informed about the study in their 

preferred language (isiXhosa or English), and those interested and willing provided informed 

consent. Eligibility included being ≥18 years old and within 70 days postpartum, as well as 



having a suppressed VL (<400 copies/mL) and no comorbidities necessitating more extensive 

clinical follow up. Women who were enrolled into this study were randomised to receive ART 

services either through the current SOC (control) or ACs (intervention). Importantly, however, 

infants in both arms received the current SOC at local “well-baby” clinics. 

General infant health and wellbeing was assessed during the PACART study through the 

administration of questionnaires to postpartum mothers. Data were collected on infant 

delivery, demographics, medical history, and feeding. This exploratory study will investigate 

the impact that the provision of ART services through ACs has on infant health, compared to 

the SOC, through 24 months postpartum. As data on infant health were collected through 

questionnaires, we will be using the timing of symptom onset and frequency of reported 

symptoms (including cough, fast breathing, wheezing, diarrhoea, fever, poor feeding, or rash), 

as well as the frequency of reported care seeking (both referral to any specialist facility and 

overnight hospital stays) as estimates for disease frequency and severity, respectively. 

Together, these variables should give an insight into how frequently infants randomised to 

both arms were unwell, and how severe the illness was. 

This secondary analysis of the PACART trial poses limited risk to study participants: no further 

visits are required, no additional data will be collected, and the data to be used in this study 

are appropriately de-identified. Although this study poses no direct benefits to the participants 

of the PACART trial, its objective to promote infant health and wellbeing has indirect benefits 

for infants born of women living with HIV. The findings of this study will inform future iterations 

of ACs, ensuring that they are designed to best serve both postpartum WLH and their infants. 



Introduction 

Background 

South Africa is the global epicentre of the HIV epidemic, with an estimated 7.5 million PLH in 

2019 (UNAIDS, 2020). In the absence of an effective vaccine or curative treatment, control of 

HIV/AIDS is heavily predicated on the successful diagnosis, treatment, and viral suppression 

of PLH (Frescura et al., 2022). Focussing on all tiers of the HIV testing and treatment cascade, 

the ambitious 90–90–90 targets (set to be achieved by 2020) aimed to ensure that 90% of all 

PLH were aware of their HIV status, 90% of PLH who were aware of their status were 

accessing treatment, and 90% of those individuals accessing treatment were virologically 

supressed (UNAIDS, 2014). Although modelling data suggests that South Africa achieved the 

first 90 (i.e., the diagnosis of 90% of all HIV infected individuals) (Woldesenbet et al., 2021), 

the initiation of, and adherence to successful treatment (the second and third 90s, 

respectively) proved more challenging (Marinda et al., 2020).  

Despite not hitting all 90–90–90 targets by 2020, the drive to end AIDS by 2030 has 

necessitated updating these targets to 95–95–95 by 2025 (UNAIDS, 2023). There are growing 

concerns, however, that a “one-size-fits-all” approach to HIV services will not sustainably 

provide access to ART among vulnerable communities (Grimsrud et al., 2016). Pregnant 

women and their infants in South Africa represent a key vulnerable population for whom ART-

services need to be tailored.  

Antenatal HIV in South Africa 

The antenatal HIV prevalence in South Africa is 30% and has remained relatively unchanged 

since 2004 (Woldesenbet et al., 2021). The importance of successfully managing HIV during 

pregnancy is threefold; 1) the presence of infection during pregnancy risks the vertical 

transmission of HIV and the perpetuation of the epidemic (Abrams and Myer, 2013), 2) women 

initiating ART during pregnancy are at an increased risk of loss to follow up and therefore poor 

treatment adherence postpartum (Larsen et al., 2019), and 3) infants born to mothers with 

antenatal HIV are at an increased risk of poor health outcomes (Pfeifer and Bunders, 2016). 

These are important barriers that need to be overcome if we hope to reduce the impact of the 

HIV/AIDS epidemic and achieve the aspirational goal of ending AIDS by 2030 (UNAIDS, 

2023). 

Antenatal diagnosis of HIV infection & initiation of ART 

The integration of provider-initiated HIV testing and counselling into standard antenatal 

services has improved the detection of HIV during pregnancy (UNAIDS, 2007, de Beer et al., 

2020). In 2013, the barriers to treatment access were lowered further when the WHO issued 



a recommendation (termed “Option B+”) to initiate all HIV-infected pregnant women onto 

lifelong ART regardless of clinical symptoms (WHO, 2016). Option B+ has since been 

superseded by universal ART, whereby all PLH are initiated onto ART regardless of clinical 

symptoms, viral load, or CD4 count (WHO, 2016). The integration HIV testing into antenatal 

services and the introduction of option B+ (subsequently updated to universal ART) 

significantly impacted the HIV/AIDS epidemic, increasing the percentage of pregnant and 

postpartum women accessing ART (UNAIDS, 2018), thereby reducing the mother-to-child 

transmission of HIV (Kalua et al., 2017). 

Maintaining virological suppression postpartum 

The recent successes in the first two targets during pregnancy and postpartum have not been 

matched by sustained virological suppression, especially among women initiated onto ART 

during pregnancy (Larsen et al., 2019). During early motherhood, women undergo social, 

economic, and psychological changes that are not catered for through the current ART 

services (Nachega et al., 2012). These changes promote disengagement from the health 

system and limit access and adherence to treatment (Kaplan et al., 2008, Nachega et al., 

2012, Phillips et al., 2014, Tenthani et al., 2014, Haas et al., 2016, Larsen et al., 2019). Poor 

treatment adherence contributes to the development of viremia, which has significant 

implications for the risk of vertical transmission during breastfeeding and negatively impacts 

long-term maternal health (Myer et al., 2017, Abrams and Myer, 2013, Garcia et al., 1999, 

Katzenstein et al., 1999).  

Infant health and well-being 

Successful pregnancy outcomes are critically dependent on the homeostasis of several 

maternal and foetal systems (Arck and Hecher, 2013). Antenatal HIV infection significantly 

disrupts this homeostasis, promoting elevated cytokine levels within the placental plasma and 

increased inflammation (Deeks et al., 2013, Kumar et al., 2012). Even in cases of HIV 

exposure without infection, this disrupted homeostasis can lead to small-for-gestational age 

infants and delayed cognitive development (Pfeifer and Bunders, 2016, le Roux et al., 2019, 

le Roux et al., 2018, Newell and Bunders, 2013). These infants remain at a higher risk of 

severe respiratory tract infections and mortality during their first year, among other health 

complications (Ndirangu et al., 2012, Newell and Bunders, 2013, Nachega et al., 2012, le 

Roux et al., 2019, McNally et al., 2007, Herce et al., 2021). ART administration during 

pregnancy greatly reduces the risk of vertical transmission (Chasela et al., 2010) and has 

generally improved infant well-being (Schulte et al., 2007), however, systematic inflammatory 

responses remain elevated in adults receiving ART (Deeks et al., 2013). Moreover, the drugs 

themselves increase the risk of adverse health outcomes among ART-exposed infants (Newell 



and Bunders, 2013); an important consideration since the implementation of option B+ (Kieffer 

et al., 2014).  

The implementation of Option B+ and universal ART have successfully reduced the risk of the 

vertical transmission of HIV (Kalua et al., 2017). However, the unmatched success in retaining 

mothers initiating ART during pregnancy (Larsen et al., 2019) and the risk of adverse health 

outcomes faced by their infants (Pfeifer and Bunders, 2016) necessitate a tailored approach 

to ART services that accounts for the needs of mothers and their infants. 

Differentiated Service Delivery 

The current SOC provides ART services at PHC facilities (Odayar et al., 2019). This includes 

an intensive follow up phase with visits once a month for the first four months, followed by a 

continuation phase with regular visits for ART collection every two months. Due to the scale 

of the HIV/AIDS epidemic in South Africa, the frequency and centralization of ART collection 

overwhelm primary healthcare (PHC) facilities and promote disengagement of patients from 

the health system (El-Sadr et al., 2017). This effect is pronounced among vulnerable 

populations (Larsen et al., 2019). 

One potential alternative to the SOC, DSD, is a patient-centred approach intended to simplify 

and adapt HIV services at all levels to better serve people living with HIV (Grimsrud et al., 

2017). This approach seeks to provide client-centred services that encourage engagement, 

adherence, and retention in care. A parallel benefit of DSD is a reduced burden on the health 

system by maximizing the efficiency of ART service delivery (El-Sadr et al., 2017, Grimsrud et 

al., 2017). Whereas earlier care approaches broadly categorized adults living with HIV as 

either pregnant or nonpregnant, DSD seeks to recognize more categories of people living with 

HIV and tailor the type of care to each of them (Ehrenkranz et al., 2019).  

Many approaches to DSD have been attempted on clinically stable adults (Ehrenkranz et al., 

2019, Bemelmans et al., 2014), including mobile phone communication, psychological 

counselling, and ACs (Clouse et al., 2020, Wilkinson et al., 2016). Although limited, evidence 

is beginning to emerge that suggests DSD may be effective in vulnerable populations, 

including pregnant women (Macdonald et al., 2017, Myer and Phillips, 2017, Ehrenkranz et 

al., 2019, Myer et al., 2018). However, further research is required to unequivocally 

demonstrate the impact of DSD on vulnerable communities when implemented at scale 

(Ehrenkranz et al., 2019). 

Adherence clubs in South Africa 

ACs, the primary form of DSD in South Africa, are designed to reduce the burden of chronic 

HIV-care on clinically-stable PLH and PHC facilities (Wilkinson et al., 2016). Although similar 



in frequency to the ART services at PHC facilities, ACs involve groups of 20–30 patients 

meeting every two months at community venues, where CHWs lead guided discussions 

(Odayar et al., 2019, Wilkinson, 2013). They typically provide ART services to low-risk 

clinically stable adults who have been on ART for at least six months, have suppressed VL 

(<400 copies/mL), and have no comorbidities necessitating more extensive clinical follow up 

(Odayar et al., 2019, Wilkinson, 2013). Until recently, limited data existed that demonstrated 

the efficacy of ACs among pregnant and postpartum women. 

The PACART trial sought to investigate if the scope of ACs could be increased from clinically 

stable adults with low risk of loss to follow up to include pregnant mothers initiating ART during 

pregnancy (Odayar et al., 2019). This trial provided strong evidence that ACs improve ART-

service engagement and reduce risk of viremia through 24 months among mothers attending 

ACs compared to SOC. (Myer et al., 2022). Moreover, a pilot study had already demonstrated 

that ACs were well accepted among pregnant women initiating ART during pregnancy 

(Trafford et al., 2018), further supporting the use of ACs among vulnerable populations.  

Despite the success of the PACART trial in achieving its primary aim – reducing the risk of 

viremia 24 months postpartum – no provisions for infant care were made in this study, with 

mothers in both arms referred to local “well-baby” clinics (Odayar et al., 2019), a point to which 

some mothers have raised concern (Trafford et al., 2018). This is an important consideration, 

as integrating maternal and infant care postpartum provides health benefits to both mothers 

and infants (Myer et al., 2018), whereas factors that prevent or delay care-seeking and HIV-

testing severely impact on infant health, well-being, and risk of mortality (Lassi et al., 2019, 

Violari et al., 2008). As such, the aim of this study is to analyse data collected during the 

PACART trial to investigate if ACs influence infant health during the first 24 months postpartum 

among infants born to mothers initiated onto ART during pregnancy when compared to the 

SOC. 

Study rationale 

South Africa remains the global epicentre of the HIV/AIDS epidemic despite significant effort 

to increase the access and adherence to successful treatment (UNAIDS, 2023). To date, 

efforts to eradicate HIV/AIDS have been thwarted as a “one-size-fits-all” approach to ART 

services is insufficient to provide access to all vulnerable communities (Grimsrud et al., 2016). 

Pregnant women in South Africa represent a key vulnerable population for whom ART services 

need to be tailored. 

The PMTCT of HIV is critical to the realisation of an “AIDS free generation” (Abrams and Myer, 

2013), however, the antenatal HIV prevalence in South Africa is 30% and has remained 

relatively unchanged since 2004, highlighting the magnitude of this challenge (Woldesenbet 



et al., 2021). Despite the successes of Option B+ and universal ART in the PMTCT (Kalua et 

al., 2017), the unmatched success in retaining mothers initiating ART during pregnancy in the 

health system (Larsen et al., 2019) and the risk of adverse health outcomes faced by their 

infants (Pfeifer and Bunders, 2016) necessitate a tailored approach to ART services that 

accounts for the needs of both mothers and their infants. 

The PACART trial sought to investigate if ACs – an already successful form of DSD – could 

reduce the risk of viremia postpartum among women initiating ART during pregnancy, 

compared to SOC (Odayar et al., 2019). Although successful in achieving its primary aim, no 

provisions for infant care were made in this study, with mothers in both arms referred to local 

“well-baby” clinics (Odayar et al., 2019). A reasonable hypothesis, therefore, is that changing 

the care-seeking requirements for mothers will impact the health outcomes of their infants. 

This is an important consideration, as any delays or barriers to care-seeking can severely 

impact infant health and well-being (Lassi et al., 2019, Violari et al., 2008). As such, the aim 

of this study is to investigate if maternal care via ACs influence infant health during the first 24 

months postpartum when born to mothers initiated onto ART during pregnancy, compared to 

the SOC. 

Aims and objectives 

This study aims to investigate if ACs influence infant health during the first 24 months 

postpartum when compared to the SOC, among infants born to mothers initiated onto ART 

during pregnancy. This study will be conducted as a secondary analysis of data collected 

during the PACART study, according to the following aim and objectives: 

1) To compare the general health of infants between mothers randomised to receive ART

services via ACs or SOC, by assessing the presence of symptoms and the frequency

of referral to specialist medical facilities. Symptoms include cough, fast breathing,

wheezing, diarrhoea, fever, poor feeding, or rash.

i. Compare the time to first symptom onset between mothers randomised to ACs

or SOC.

ii. Compare the proportion of infants with symptoms at each visit between

mothers randomised to ACs or SOC.

iii. Compare the frequency at which infants have experienced symptoms since

birth between mothers randomised to ACs or SOC.

iv. Compare the frequency at which infants were referred to specialist medical

facilities for treatment since birth between mothers randomised to ACs or SOC.

v. Compare the proportion of infants requiring an overnight hospital stay since

birth between mothers randomised to ACs or SOC.



Hypothesis 

The AC model of HIV service delivery, which is designed to increase the adherence of women 

living with HIV initiating ART during pregnancy, will not negatively impact the health of their 

infants 24 months postpartum when compared to the SOC.  

Methodology 

Study design 

The proposed study will be conducted as a secondary analysis of data already collected during 

the PACART trial, for which the methods and main results have already been published 

(Odayar et al., 2019, Myer et al., 2022). Briefly, the PACART trial – a pragmatic randomised 

controlled trial – sought to compare two strategies for ART service delivery among women 

initiated onto ART during pregnancy. Women enrolled into the trial were randomly allocated 

(1:1) to either referral to the current SOC for ART services (control group) or to community-

based ART services at ACs (intervention group). Additional study visits were scheduled 

approximately three-monthly for participants in both arms through 24 months postpartum. The 

trial’s primary objective was to compare maternal HIV viral suppression between the control 

and intervention groups through 24 months postpartum, specifically defining viral suppression 

as a viral load (VL) of less than 1,000 copies/mL. Data were collected for the assessment of 

several secondary outcomes, including infant general health and wellbeing (detailed below).  

Study setting and population 

Community 

This study was conducted in Gugulethu, a township in Cape Town, South Africa, with a 

population of approximately 350,000 individuals. In addition to the high rates of poverty and 

unemployment prevalent in this community, around 23% of the general population are living 

with HIV (Myer et al., 2015). The Gugulethu CHC, responsible for PHC within the community, 

has an ART clinic that provides the  general adult population with HIV care. Affiliated with the 

CHC, the MOU provides both antenatal and postnatal care, as well as PMTCT and ART 

services, to more than 4,000 women annually (Myer et al., 2016). This service is critical, as 

approximately 33% of the women presenting at the MOU are HIV-positive (Myer et al., 2015). 

Eligibility criteria 

All consenting pregnant women attending the CHC or MOU, who had initiated ART during 

pregnancy, and who met the eligibility criteria (outlined below) were enrolled and randomised 



to either the control or intervention arm. The primary criteria for eligibility included being ≥18 

years old and within 70 days postpartum. In addition, eligibility was based on standard AC 

admission criteria. These included having a suppressed VL (<400 copies/mL) and no 

comorbidities necessitating more extensive clinical follow up (Odayar et al., 2019, Wilkinson, 

2013). Although admission into an AC typically requires six-months of uninterrupted ART, an 

exception was made for this study allowing participants to be on ART for at least three months 

pre-enrolment. Women intending to relocate out of Cape Town or who had lost their infant 

were excluded from the study. 

Postnatal and MOU ART services 

The Gugulethu MOU houses an integrated ART clinic that provides PMTCT services, including 

the first-line ART regimen (tenofovir [300 mg], emtricitabine [200 mg], and efavirenz [600 mg] 

taken once daily). During pregnancy, clinical follow up as part of routine care services occurs 

every one to two months, with VL measured after three months on ART. 

Basic neonatal support and infant feeding monitoring are provided to mother-infant pairs within 

seven days of delivery. Mothers on ART and their infants are then scheduled to attend the 

MOU ART clinic within one month of delivery. This visit allows for counselling, review of 

maternal and infant health, and collection of ART. At this point, mothers are referred to the 

Gugulethu CHC for general adult ART services and the infants are referred to “well baby” 

services at separate clinics for vaccinations and HIV testing. 

General adult ART services 

Women present for general adult ART care at the CHC within one month of referral from the 

MOU. This includes an intensive follow up phase with visits for clinical assessment once a 

month for the first four months, followed by a continuation phase with regular visits for ART 

collection every two months. Three months of medication are dispensed over the December 

holiday period. Except for individuals with clinical or psychological concerns, clinical screening 

occurs six monthly. Once ART has been initiated, routine laboratory investigations occur at 

four and 12 months and annually thereafter.  

Adherence clubs 

ACs involve groups of 20–30 patients meeting every two months for 60 minutes at community 

venues, where CHWs lead guided discussions (Odayar et al., 2019, Wilkinson, 2013). Four 

months of medication are dispensed over the December holiday period. Participants are 

weighed, screened for symptoms, and receive ART during regular visits and have an annual 

VL and general clinical assessment by a visiting nurse from the CHC. If patients have lost 

weight, are symptomatic, have  an elevated VL, or have failed to collect their ART within five 



days of any visit, they are immediately referred to the general ART clinic associated with the 

AC (Wilkinson, 2013). Except for clinical visits, patients can periodically opt to send a “buddy” 

(i.e., a partner, friend, or relative) to attend club visits and collect their medication, however, 

patients must attend every second session.  

Description of the control and intervention 

Control 

ART care was provided to mothers and infants in the control arm by government health 

services and based on the local standard of care according to the public sector policies. This 

involved referral of mothers from the MOU ART service to PHC ART facilities, including the 

ART clinic at the CHC, for general adult care. Whereas infants were referred to the “well-baby” 

child health services. 

Intervention 

ART services were provided through ACs to women randomised to the intervention arm. As 

in the control arm, infants were referred to “well-baby” health services. 

Study procedures 

Recruitment, enrolment, and randomisation 

Recruitment occurred at both the MOU ART clinic and postnatal clinical visits and consecutive, 

potentially eligible women were considered. These women were informed about the study and, 

if interested, were screened. Women who were eligible for enrolment were referred to study 

counsellors, and consenting women were then randomised to either the control or intervention 

arm of the study. 

Once enrolled, all study participants were seen at the MOU ART clinic, at which point they 

were referred to either the current SOC or AC clubs for follow up. Infant care was provided via 

“well baby” clinics in both study arms. 

Measurements 

Study visits were scheduled separately from ART services in both arms, at approximately 

three, six, 12, 18 and 24 months postpartum. Blood was collected at each study visit to 

determine participant VL in accordance with the primary aim of the study. In addition to 

phlebotomy, various questionnaires were administered by trained interviewers in the preferred 

language of the participant (either English or isiXhosa). These interviews were conducted at 

every visit to collect data on both maternal and infant demographics, medical history, ART 

adherence and infant feeding (Odayar et al., 2019). To assess factors that may be related to 

poor treatment adherence among women initiating ART during pregnancy, various 



questionnaires were administered at every visit to collect data on behavioural, psychosocial, 

and mental health status (Odayar et al., 2019).  

Outcomes and analysis plan 

Variables used in this study 

This exploratory study will be investigating what impact, if any, the provision of ART services 

through ACs has on infant health compared to the SOC 24 months postpartum. As data on 

infant health were collected through questionnaires, we will be using the timing of symptom 

onset, proportion of infants with symptoms, and the frequency of reported symptoms (including 

cough, fast breathing, wheezing, diarrhoea, fever, poor feeding, or rash), as well as the 

frequency of reported care seeking (both referral to any specialist facility and overnight 

hospital stays) as estimates for disease frequency and severity, respectively. Given the 

exploratory nature of this secondary study and the fact that the PACART study was powered 

for its primary objective (n = 412), an additional sample size calculation will not be performed. 

All analyses in this study will be by intention-to-treat and all relevant demographic and clinical 

variables for mother-infant pairs will be compared between the groups.  

Analysis plan 

For the outlined objectives, the main exposure of interest is the random assignment of mothers 

to either receive ART services at ACs or PHC facilities. Each objective will evaluate the 

relationship of this exposure with various outcomes, requiring different analytical methods as 

detailed below. While the primary exposure was randomly assigned, potential confounding 

variables will be addressed through multivariable models, where appropriate. 

The first objective will be assessed using Kaplan-Meier curves to compare the time to first 

symptom onset (either cough, fast breathing, wheezing, diarrhoea, fever, poor feeding, or 

rash) between infants of mothers randomised to receive ART services at ACs or PHC facilities. 

The curves will be compared using a log-rank test.  

For the second objective, the outcome is the proportion of infants experiencing symptoms, 

which is a binary outcome. Consequently, logistic regression will be employed to compare the 

odds of experiencing symptoms between infants of mothers randomised to receive ART 

services at ACs or PHC facilities. Separate regression analyses will be conducted to assess 

the associations at each visit.  

Objectives three and four both evaluate the frequency of the outcome occurring during the 

study period and are thus suited to Poisson regression. The outcomes for objectives three and 

four are the frequency at which infants experience symptoms since birth and the frequency at 

which infants are refereed to specialist medical facilities, respectively. In both cases, the 



outcomes will be compared between infants of mothers randomised to receive ART services 

at ACs or PHC facilities, and both analyses will control for duration of observation. If the data 

are overdispersed, a negative-binomial regression will be conducted instead.  

The final objective will compare the proportion of infants requiring an overnight hospital stay 

during their first 24 months postpartum. Since this is a binary outcome, logistic regression will 

be performed comparing the odds of requiring a hospital stay between infants of mothers 

randomised to receive ART services at ACs or PHC facilities. 

Data management 

All data that will be utilized in this study were collected on paper during the PACART trial. 

Original documents are securely stored in locked filling cabinets, while the electronic records 

are managed according to already-established standard operating procedures and stored in 

a password-protected Microsoft Access database. Electronic records will be shared with the 

investigator for the extraction of data relevant to the proposed study onto a password-

protected MacBook Pro. Data analyses will be conducted in R version 4.3.3 (RCoreTeam, 

2020). 

Ethical considerations 

Ethical review 

The PACART study received ethical approval from the Human Subjects Research Ethics 

Committee of the Faculty of Health Sciences at the University of Cape Town (REF 194/2015). 

In addition, local government and the facility manager approved the study. 

Informed consent 

Trained counsellors took participants through the informed consent process in their preferred 

language (IsiXhosa or English) in a private room. This included time for potential participants 

to ask questions regarding the study, while the counsellors informed them that their decision 

would not impact the care they would receive and that they could withdraw from the study at 

any time. Consenting participants were given a copy of the signed document. No additional 

data was collected for the purpose of this study, and as such, no further informed consent will 

be collected.  

Risks and benefits 

Pregnant mothers living with HIV and their infants represent a vulnerable population for whom 

special care must be taken to ensure no harm is brought to them through the study. The 

PACART trial sought to minimize risks in several ways. Firstly, by monitoring if participants 

indicated thoughts or behaviour of self-harm. Secondly, by ensuring that phlebotomies were 



performed under sterile conditions, and lastly, to ensure that data obtained were kept 

confidential and safe. This study will pose no additional physical harm to the participants, and 

data utilised will remain de-identified. This will ensure that participant information will remain 

confidential.  

This study poses no direct benefit to the participants. However, the findings of this research 

will contribute to a broader understanding of the potential risks or benefits that the provision 

of ART through ACs pose on infants of mothers initiating ART during pregnancy. Moreover, 

this study will be submitted as a partial fulfilment of the requirement for the Master of Public 

Health in Epidemiology and Biostatistics degree at the University of Cape Town. Once 

completed, the results of this study will be readily accessible in the public domain.  

Time schedule 

Table 1: Proposed time schedule for this project during 2024. 

April May June July August 

Ethical approval 

Data management 

Analyses 

Writing results 

Writing discussion 

Final write-up 

Final submission 
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