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Abstract

Objectives: Investigate levels of retention at specified time periods along the prevention of mother-to-child transmission

(PMTCT) cascade among mother-infant pairs as well as individual- and facility-level factors associated with retention.

Methods: A retrospective cohort of HIV-positive pregnant women and their infants attending five health centres from November

2010 to February 2012 in the Option B programme in Rwanda was established. Data were collected from several health registers

and patient follow-up files. Additionally, informant interviews were conducted to ascertain health facility characteristics.

Generalized estimating equation methods and modelling were utilized to estimate the number of mothers attending each

antenatal care visit and assess factors associated with retention.

Results: Data from 457 pregnant women and 462 infants were collected at five different health centres (three urban and two rural

facilities). Retention at 30 days after registration and retention at 6 weeks, 3, 6, 9 and 12 months post-delivery were analyzed.

Based on an analytical sample of 348, we found that 58% of women and 81% of infants were retained in care within the same

health facility at 12 months post-delivery, respectively. However, for mother-infant paired mothers, retention at 12 months was

74% and 79% for their infants. Loss to facility occurred early, with 26% to 33% being lost within 30 days post-registration. In a

multivariable model retention was associated with being married, adjusted relative risk (ARR): 1.26, (95% confidence intervals:

1.11, 1.43); antiretroviral therapy eligible, ARR: 1.39, (1.12, 1.73) and CD4 count per 50 mm3, ARR: 1.02, (1.01, 1.03).

Conclusions: These findings demonstrate varying retention levels among mother-infant pairs along the PMTCTcascade in addition

to potential determinants of retention to such programmes. Unmarried, apparently healthy, HIV-positive pregnant women need

additional support for programme retention. With the significantly increased workload resulting from lifelong antiretroviral

treatment for all HIV-positive pregnant women, strategies need to be developed to identify, provide support and trace these

women at risk of loss to follow-up. This study provides further evidence for the need for such a targeted supportive approach.
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Introduction
There has been significant progress in the prevention of

mother-to-child transmission (PMTCT) of HIV globally. The

number of new infections among children decreased by 58%

between 2000 and 2014; from 520,000 to 220,000 [1].

The continued success of efforts to combat mother-to-child

transmission supports our ultimate goal of being able to

eliminate new infections among children globally [2]. This

ambitious goal appears feasible if existing resources are

used wisely and obstacles are anticipated and overcome. In

particular, the PMTCT programme retention of mothers

during pregnancy and mothers and infants post-delivery

will be vital to achieving this goal. Women and infants who

are retained in care have better health outcomes, and

women who are retained and adhere to their antiretroviral

therapy (ART) are less likely to transmit HIV to others [3,4].

However, HIV-positive pregnant women are less likely to

be retained in care than HIV-positive non-pregnant women

and men [5�7].
There are several barriers to retention among women and

infants in PMTCT programmes. Data suggest that transporta-

tion costs, stigma and discrimination and fear of HIV status

disclosure, comprise some of the major impediments to

an individual continuing in care [8�12]. It is important to

understand both individual and facility factors affecting

retention along the PMTCT cascade.

Health facility characteristics that may influence retention

include both the structural and operational aspects of a faci-

lity such as capacity, location, staffing and services provided.

One cross-sectional study among HIV-positive post-partum

women in Ethiopia found that the likelihood of receiving

PMTCT services increased by 7.2 times with every additional

nurse per 1500 patients, indicating patient load may be

associated with retention [13]. Another study in South Africa
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found that patients receiving HIV treatment at local clinics

were less likely to be lost to follow-up than patients treated

at hospitals [14]. Further, a retrospective cohort study con-

ducted in Malawi among women enrolled in Option B�
programmes found a positive, though weak, association

between rural facility location and retention as well as a

negative association between attending larger facilities and

retention [15].

Overall, these individual- and facility-level barriers result in

decreased retention among women and infants throughout

the PMTCT cascade [16,17], with only 66% of HIV-positive

pregnant women receiving ART and 49% of infants receiving

virologic diagnostic testing within the first two months of life

in 2014 [18]. Understanding how these barriers impact

retention among women and infants at varying time intervals

along the PMTCT cascade may contribute to optimizing the

performance of PMTCT programmes and identifying innova-

tions to facilitate further improvement in the provision of

care.

Rwanda has taken several steps towards reducing the

mother-to-child transmission of HIV through the establish-

ment of their comprehensive national HIV programme.

Currently, 97% of health facilities offer PMTCT services [19].

As of December 2013, 1.3% of women attending clinics

for PMTCT services were HIV-positive, a substantial decrease

from 10.8% HIV positivity among pregnant women in 2003

[19]. Further, the number of new infections among children

decreased from 6400 in 2001, to less than 1000 in 2012 [18].

Still, levels of retention to the PMTCT cascade in Rwanda as

well as individual- and facility-level factors associated with

retention are not well understood.

This analysis utilized data collected from five health

facilities in Rwanda to assess levels of retention and factors

associated with retention to PMTCT programmes among

mothers and infants.

Methods
Study design

We undertook a retrospective cohort study among pairs of

HIV-positive pregnant women and their HIV-exposed infants

(HEI) accessing PMTCT services in Rwanda. Specifically, this

study aimed to investigate levels of retention among mother-

infant pairs at various stages of the PMTCT cascade and

assess individual and health facility characteristics that may

influence retention in PMTCT programmes. At the time of the

study, Rwanda had implemented Option B PMTCT guidelines

(the provision of triple ART for all HIV-positive pregnant

women during pregnancy up to the cessation of breastfeed-

ing) for more than two years. Rwanda transitioned to Option

B�, the provision of ART for all HIV-positive pregnant

women for life, in April 2012, after the data collection period.

Data collection

The retrospective review was conducted among HIV-positive

women and infants registered in Option B antenatal and

maternity services between November 2010 and February

2012. All PMTCT services were provided within the same unit

of a particular facility. Facilities without maternity services

referred women for delivery, but the women were expected

to return for post-partum services and subsequent follow-up.

Data were collected through a review of registers and

medical files, as well as interviews performed with in-charges

at the study health centres. Registers reviewed include the

antenatal care (ANC), PMTCT, labour and delivery, HEI

service, postnatal care (PNC), ART and early infant diagnoses

registers. Data were extracted by trained data assistants and

were directly entered into an MS ACCESS database. One to

two informant interviews were conducted with the staff at

each of the five study health facilities to collect data on

health facility characteristics. Data were collected from

March 2013 to May 2013.

In order to collect data on mothers and their infants from

multiple registers, the data from these registers were linked.

To obtain data on pregnant women, mothers newly diag-

nosed with HIV or with a known HIV-positive status were

identified through the ANC registry by name and then their

individual ANC identification numbers were noted. These

unique identification numbers were then linked to the pre-

ART registry patient numbers. The patient number was used

to collect data from the ART, pharmacy and lab registers.

To link the mother to the infant, data were also collected

from the maternity, PNC and HEI registers. The mothers’

unique identification numbers are recorded in the infant’s

file, enabling the mother/infant pairing. ‘‘Unpaired’’ mothers

were those for whom there was no linkage or information

on infant follow up. To acquire infant characteristics, the HEI

registers, HEI card and medical files (the polymerase chain

reaction (PCR) and dried blood spot file results) were utilized.

Infants with positive PCR results additionally had their details

obtained from pre-ART, ART registers and patient files. No

attempts were made to trace mothers across facilities.

Women who were referred for any reason were docu-

mented in the patient files, together with the dates of

referral. These data were captured in the study database and

the women subsequently removed from the denominator.

Definition of variables

We defined retention as clinic attendance of the mother in

addition to clinic attendance of the mother and infant as a

pair. The time intervals along the PMTCT cascade used to

assess retention were 30 days after entry into the PMTCT

programme, at delivery, 6 weeks and 3, 6, 9 and 12 months

post-delivery (postpartum time-points allowed a one-month

interval on either side for data collection). Loss to follow-up

(LFTU) was defined as missing three consecutive clinic visits.

Facility characteristics included facility location (urban or

rural), staffing levels, vacancy rates, the number of ANC

clients, volume of deliveries, number of HIV-positive preg-

nant women, number of doctor visits and onsite availability

of CD4 testing.

Site selection and sample size

Sites among those supported by Elizabeth Glaser Pediatric

AIDS Foundation (EGPAF) were selected and stratified by type

of facility and location for this study. Sites were included if

they were an ART initiating site, had at least 40 HIV-positive

pregnant women registered in ANC per year, had well-

maintained patient records according to programme staff,

and experienced minimal test-kit stock-outs. Utilizing this

Woelk GB et al. Journal of the International AIDS Society 2016, 19(Suppl 4):20837

http://www.jiasociety.org/index.php/jias/article/view/20837 | http://dx.doi.org/10.7448/IAS.19.5.20837

2

http://www.jiasociety.org/index.php/jias/article/view/20837
http://dx.doi.org/10.7448/IAS.19.5.20837


criterion, five health centres � two urban, three rural � were

selected. We estimated a sample size of 474 pregnant

women who were either newly diagnosed with HIV or had

a known HIV-positive status. The sample size was based on

an expectation of 50% (94%) of the women attending the

12-month post-delivery visit.

Endpoint derivation

To develop the time intervals along the PMTCT cascade, the

time period from registration date to the end of the obser-

vation period was divided into six segments: 30 days after

registration, delivery date, 6 weeks and 3, 6, 9 and 12 months

post-delivery (postpartum time-points allowed a one month

interval on either side for data collection). A mother/infant

was considered retained at each time interval if there was at

least one health centre visit or pharmacy pick-up at any time

during that time interval. Retention at each time interval was

measured dichotomously: a mother/infant received a ‘‘1’’ if

there was at least one visit, or a ‘‘0’’ if there was none. For

each mother-infant pair, retention was measured as a count

outcome of how many visits out of a possible six visits were

accomplished. Thus, the endpoint was the total number of

visits (each with a value of one) accomplished out of the six

expected.

To estimate retention 30 days after registration, the ART

initiation date was utilized. For women who were already on

ART, if their initiation date or the first ART refill date since

their registration in PMTCT was either within 30 days or

within two weeks of the 30 days after registration, respec-

tively, the mother was considered retained. For retention at

delivery (health facility or home), all available records were

utilized that suggested that the delivery took place including

place of delivery, delivery date (if available) and child date of

birth (if available). If any one of these records was available,

the mother was retained at delivery. With respect to reten-

tion post-delivery (6 weeks and 3, 6, 9 and 12 months), if

there was any indication of receipt of ART at that time (91

month), the mother was deemed retained. A similar process

was used to estimate infant retention.

Analysis

We estimated the proportion of mothers attending each

study health centre visit by comparing the records of those

found with the number that should have been seen at that

particular visit. For mothers, at 30 days post-registration and

at delivery, the denominator was the total number of regi-

stered mothers. For mothers at 6 weeks, and 3, 6, 9 and 12

months post-delivery, the denominator was the number of

mothers retained at delivery. ‘‘Retention’’ was the proportion

of the number of visits a mother attended to the total

expected visits depending on gestational age at first visit. For

infants, the initial denominator was the number of infants

born alive, and then the number expected at each assessed

time point, excluding known events such as death.

To assess factors associated with retention, we used gen-

eralized estimating equations (GEE) Poisson regression to

calculate relative risks and the corresponding 95% confidence

intervals (CIs) and p-values. We used GEE to account for the

potential correlation of outcomes between women from the

same health facility, assuming an exchangeable correlation

structure. We also estimated robust standard errors, adjust-

ing for the clustering within facilities. We included the

following demographic, clinical and health facility variables

in this analysis: age, parity, marital status, education, employ-

ment status, ART eligibility, CD4 count, urban or rural location

of facility, facility deliveries, number of HIV-positive pregnant

women per facility, HIV-trained nurses and number of doctor

visits. Age, defined as a woman’s age at registration or delivery,

was estimated from the date of birth and the date of regi-

stration or delivery, and was scaled into 10 year increments

in the analysis. Mother’s parity was similarly retained as a

continuous variable. Marital status was grouped into mar-

ried/living as married versus not; education level � primary

or less/secondary or more; and employment status � farmer,

trader and other, including housewife. CD4 count was

grouped into levels of 50 cells/mm3 and run as this grouped

variable; ART eligibility was a dichotomous variable � ART for

the mother’s own health versus not (e.g. used solely for

PMTCT). The health facility variables were based on annual

(the preceding year’s) data and were included in the analyses

as continuous variables, while the total number of HIV-

positive pregnant women was scaled into increments of

20 women.

In regression models, we analyzed the demographic, clinical

and health facility factors associated with retention, with

retention as a variable, the number of visits a mother made

out of an expected number of six. This analysis utilized all the

available data leading to a more robust estimate of retention.

In the univariate (unadjusted) model, we included age in

10-year increments (years at registration), marital status (not

married/married), education (primary or less/secondary or

more), employment status (farmer, trader, other), parity (0�2,
3� ), CD4 count categorized 50 mm3, known HIV status, ART

eligibility, number of HIV-positive pregnant women (incre-

ments of 20 women) per facility, number of deliveries per

facility, number of HIV-trained nurses, number of doctor visits

and facility location (urban/rural). The number of doctor visits

was omitted from the model because of collinearity. In the

final multivariate (adjusted) model, we excluded education

and the number of deliveries because they were not found to

be significant in the univariate analysis.

Statistical analyses were conducted using Stata software

(Version 12.1, StataCorp LP, College Station, Texas, USA).

Ethical considerations

We obtained study approval from the Population Council

Institutional Review Board and the Rwandan National Ethics

Committee. Informed consent was waived, as the study was

deemed minimal risk to study participants, the research

could not practically be carried out if consent was required

and the waiver of consent did not adversely affect the rights

and welfare of the participants. All study personnel received

training and certification in research ethics. Additionally, data

assistants signed confidentiality agreements before interact-

ing with the facility in-charges or working with data. All

data were entered on password-protected computers into a

password-protected database. When conducting the ana-

lyses, all personal identifiers were removed to ensure the

confidentiality of the participants.
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Results
Participant and health centre characteristics

A total of 457 women were planned to be followed in the

study. Figure 1 presents a cascade of the mothers and infants

at the various time intervals. One site with 109 records was

excluded from the retention analysis after it was discovered

that it was not an ART provision site at the time of the study

period, which lowered the number of eligible women to 348.

Consequently, although we present the descriptive charac-

teristics of mothers and the health facilities for the original

five facilities, only the 348 women, from four facilities, were

included for the retention analyses. For the 457 infants born

to these women, 172 files were not found, leaving an eligible

sample of 285.

Table 1 presents the demographic and clinical character-

istics of the paired and unpaired mothers, in addition to the

services they received. Paired mothers were the women with

located files who were able to be linked to their infants.

Unpaired mothers were women who were unable to be

linked to their infants. The mean ages and parities of paired

and unpaired mothers were similar (mean age: 28.9 vs. 27.9

years, parity: 2.7 vs. 2.5). Although about 80% of women

overall were married or living together, a greater proportion

of unpaired compared to paired mothers were unmarried/

living together, (17.1% vs. 10.2%; p�0.035). Overall, most

(74%) women had primary education, but compared to

paired mothers, a greater proportion of unpaired mothers

recorded secondary education, (16.7% vs. 9.3%, p�0.024).

457 women registered in the cohort 

Number of women at 6 weeks, 3 
months and 6 months

300

Non ART Site
109

Number of women in ART sites
348

Attrition after registration

• 23 referred to other facilities 

• 3 Not pregnant

Number of women at 30 days
318

Attrition after 30 days
• 2 referred to other facilities 

• 8 still births/abortions

Number of women at delivery
308

Attrition after delivery
• 1 maternal file missing 

• 1 infant death

• 1 maternal death

• 5 date of delivery missing

Attrition after 6 months
• 2 referred to other facilities 

Number of women at 9 months and 12 months
298

Children

172 with no files 
including mothers’ 
attritions before and at 
delivery

Number of children at 6 weeks, 
3 months and 6 months

285

Attrition after 6 
months

2 referred to other 
facilities 

Number of children at 9 months and 12 months
283

• 4 still births/abortions

Mothers

Figure 1. Mother and infant cascade.
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More than half of the women were farmers (52.9%), though

this was 63.3% of the paired mothers compared to 36.6% of

the unpaired mothers, pB0.001.

Only 18.4% of the women made the recommended four or

more ANC visits; proportionately more unpaired (35.8%)

compared to paired (14.8%) mothers had only one ANC

Table 1. Descriptive characteristics of mothers participating in PMTCT programmes in five health centres in Rwanda

Paired mothers Unpaired mothers Total

N Mean (SD) N Mean (SD) N Mean (SD)

Age 283 28.9 (6.2) 172 27.9 (6.5) 455 28.5 (6.3)

Parity 276 2.7 (1.7) 167 2.5 (1.8) 443 2.6 (1.8)

CD4 counta 229 511.6 (223.8) 124 520.5 (223.9) 353 514.7 (223.6)

N % N % N %

Marital status

Divorced/separated 15 5.4 7 4.2 22 4.9

Living as married 110 38.9 82 48.3 192 42.4

Married 144 50.9 59 34.8 203 44.9

Single 14 5.0 22 13.0 36 8.0

Total 283 100.0 170 100.0 453 100.0

Education

None 38 14.7 22 13.6 60 14.3

Primary 197 76.1 113 69.8 310 73.7

Secondary 24 9.3 27 16.7 51 12.2

Total 259 100 162 100 421 100.0

Employment status

Farmer 162 63.3 60 36.6 222 52.9

Housewife 57 22.3 66 40.3 123 29.3

Other 5 2 17 10.4 22 5.3

Trader 32 12.5 21 12.9 53 12.7

Total 256 100 164 100 420 100.0

Known HIV status

Yes 173 60.7 99 57.6 272 59.5

No 112 39.3 73 42.4 185 40.5

Total 285 100 172 100 457 100

ART eligibility*

Yes 187 73.6 83 64.3 270 70.5

No 67 26.4 46 35.7 113 29.5

Total 254 100 129 100 383 100

Number of ANC visits

1 40 14.8 35 35.8 75 20.4

2 77 28.5 24 24.5 101 27.4

3 99 36.6 26 26.6 125 33.9

4� 55 20.3 13 13.3 68 18.5

Total 271 100.0 98 100.0 369 100.0

Type of regimen

AZT/3TC/NVP 32 13.3 19 15.5 51 14.1

D4T/3TC/NVP 14 5.9 3 2.5 17 4.7

TDF/3TC/EFV 126 52.3 70 57.0 196 53.9

TDF/3TC/NVP 58 24.1 26 21.2 84 23.1

Others 11 4.6 5 4.1 16 4.4

Total 241 100.0 123 100.0 364 100.0

3TC�lamivudine; ABC�abacavir; ANC�antenatal care; ART�antiretroviral therapy; AZT�idovudine; D4T�stavudine; DNA PCR�deoxyribonucleic

acid polymerase chain reaction; EFV�efavirenz; HIV�human immunodeficiency virus; NVP�nevirapine; PMTCT�prevention of mother-to-child

transmission; SD�standard deviation, aCD4 at registration in PMTCT, (first ANC), *p�0.059.
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visit, pB0.001. The most common treatment regimens among

the women were tenofovir combination regimens (77%),

while an additional 14% were on AZT combination regimens,

with similar proportions among the paired and unpaired

mothers.

Description of health facilities

Five health centres were selected (three urban and two rural

centres) for sampling. Using data collected in 2011, the

average number of ANC clients among the five centres was

approximately 1499, ranging from 880 to 2254 patients per

centre (Table 2). There were roughly 70 HIV-positive pregnant

women at each centre. In addition, an average of 647

deliveries took place at each facility. There was an average of

approximately 29 health staffers and 10 HIV-trained nurses at

each facility. Doctors visited the health centres approximately

seven times each in 2011. Overall, the rural facilities had

more staff per patient than the urban facilities.

Programme retention

Table 3 shows the retention among women and infants

across the PMTCT cascade with 95% CIs. Among all the

women 58% (95% CI: 52%, 64%) were retained 12 months

post-delivery, while the infants’ 12-month retention was 81%

(76%, 86%). Retention for mothers paired with their infant

(i.e. infant’s file attached to mother’s file) was 74% (68%,

80%), similar to the retention for their paired infant of 79%

(73%, 85%) at 12 months. Analysis of retention of women

without linked infant files shows a lower retention compared

to the paired mothers; only 5% of unpaired women delivered

at the clinic site, and about 30% were retained over the

subsequent time periods. Overall, the majority of loss to

retention was observed in the 30 days after antenatal

registration. During this period, 33% of mothers overall and

25% of paired mothers were lost-to-follow-up. Losses tended

to be minimal at the other time points.

Factors associated with retention

Table 4 presents retention at specified time intervals by

selected demographic and clinical factors. Single mothers had

the lowest retention at delivery (48%; 95% CI: 30%, 66%),

9 (41%; CI: 23%, 59%) and 12 months (41%; CI: 23%, 59%).

Divorced/separated mothers had the lowest retention at six

weeks (43%; CI: 17%, 69%), three (36%; CI: 11%, 61%) and

six months (36%; CI: 11%, 61%). Retention across the time

periods was similar by education levels, while women whose

occupation was listed as ‘‘other’’ (than farmer, housewife or

trader), had the lowest retention across all the time periods

from delivery compared to other occupations: 35% at deli-

very, 53% at 6 weeks and 3, 6 and 9 months, and 47% at

12 months. There was little difference in the proportions

retained between mothers with known HIV status and those

newly diagnosed across the specified time intervals, with 59%

(CI: 52%, 66%) of the mothers of known status retained at 12

months, against 56% (CI: 47%, 65%) of newly diagnosed

mothers. Mothers eligible for ART for their own health were

better retained across all the time periods, compared with

those not eligible and receiving ART solely for PMTCT, 66%

(CI: 59%, 73%), were retained at 12 months versus 47% (CI:

37%, 57%), respectively, pB0.001. There was little difference

in retention between mothers who attended the recom-

mended four or more ANC visits, versus those who attended

three or fewer, 66% (CI: 51%, 80%), versus 65% (CI: 53%,

78%) at 12 months.

In the final model, employment (defined as farmer versus

non-farmer) was excluded as it failed to reach significance in

an earlier multivariate model. The number of HIV-trained

nurses was also dropped as the model did not converge.

Table 5 presents the univariate and final multivariate models.

In the final model, mothers who were married/living as

married were 1.26 (95% CI: 1.11, 1.43) times more likely to

be retained than mothers who were single or divorced/

separated. Mothers who were eligible for ART for their own

health were 1.39 (95% CI: 1.12, 1.73) times more likely to

be retained than those who were receiving ART solely for

PMTCT. CD4 count was independently and positively asso-

ciated with retention (ARR: 1.02 per 50 mm3 increase in CD4;

95% CI: 1.01, 1.03). Mother’s parity and age, HIV status at the

time of registration, number of HIV-positive pregnant women

seen at a facility and facility location (urban/rural) were not

significantly associated with retention.

Table 2. Description of the health facilities (N�5)

Variablea
Urban (Monthly

Min�Max)

Urban (Monthly

Min�Max)

Urban (Monthly

Min�Max)

Rural (Monthly

Min�Max)

Rural (Monthly

Min�Max) Mean (SD)

Number of ANC clients 880 (39�102) 1885 (121�192) 2254 (154�219) 1124 (72�119) 1350 (79�149) 1498.6 (562.4)

Number of HIV� pregnant

women

50 (2�9) 156 (7�19) 81 (3�9) 34 (2�7) 31 (1�5) 70.4 (51.8)

Number of deliveries 403 (19�63) 393 (54�93) 713 (65�130) 640 (38�74) 1086 (54�131) 647.0 (283.4)

Number of health staff 31 35 38 24 18 29.2 (8.2)

Number of HIV- trained

nurses

11 10 8 12 10 10.2 (1.5)

Number of doctor visitsb last

quarter

� 9 0 12 8 7.3 (5.1)

aData for 2011; bdoctors normally visit health facilities for consultation, supervision and support purposes.
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Discussion
We found that the majority of loss-to-follow-up for mothers

occurred early in the course of the PMTCT programme, with

loss of 33% of mothers overall by 30 days after registration

into the programme (26% for paired and 44% for unpaired

mothers). The high early loss-to-follow-up in our study is

similar to that in a Malawi study in which the highest loss of

pregnant HIV-positive women occurred soon after diagnosis

[15]. After this initial loss, retention decreased by only 10%

between 6 weeks and 12 months post-delivery. Retention for

mothers was 68% at six weeks post-delivery, decreasing to

58% by 12 months post-delivery.

Overall retention for infants was better than for mothers,

with 81% retained at 12 months. For mothers and infants

whose records were able to be linked as mother-baby pairs,

retention was similar for mothers and infants, 74% at 12

months for mothers and 79% for infants. Factors associated

with maternal retention were marital status, parity, CD4 count

(per 50 mm3 increase), whether ART was being received for

maternal health, rural health facility location and number of

HIV-positive pregnant women seen at the facility.

The proportion of women evaluated as mother-infant pairs

retained at 12 months post-delivery found in this study (74%)

is similar to data reported by the Rwandan Ministry of

Health, which indicated that 70% of women are retained

[20]. The 81% infant retention at 12 months is significantly

higher than the retention rates for Sub-Saharan Africa

reported in systematic review and met-analysis [21]. LFTU

among HEI at three months had a pooled estimate of 34%

from 11 studies in African countries. A South African study

Table 3. Mothers’a and infants’ retention at specified time intervals

Section A

Mothers’ retentiona Infants’ retention

Time Intervals N expt. N (Prop.) 95% CI N expt. N (Prop.) 95% CI

30 days 318 213 (0.67) 0.62, 0.72 N/A N/A N/A

Delivery 308 205 (0.67) 0.62, 0.72 N/A N/A N/A

6 weeks 300 203 (0.68) 0.63, 0.73 285 218 (0.77) 0.71, 0.81

2�4 months 300 201 (0.67) 0.62, 0.72 285 243 (0.85) 0.81, 0.89

5�7 months 300 193 (0.64) 0.59, 0.69 285 259 (0.91) 0.88, 0.94

8�10 months 298 185 (0.62) 0.56, 0.68 283 247 (0.87) 0.83, 0.91

11�13 months 298 172 (0.58) 0.52, 0.64 283 228 (0.81) 0.76, 0.86

Section B

Paired mother’s retentionb Paired infants’ retention

Time Intervals N expt. N (Prop.) 95% CI N expt. N (Prop.) 95% CI

30 days 200 147 (0.74) 0.68, 80.0 N/A N/A N/A

Delivery 200 200 (0.100) N/A N/A N/A N/A

6 weeks 198 166 (0.84) 0.79, 0.89 198 161 (0.82) 0.76, 0.86

2�4 months 198 167 (0.84) 0.79, 0.89 198 173 (0.88) 0.82, 0.92

5�7 months 198 165 (0.83) 0.78, 0.88 198 177 (0.90) 0.85, 0.93

8�10 months 196 155 (0.79) 0.73, 0.85 196 168 (0.86) 0.81, 0.91

11�13 months 196 144 (0.74) 0.68, 0.80 196 154 (0.79) 0.73, 0.85

Section C

Non-paired mother’s retentiona

Time intervals N expt. N (Prop.) 95% CI

30 days 118 66 (0.56) 0.47, 0.65

Delivery 108 5 (0.05) 0.009, 0.09

6 weeks 102 37 (0.37) 0.28, 0.46

2�4 months 102 34 (0.34) 0.25, 0.43

5�7 months 102 28 (0.28) 0.19, 9.37

8�10 months 102 30 (0.30) 0.21, 0.39

11�13 months 102 28 (0.28) 0.19, 0.37

aAnalysis based on 348 mothers; bpaired mothers; linked mother-infant records.
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Table 4. Retention among mothers in PMTCT programmes at specified time intervals by demographic characteristics

30 days Delivery 6 weeks 3 months 6 months 9 months 12 months

Prop 95% CI Prop 95% CI Prop 95% CI Prop 95% CI Prop 95% CI Prop 95% CI Prop 95% CI

Marital status

Divorced/separated 0.80 0.60, 0.100 0.80 0.60, 0.100 0.43 0.17, 0 69 0.36 0.11, 0.61 0.36 0.11, 0.61 0.50 0.24, 0.76 0.57 0.31, 0.83

Living as married 0.66 0.59, 0.73 0.64 0.57, 0.71 0.66 0.59, 0.73 0.66 0.59, 0.73 0.64 0.57, 0.71 0.61 0.54, 0.68 0.57 0.49, 0.64

Married 0.67 0.57, 0.77 0.75 0.66, 0.84 0.79 0.70, 0.88 0.78 0.69, 0.87 0.75 0.69, 0.87 0.74 0.65, 0.83 0.66 0.56, 0.76

Single 0.64 0.51, 0.83 0.48 0.30, 0.66 0.52 0.34, 0.70 0.52 0.34, 0.70 0.45 0.34, 0.70 0.41 0.23, 0.59 0.41 0.23, 0.59

Education

None 0.71 0.57, 0.85 0.71 0.57, 0.85 0.69 0.51, 0.82 0.60 0.44, 0.76 0.60 0.44, 0,76 0.57 0.41, 0.73 0.51 0.34, 0.68

Primary 0.65 0.60, 0.72 0.64 0.58, 0.70 0.66 0.59, 0.72 0.66 0.59, 0.72 0.63 0.56, 0.69 0.62 0.55, 0.69 0.58 0.51, 0.65

Secondary 0.67 0.52, 0.82 0.61 0.45, 0.76 0.61 0.45, 0.77 0.61 0.45, 0.77 0.58 0.42, 0.74 0.53 0.37, 0.69 0.53 0.37, 0.69

Occupation

Farmer 0.62 0.53, 0.71 0.82 0.75, 0.89 0.72 0.63, 0.81 0.70 0.61, 0.79 0.69 0.60, 0.78 0.66 0.57, 0.75 0.59 0.49, 0.69

Housewife 0.67 0.58, 0.76 0.50 0.41, 0.59 0.61 0.52, 0.70 0.63 0.54, 0.72 0.57 0.48, 0.66 0.56 0.47, 0.65 0.55 0.47, 0.65

Other 0.71 0.49, 0.93 0.35 0.12, 0.58 0.53 0.29, 0.77 0.53 0.29, 0.77 0.53 0.29, 0.77 0.53 0.29, 0.77 0.47 0.23, 0.71

Trader 0.69 0.56, 0.82 0.67 0.54, 0.80 0.65 0.52, 0.78 0.60 0.46, 0.74 0.58 0.42, 0.70 0.56 0.42, 0.70 0.54 0.40, 0.68

Known HIV status

Yes 0.66 0.60, 0.74 0.70 0.63, 0.77 0.69 0.62, 0.76 0.68 0.61, 0.75 0.67 0.60, 0.74 0.65 0.58, 0.72 0.59 0.52, 0.66

No 0.68 0.59, 0.76 0.61 0.52, 0.70 0.66 0.57, 0.75 0.66 0.57, 0.75 0.60 0.51, 0.69 0.58 0.49, 0.67 0.56 0.47, 0.65

Eligible for ART

Yes 0.72 0.66, 0.78 0.72 0.66, 0.78 0.76 0.70, 0.82 0.77 0.71, 0.83 0.73 0.69, 0.79 0.71 0.65, 0.77 0.66 0.59, 0.73

No 0.66 0.56, 0.76 0.63 0.53, 0.73 0.60 0.50, 0.70 0.55 0.45, 0.65 0.54 0.44, 0.64 0.52 0.42, 0.63 0.47 0.37, 0.57

Number of ANC visit

1�3 0.74 0.64, 0.86 0.82 0.73, 0.91 0.74 0.63, 0.85 0.77 0.65, 0.87 0.72 0.61, 0.84 0.70 0.58, 0.82 0.65 0.53, 0.78

4� 0.65 0.50, 0.80 0.80 0.69, 0.93 0.85 0.74, 0.96 0.80 0.68, 0.92 0.80 0.68, 0.92 0.68 0.54, 0.82 0.66 0.51, 0.80

ANC�antenatal care; ART�antiretroviral therapy; CI�confidence interval; HIV�human immunodeficiency virus; PMTCT�prevention of mother-to-child transmission; Prop�proportion retained.
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reported a LTFU of 85% at 12 months. This study and most of

the other studies were on programmes that offered single-

dose nevirapine. These programmes had higher LTFU com-

pared to programmes that offered more intensive regimens

such as Option B/B� [21].

The non-paired mothers appeared to have delivered

elsewhere, as only 5% were found in the delivery records.

Women may deliver in facilities other than where they have

registered, as they may perceive the quality of care to be

better in these facilities, or they may deliver at home, where

family members can provide support. Many of the unpaired

mothers (107/172) were from a single urban facility. During

the study period, this facility had begun offering maternity

services, so it was observed for a limited time (seven months).

Compared to the paired mothers, unpaired mothers tended

to be younger, be unmarried, have more secondary educa-

tion and have occupations other than farming. They also

attended ANC less frequently. Literature has found a positive

association between levels of education and better retention

[11,15]; in our study, this inverse relationship observed in

the bivariate analysis could be related to location as more

unpaired mothers were found in urban clinics, where reten-

tion appeared to be lower.

However, while women attending urban facilities appeared

to be less likely to be retained compared to women attending

facilities in rural areas, this was not significant in the adjusted

model. This finding is at variance with the tendency of higher

LFTU of pregnant and postpartum HIV-positive women seen

in large urban clinics reported by Tethani in Malawi [15].

Strategies should be developed to better retain single, HIV-

positive pregnant women. Such strategies could include peer

support groups linked to income-generating or skills-building

activities, tracing with active follow-up using mobile phone

texting/voice and the use of social media and community

health workers. Peer support group approaches have proved

tobe beneficial in improving retention in some settings [22,23],

as has the use of mobile phone texting [24]. In addition, the

use of conditional cash transfers could be explored.

ART eligibility was positively associated with retention. This

finding is consistent with findings that pregnant women who

have needed ART for their own health have better retention

compared to women who have not and are receiving ART

solely for PMTCT [15]. These women may better understand

the need to consistently return to the health facility because

they have experienced symptoms. By comparison, women

who are not ART eligible may not perceive themselves to be

ill. The positive association of CD4 count and retention may be

a function of improved CD4 status as a result of medication,

but may be also a result of referrals to better care for symp-

tomatic women. Positive associations between CD4 count

and retention were reported also among patients on ART in

Tanzania, Uganda and Zambia [25]. As an independent predi-

cator of retention, parity may reflect the profile of women

attending rural facilities, who tend to be older and married.

The strengths of this analysis include the utilization of

numerous registers, the statistical methods used to assess

retention and the novel exploration of health facility factors

and their impact on retention in Rwanda. A limitation of this

study was the limited number of health facilities, though

these health facilities were likely to be similar in operation to

other health facilities in Rwanda. Another limitation is that

retention may have been overestimated, as the availability of

good records was a criterion of site selection. The number of

participants was smaller than the expected sample size,

Table 5. Regression model of factors associated with retention among women, unadjusted and adjusted relative risks, (n�348)

Unadjusted relative risk Adjusted relative riska

Variable RR 95% CI p RR 95% CI p

Married 1.26 1.08, 1.47 0.003 1.26 1.11, 1.43 B0.001

Age/10 years 1.09 1.00, 1.19 0.042 1.01 0.93, 1.03 0.772

Education

Primary or less 1.02 0.87, 1.21 0.76 Excluded from final model

Secondary or more 0.78, 1.20 0.75

Parity 1.12 1.01, 1.24 0.026 1.02 0.89, 1,17 0.752

HIV status: Known 1.07 0.96, 1.18 0.222 0.98 0.92, 1.04 0.455

ART eligible: Yes 1.27 1.14, 1.42 B0.001 1.39 1.12, 1.73 0.003

CD4/50 mm3 0.99 0.98, 1.01 0.308 1.02 1.01, 1.03 B0.001

Employment

Farmer 1.19 1.05, 1.33 B0.001 Excluded from final model

Trader 1.05 0.89, 1.24 0.552

Other 0.89 0.68, 1.16 0.394

Facility location: Urban 0.79 0.74, 0.87 B0.001 0.39 0.12, 1.32 0.133

Number of HIV-positive pregnant women/20 0.96 0.95, 0.98 B0.001 1.14 0.91, 1.44 0.251

Number of facility deliveries 0.99 0.99, 1.00 0.406 Excluded from final model

Number of HIV- trained nurses 1.20 1.14, 1.28 B0.001

RR � relative risk; aadjusted for all covariates listed.
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which reduced the power to detect differences in retention

by the study variables. Finally, the data collection methods

were comprehensive, but complicated because of the number

of paper-based registers, and the lack of an electronic linkage

mechanism among the registers and between mother and

infant records.

Conclusions
Our data suggest that unmarried, apparently healthy, HIV-

positive pregnant women are at the greatest risk of being

lost-to-follow-up and may require additional support for pro-

gramme retention. With new recommendations that lifelong

ART should be started in all HIV-positive individuals, including

pregnant women, strategies are needed to identify, provide

support and trace those women at highest risk of LFTU. These

strategies could include risk profiling and support groups for

these women. Our study provides further evidence that a

targeted supportive approach, allowing a focus of additional

resources to the group of women at the highest risk of being

lost, would be appropriate. Areas for further research include

closer examination of the factors that could improve reten-

tion in urban areas, such as the use of mobile phones/texting

and social media, peer groups linked to income generating/

skills building activities. Research on facility-level factors

could include enhanced counselling, and the optimization of

patient tracking, staffing levels and configuration.
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