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pregnant women living with HIV (WLHIV) accessed anti-
retroviral therapy (ART) for PMTCT in 2019 (1). Despite 
this achievement, maintaining retention in care and viral 
suppression remain major challenges for this population. 
Multiple studies have estimated that nearly a third of women 
initiating ART during pregnancy become lost to follow-up 
(LTFU) during the subsequent year, and 30–40% of women 
retained in care do not maintain viral suppression in the 
postpartum period (2–7). Viral non-suppression for women 
living with HIV during pregnancy and the postpartum 
period is associated with multiple risks, including increased 
maternal morbidity and mortality, vertical HIV transmission 
to infants, horizontal transmission to partners, and develop-
ment and transmission of HIV drug resistance (8–19). In 
Eastern Africa, for example, an estimated 10,000 of 26,000 
new HIV infections in children in 2018 were the result of 
women not being retained in care and on ART throughout 
pregnancy and breastfeeding (20). Understanding retention 
and viral suppression in the PMTCT continuum, and the 
factors that influence these outcomes, is critical to tailoring 
effective interventions to this population.

To date, a variety of factors influencing retention and viral 
suppression in the PMTCT continuum have been identified. 

Introduction

In the prevention of mother-to-child transmission of HIV 
(PMTCT) cascade in Eastern and Southern Africa, the 
global regions most affected by HIV, an estimated 95% of 
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approved by the Institutional Research and Ethics Commit-
tee at Moi University and MTRH in Kenya. A waiver of 
informed consent was obtained because the data were rou-
tinely collected clinical data that were de-identified prior 
to analysis. The study was also exempt from IRB review 
at Indiana University in the United States because the data 
were de-identified prior to analysis. The reporting of this 
study follows the STROBE guidelines (see Supplementary 
Materials) (46).

Study setting and population

MTRH is the largest public referral hospital in western Kenya. 
Within MTRH are antenatal clinics (ANC) and postnatal 
clinics (PNC) that offer integrated HIV services provided by 
dedicated nurses, clinical officers, and peer counsellors (i.e., 
Mentor Mothers). Routine viral load testing is also available 
on site. MTRH is the headquarters of the Academic Model 
Providing Access to Healthcare (AMPATH). AMPATH is a 
USAID-funded HIV care and treatment program and a par-
ticipating site in the International Epidemiology Databases 
to Evaluate AIDS East Africa consortium (47, 48). Since 
2001, AMPATH has enrolled over 250,000 patients living 
with HIV at Ministry of Health facilities across western 
Kenya (49, 50). All AMPATH facilities, including MTRH, 
provide standard-of-care HIV treatment services based on 
national guidelines (41).

WLHIV were included in the study if they were preg-
nant or postpartum on or after September 1, 2015 (study 
start date), had one or more HIV or integrated ANC visits at 
MTRH during pregnancy, and had a delivery date (or esti-
mated delivery date [EDD] if delivery date was not avail-
able) that occurred at least 18 months prior to March 6, 2019 
(database closure). All HIV-exposed infants born to eligible 
WLHIV were also included.

At the time of the study, WHO and Kenyan HIV treat-
ment guidelines recommended efavirenz-based first-line 
ART for adults ≥ 15 years of age, including women of 
childbearing age (34, 42). Second-line ART was protease 
inhibitor (PI) based, either lopinavir or atazanavir, each in 
combination with ritonavir. For all WLHIV, a viral load 
was recommended at six months after ART initiation, and 
if < 1,000 copies/mL, repeated every six months for women 
who were pregnant or breastfeeding. For any woman with a 
viral load ≥ 1,000 copies/mL, a viral load was recommended 
to be repeated after at least three months of enhanced 
ART adherence counselling and support (41). The transi-
tion from first- to second-line ART was based on clinical 
treatment failure, defined as a viral load ≥ 1,000 copies/mL 
after ≥ 6 months on ART and ≥ 3 months of excellent adher-
ence, and after addressing any reasons for poor adherence. 
Typically, AMPATH clients are given an ART quantity that 

Among them, diagnosis of HIV and ART initiation during 
pregnancy is a pervasive theme, with one study finding that 
women who initiated ART during pregnancy were five times 
more likely to disengage from care compared to women 
who initiated ART because of advanced HIV disease (3, 21). 
Younger age, HIV-related stigma, fear of disclosure, and 
lack of social support have also been associated with lower 
rates of retention and viral suppression (2). Nevertheless, 
most studies have focused on retention during pregnancy 
or up to 12 months postpartum, despite data suggesting 
continued attrition beyond this period (3, 7, 22–29). These 
studies are also predominantly cross-sectional. Longitudinal 
measures of retention in the PMTCT continuum have been 
less frequently reported. In addition, due to feeding prac-
tices in Eastern and Southern Africa, breastfeeding and the 
risk of vertical transmission can last ≥ 18 months (30–33). 
To further complicate interpretation, many studies were 
conducted prior to the ‘Treat All’ era of universal ART eli-
gibility, which has contributed to an increasing proportion 
of WLHIV enrolled in PMTCT services who initiated ART 
prior to pregnancy (34, 35). Lastly, few studies have exam-
ined retention and viral suppression at settings in which 
maternal and child health services have integrated HIV care, 
an increasing trend in sub-Saharan Africa that may have a 
distinct impact on retention and viral suppression compared 
to non-integrated services (36–39).

Kenya has one of the largest HIV burdens in the world 
with an HIV prevalence of 6.1% among women of reproduc-
tive age (40). Kenya implemented the World Health Orga-
nization Option B + policy recommending lifelong ART for 
all pregnant WLHIV in 2014. This policy was subsumed by 
the ‘Treat All’ policy in 2016 (41, 42). These policies have 
facilitated significant reductions in vertical transmission in 
Kenya, from 26% to 2009 to 11% in 2018 (43–45). Still, 
PMTCT program-level data on retention and viral suppres-
sion in the ‘Treat All’ era are limited. The objective of this 
study was to determine retention and viral suppression for 
WLHIV and their infants at a large referral facility in Kenya 
providing integrated HIV and maternal and child health ser-
vices, and identify characteristics of WLHIV that may pre-
dict poor retention and viral suppression in the ‘Treat All’ 
era.

Methods

Study design

This retrospective cohort study used electronic medical 
record data from WLHIV who received HIV care during 
pregnancy at Moi Teaching and Referral Hospital (MTRH) 
in western Kenya, from 2015 to 2019. The study was 
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HIV testing schedule in Kenya and are frequently used as 
retention endpoints in the PMTCT literature (2, 53). This 
approach provides a point prevalence of the proportion of 
women in care at each time point but does not account for 
patient churn, the movement of women in and out of care, 
which may occur between these timepoints (54). Therefore, 
we also calculated the prevalence of gaps in care, defined 
as missing any scheduled visit by > 30 days, within periods 
delineated by the above time points. This approach allows 
for a more in-depth analysis of retention during PMTCT 
follow-up.

Women who transferred out or died were also enumer-
ated. A threshold of 30 days was selected based on the 
observed timing of scheduled return visits at the clinic 
(next paragraph). To analyze the prevalence of gaps in each 
period, subjects could transition from the ‘gap’ to ‘no gap’ 
states (or vice versa) across periods, based on the absence or 
presence of a gap in care, respectively. Women who died or 
transferred out were not included in subsequent time peri-
ods, and women who became LTFU, defined as missing the 
last scheduled visit by > 30 days and not returning by 18 
months postpartum, remained in the ‘gap’ state.

To understand the retention data in the context of rou-
tine care at MTRH, we determined the timing and frequency 
of routine clinic visits to MTRH during pregnancy and the 
postpartum periods. We calculated the median number of 
attended visits during these periods, where HIV services 
were accessed (i.e., HIV clinic or integrated ANC), and the 
timing of scheduled return visits during PMTCT follow-up. 
We also calculated the weeks post-delivery at the first post-
partum visit, censoring at 90 days postpartum for women 
who did not have any postpartum visit unless they died or 
transferred out beforehand. NHPs and KHPs were com-
pared using the log rank test.

Logistic regression models were used to calculate unad-
justed and adjusted odds ratios (aOR) and 95% confidence 
intervals (CI) for independent variables to assess their asso-
ciations with non-retention (i.e., the inverse of retention 
defined above) and gaps in care, respectively. Independent 
variables of age and gestational age were measured at the 
time of ANC enrollment or pregnancy identification. Other 
independent variables included WHO stage prior to ART 
initiation, NHP status and ART base class. The gaps-in-care 
analysis was set up similar to the non-retention analysis, 
with the exception that the dependent variable was defined 
as the occurrence of a gap in care at any point in time from 
pregnancy to 18 months postpartum.

To examine factors associated with viral suppression 
during pregnancy, we selected for analysis the subset of 
women who were KHP, ≥ 6 months post-ART initiation, 
and had at least one viral load within the period from preg-
nancy through two weeks post-delivery. If two or more viral 

corresponds with the duration of time until their next sched-
uled appointment, in monthly increments (i.e., a 30-, 60- or 
90-day supply). Some pregnant women are given a limited 
surplus of ART during the month leading up to delivery, to 
help ensure that they do not have a gap in treatment dur-
ing the peripartum and early breastfeeding periods. HIV-
exposed infants were recommended to have HIV DNA PCR 
testing at 6 weeks, 6 months, and 12 months, followed by 
HIV antibody testing at 18 months, which should occur 6 
weeks after cessation of breastfeeding.

Data management

We used clinical and viral load data available in the 
AMPATH electronic medical record that was collected 
by clinicians during routine care, initially on paper forms 
which were back-entered into the electronic medical record 
by a data clerk, and from 2019 by point-of-care data entry 
(51).

Data analysis

Eligible women were delineated based on the timing of 
enrollment in HIV care: newly HIV-positive (NHP; women 
enrolled in HIV care during pregnancy) and known HIV-
positive (KHP; women enrolled in HIV care before preg-
nancy). Patient-level, independent variables at the time of 
enrollment in ANC or pregnancy identification included: 
age, gestational age, time on ART, antiretroviral base class, 
viral load (with window of 6 months before or after), CD4 
at ART initiation (closest within 90 days before and 7 days 
after ART initiation), and WHO stage at ART initiation. For 
the latter, the maximum WHO stage prior to ART initia-
tion was taken to be the WHO stage at ART initiation. If 
the WHO stage at ART initiation was missing and the next 
available WHO stage was 1 or 2, then the WHO stage at 
ART initiation was assumed to be stage 1 or 2. Otherwise, 
the WHO stage at ART initiation was recorded as missing.

Independent variables following enrollment through 18 
months postpartum included: age at delivery, time from 
ART initiation to delivery, delivery method, pregnancy 
outcome, duration of breastfeeding, tuberculosis treatment, 
repeat pregnancy, and viral suppression (defined as < 1,000 
copies/mL during pregnancy plus 2 weeks post-delivery 
and ≥ 6 months post-ART initiation) (42, 52). Percentages 
of categorical variables were compared between NHPs and 
KHPs using Chi-square or Fisher’s exact tests. Medians of 
continuous variables were compared using the Wilcoxon 
rank sum test.

Retention in care was defined as attending clinic +/- 
90 days of four time points: delivery, and 6, 12 and 18 
months postpartum. These timepoints align with the infant 
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analysis. Women who became LTFU were conservatively 
assumed to be not virally suppressed at the time that they 
became LTFU. The covariates used in both of these models 
were the same as those used in the logistic models of non-
retention and gaps in care described above. Time on ART 
was not included in this model due to its collinearity with 
NHP status. Women with no visits following delivery were 
excluded. This analysis was performed using the function 
ciregic in the R package intccr (57).

Results

Characteristics of women at enrollment in ANC or 
pregnancy identification

A total of 967 pregnant and postpartum WLHIV enrolled in 
care on or after September 1, 2015 and had a delivery date 
that occurred at least 18 months prior to database closure. 
Of these, 111 were excluded because they had no HIV or 
integrated ANC visits at MTRH during pregnancy, result-
ing in 856 pregnant WLHIV eligible for analysis along with 
their HIV-exposed infants. Among the eligible women, 167 
(20%) were NHPs and 689 (80%) were KHPs (Table 1). 
Compared to KHPs, NHPs had a lower median age and 
greater gestational age at pregnancy identification, higher 

load measures were available within this period, the viral 
load closest to the delivery date was selected. This analy-
sis excluded women who were NHP because Kenya HIV 
treatment guidelines recommend that an initial viral load 
test be performed six months after ART initiation (53). 
Viral suppression at any point during the postpartum period 
(pregnancy plus two weeks after pregnancy through to 18 
months) was modeled using logistic regression. These anal-
yses were conducted using SAS software (55).

Finally, we used a semiparametric proportional odds 
regression approach for interval-censored competing risk 
data to analyze the cumulative incidence of viral suppres-
sion from two weeks to 18 months post-delivery (censor-
ing event), and ≥ 6 months post-ART initiation (56). This 
approach was used because the time from delivery to viral 
suppression was not precisely observed and was only 
known to lie between the last positive and the first nega-
tive viral load (interval censoring), and because losses to 
follow-up and deaths were competing events to viral sup-
pression. In this analysis, time zero was the date of delivery 
and 18 months postpartum was the censoring date; LTFU 
was defined as missing the last scheduled visit by > 30 days 
and not returning by 18 months postpartum; women who 
transferred out were censored at the date of the transfer; and, 
if two or more viral load measures were available within 
this period, the earliest chronologic viral load was used for 

Characteristic Total
n (%)
n = 856

New HIV-
Positive
n (%)
n = 167

Known 
HIV-Positive
n (%)
n = 689

Test 
Statistic

P-valuea

Age, median years (IQR) 31 
(27–36)

28 (23–32) 32 (28–36) Z = -8.0 < 0.001

Gestation age, median weeks 
(IQR)

20 
(14–28)

24 (17–31) 20 (13–27) Z = 4.5 < 0.001

Maximum WHO stage prior to 
ART initiation
WHO stage 1 or 2 660 (77) 156 (93) 504 (73) X2 = 41.5 < 0.001
WHO stage 3 or 4 169 (20) 3 (1.8) 166 (24)
Missing 27 (3.2) 8 (4.8) 19 (2.8)
CD4 at ART initiation, median 
(IQR)b

233 
(139–
390)

365 
(204–572)

226 (136–362) Z = 3.8 < 0.001

Time on ART, median years 
(IQR)

2.7 
(0.1–5.6)

0.0 
(0.0–0.0)

3.8 (1.5–6.3) Z = -18.3 < 0.001

ART base class
NNRTI 763 (89) 163 (98) 600 (87) n/ac < 0.001
PI 87 (10) 1 (0.6) 86 (13)
Missing 6 (0.7) 3 (1.8) 3 (0.4)
Viral load suppressed
Yes 471 (55) n/a 471 (68) n/a
No 73 (8.5) n/a 73 (11)
Missing 312 (36) n/a 145 (21)

Table 1 Characteristics of women at enroll-
ment in ANC or pregnancy identification, 
delineated by timing of HIV diagnosis

IQR, interquartile range; NNRTI, non-
nucleoside reverse transcriptase inhibitor; 
PI, protease inhibitor
a Calculated differences between groups 
exclude those with missing data
b CD4 available for 395 KHPs and 54 NHPs
c Fisher’s Exact Test. Test statistic not avail-
able
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prior to pregnancy, and among them, 88% were virally sup-
pressed. During pregnancy, viral suppression among 404 
KHPs with an available viral load was 88%. Viral suppres-
sion among NHPs and KHPs with a postpartum viral load 
was 93% and 88%, respectively. However, 41% of NHPs 
and 13% of KHPs did not have a documented postpartum 
viral load. This was partly due to attrition, as 42% of NHPs 
and 29% of KHPs missing a viral load had either died or 
become LTFU before a viral load could be obtained.

Documented mortality was low, occurring for one NHP 
and three KHPs (Fig. 1). Transfers out were also low, occur-
ring for 2.5% of NHPs and 0.9% of KHPs during the post-
partum period. During pregnancy, 25% of NHPs and 24% of 

proportion with WHO stage 1 or 2, and higher median CD4 
at ART initiation. Among 544 KHPs with a viral load +/- 6 
months of pregnancy identification, 87% were suppressed.

Characteristics of women through 18 months 
postpartum

The median time from ART initiation to delivery for NHPs 
and KHPs was 15 and 218 weeks, respectively (Table 2). 
The pregnancy outcome was documented for 87% of 
women. Miscarriages and pre-term deliveries were each 
documented in < 1% of pregnancies. A total of 361 (52%) 
women had a documented viral load within the 12 months 

Characteristic Total
n (%)
n = 856

New HIV-
Positive
n (%)
n = 167

Known 
HIV-Positive
n (%)
n = 689

Test 
Statistic

P-valuea

Age at delivery, median years 
(IQR)

32 
(27–36)

28 (24–32) 33 (29–37) Z = -8.1 < 0.001

Time from ART initiation to 
delivery, median weeks (IQR)

155 
(30–310)

15 (8–23) 218 (98–344) Z = -18.4 < 0.001

Pregnancy outcome
Miscarriage 5 (0.6) 1 (0.6) 4 (0.6) n/af 0.999
Pre-term delivery 4 (0.5) 0 (0) 4 (0.6)
Term delivery 740 (86) 126 (75) 614 (89)
Missing 107 (13) 40 (24) 67 (9.7)
Method of deliveryb

Vaginal 604 (81) 99 (79) 505 (81) X2 = 0.1 0.757
 C-section 108 (15) 19 (15) 89 (14)
Missing 34 (4.6) 7 (5.6) 27 (4.3)
Tuberculosis treatment 16 (1.9) 2 (1.2) 14 (2.0) n/af 0.750
Repeat pregnancy 25 (2.9) 2 (1.2) 23 (3.3) n/af 0.199
Viral load suppressed in 
pregnancy
Yes 360 (42) 4 (2.4) 356 (52) X2 = 0.5 0.463
No 48 (5.6) 0 (0) 48 (7.0)
Missing 448 (52) 163 (98) 285 (41)
Viral load suppressed 
postpartumc

Yes 615 (72) 91 (55) 524 (76) X2 = 2.3 0.126
No 82 (9.6) 7 (4.2) 75 (11)
Missing 159 (19) 69 (41) 90 (13)
Duration of breastfeeding, 
median weeks (IQR)d

48 
(38–54)

47 (28–53) 48 (39–54) Z = -2.0 0.049

Duration of exclusive breastfeed-
ing, median weeks (IQR)e

26 
(20–28)

26 (20–28) 26 (20–28) Z = 0.0 0.982

Postpartum retention in care
6 months 749 (88) 116 (70) 633 (92) X2 = 61.7 < 0.001
12 months 727 (85) 112 (67) 615 (89) X2 = 51.7 < 0.001
18 months 661 (77) 88 (53) 573 (83) X2 = 70.9 < 0.001
LTFU 229 (27) 69 (41) 160 (23) X2 = 22.5 < 0.001
Death 4 (0.5) 1 (0.6) 3 (0.4) n/af 0.581

Table 2 Characteristics of women and their 
infants through 18 months postpartum, 
delineated by timing of HIV diagnosis

a Calculated differences between groups 
exclude those with missing data
b N = 746 (NHP: 125, KHP: 621) because 
these data are only captured in the infant’s 
data collection form
c Number of viral loads available for each 
subject are 0 viral loads (n = 151 subjects), 1 
(n = 263), 2 (n = 330), 3–7 (n = 112)
d N = 720 (NHP:121, KHP:599)
e N = 602 (NHP:103, KHP:499)
f Fisher’s Exact Test. Test statistic not avail-
able

 

3498



AIDS and Behavior (2022) 26:3494–3505

1 3

durations of any and exclusive breastfeeding among all 
infants were 48 and 26 weeks, respectively. Overall, 89% of 
women retained in care were still breastfeeding at 6 months 
postpartum, 39% at 12 months, and 1.5% at 18 months.

Characteristics of infants

Among 698 infants with one or more HIV test results from 
birth through 18 months postpartum, 1.9% were HIV posi-
tive (Table S2). However, 40–65% of all infants known to 
be alive did not have a documented HIV test result at each 
of the 6 week and 6, 12 and 18 month time points. Among 
infants retained in care at 18 months, 95% had stopped 
breastfeeding and of these, 39% were missing an HIV test 
after stopping breastfeeding.

KHPs experienced a gap in care. The prevalence of gaps in 
care ranged from 10 to 32% across postpartum periods and 
was highest during the period from 12 to 18 months post-
partum. Overall retention at 6 months postpartum was 88%, 
decreasing to 85% and 77% at 12 and 18 months, respec-
tively (Table 2). A higher proportion of KHPs compared to 
NHPs were retained at each time point, with 83% of KHPs 
and 53% of NHPs retained at 18 months postpartum. Cumu-
latively, 41% of NHPs and 23% of KHPs became LTFU by 
18 months postpartum. The routine postpartum visit sched-
ule pattern that emerged indicated that monthly return visits 
were scheduled for the first 12 months postpartum followed 
by return visits scheduled every two months starting in 
month 13 (Table S1).

There was no difference in the duration of breastfeed-
ing among infants born to NHPs versus KHPs. The median 

Fig. 1 Gaps in care during pregnancy and the postpartum period (n = 856).a
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during pregnancy compared to those with WHO stages 1 or 
2 (aOR = 0.45).

Associations with viral suppression following 
delivery

In the competing risk model for time to viral suppression 
following delivery, the adjusted odds of viral suppression 
increased by 18% for each additional year of age at deliv-
ery (Table 4; see Table S4 for summary statistics by event). 
Conversely, the adjusted odds of death/LTFU decreased 
by 13% for each additional year of age at delivery. NHP 
status was not associated with viral suppression or death/
LTFU. In a sensitivity analysis including only subjects with 
one or more available postpartum viral loads, the estimates 
from the bivariate models were similar to those in the entire 
cohort (Table S5).

Discussion

In this study, we found that NHPs had four times the odds 
of not being retained in care by 18 months postpartum com-
pared to KHPs after controlling for other factors. This find-
ing is consistent with those of prior studies and emphasizes 

Associations with gaps in care and non-retention

Older age was associated with a slightly lower adjusted odds 
of experiencing a gap in care (aOR = 0.96; Table 3). Older 
age was also associated with a lower adjusted odds of non-
retention at 18 months (aOR = 0.95). Other factors associ-
ated with a higher adjusted odds of non-retention include 
receipt of a PI/other ART base class (aOR = 1.88) and NHP 
status (aOR = 3.79),

Associations with viral suppression during 
pregnancy

In the adjusted logistic regression model, KHPs with doc-
umented pre-pregnancy viral suppression had four times 
the odds of being virally suppressed during pregnancy 
compared to KHPs without pre-pregnancy viral suppres-
sion (aOR = 4.05; Table S3). Older age was associated 
with a slightly higher adjusted odds of viral suppression 
(aOR = 1.10). Those with WHO stages 3 or 4 pre-ART ini-
tiation had lower adjusted odds of being virally suppressed 

Table 3 Factors associated with experiencing a gap in care and non-
retention in care, respectively

Gap in care
n = 792a

Non-retention at 
18 months
n = 829b

Characteristic Unad-
justed OR
(95% CI)

Adjusted OR
(95% CI)

Unad-
justed 
OR
(95% 
CI)

Adjusted 
OR
(95% 
CI)

Age (years) 0.97 
(0.94–0.99)

0.96 
(0.93–0.99)

0.93 
(0.90–
0.95)

0.95 
(0.92–
0.97)

Gestational age 
(weeks)

0.98 
(0.96-1.00)

0.98 
(0.96-1.00)

0.99 
(0.98–
1.01)

0.98 
(0.96-
1.00)

Maximum WHO 
stage pre-ART 
initiation
WHO stage 1 
or 2

Ref. Ref. Ref. Ref.

WHO stage 3 
or 4

1.41 
(0.87–2.26)

1.51 
(0.92–2.47)

0.51 
(0.32–
0.82)

0.78 
(0.47–
1.28)

ART base class
NNRTI Ref. Ref. Ref. Ref.
PI/other 1.39 

(0.72–2.71)
1.41 
(0.72–2.78)

1.18 
(0.69–
2.01)

1.88 
(1.07–
3.30)

NHP status 0.94 
(0.60–1.49)

0.99 (0.60–1.63)4.23 
(2.92–
6.14)

3.79 
(2.50–5.76)

a Includes 646 with gap and 146 without gap
b Includes 644 retained and 185 not retained women

Table 4 Competing risk model for factors associated with time to viral 
suppression following delivery

Model of viral 
suppressiona

Model of death/LTFUa

Characteristic Unadjusted 
OR
(95% CI)

Adjusted 
OR
(95% CI)

Unadjusted 
OR
(95% CI)

Adjusted 
OR
(95% 
CI)

Age (years) 1.15 
(1.13–1.17)

1.18 
(1.12–
1.25)

0.89 
(0.87–0.91)

0.87 
(0.82–
0.93)

Gestational age 
(weeks)

1.10 
(1.07–1.12)

0.99 
(0.94–
1.03)

0.94 
(0.92–0.96)

1.03 
(0.97–
1.08)

Maximum WHO 
stage prior to 
ART initiation
WHO stage 1 
or 2

Ref. Ref. Ref. Ref.

WHO stage 3 
or 4

2.56 
(1.91–3.43)

0.92 
(0.72–
1.18)

1.22 
(0.73–2.03)

1.16 
(0.78–
1.74)

ART base class
NNRTI Ref. Ref. Ref. Ref.
PI/other 2.37 

(1.75–3.20)
0.94 
(0.70–
1.27)

2.36 
(1.40–3.97)

1.10 
(0.72–
1.68)

NHP status 2.73 
(2.07–3.58)

1.18 
(0.93–1.49)

1.41 
(0.90–2.22)

1.36 
(0.85–2.17)

a Includes 770 women with complete data
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care and had a viral load test. In our study, 41% of NHPs 
and 13% of KHPs were missing a postpartum viral load 
test, which was partly due to attrition. Viral suppression was 
likely lower among postpartum WLHIV who had become 
LTFU (67). Moreover, 29% of NHPs and 46% of KHPs 
who were missing a VL did so despite being in care at a 
facility with on-site viral load testing. This is a significant 
shortcoming that must be addressed to achieve the final 
‘90’ for this population. Continuous quality improvement 
approaches could be adopted to overcome barriers to viral 
load testing and adherence to testing guidelines (23, 68, 69). 
These approaches could also be used to improve uptake of 
HIV testing for infants, among whom a high proportion 
were missing HIV test results in our study (70–72).

Finally, only older age, and not NHP status, was associ-
ated with time to viral suppression following delivery. This 
finding suggests that NHPs who are able to overcome the 
challenge of being diagnosed with HIV during pregnancy 
and remain in care are also able to achieve viral suppression 
comparable to KHPs. A similar selection effect probably 
also explains the finding in our study that pre-pregnancy 
viral suppression among KHPs is a significant predictor of 
viral suppression during pregnancy (73). While the major-
ity of postpartum viremic episodes among women initiating 
ART during pregnancy has been attributed to poor adher-
ence (18, 74), postpartum viremia among KHPs is more 
likely to be associated with virologic failure and emergence 
of drug resistance (75). Thus, enhancing postpartum viral 
suppression may still require interventions specifically 
designed for each group.

Our study has strengths and limitations. Strengths include 
its large sample size and use of routine program data likely 
reflecting typical care environments in the region. Our study 
also addresses knowledge gaps concerning retention and 
viral suppression in the PMTCT continuum in the ‘Treat 
All’ era, and in the context of a facility providing integrated 
HIV and maternal and child health services. The breadth 
the AMPATH program, whose catchment covers much of 
western Kenya, is also a strength, as it facilitates verification 
that pregnant women newly presenting to care are indeed 
NHP rather than silently transferring in or re-engaging in 
care after a period of disengagement. Limitations include 
the use of retrospective data, which limited our ability to 
understand the social-ecological factors driving non-reten-
tion or viral non-suppression for WLHIV (e.g. stigma and 
disclosure, mental health, and socioeconomic status). Miss-
ing data, particularly maternal viral loads and infant HIV 
tests, may also limit extrapolation of our findings to broader 
populations. For example, missing viral load and HIV 
test results may indicate missed appointments, potentially 
implying that patients with test results had higher levels of 
engagement in care and ART adherence compared to those 

that a new HIV diagnosis during pregnancy is a significant 
risk factor for non-retention in the PMTCT continuum (3, 
21). KHPs who initiated ART under the ‘Treat All’ policy 
had likely already negotiated the barriers to retention and 
ART adherence that a new HIV diagnosis presents, and 
therefore had lower odds of disengaging from care com-
pared to NHPs. Overall retention at 12 months postpartum 
in our study was 67% for NHPs and 89% for KHPs. These 
rates are similar to those reported in a study by Akama et al 
in western Kenya, which found that retention was 66% for 
NHPs and 82% for KHPs by approximately 12 months post-
partum (21). In our study, approximately a third of women 
who became LTFU did so after 12 months postpartum, 
however, resulting in lower retention at 18 months (53% 
for NHPs and 83% for KHPs) compared to at 12 months. 
This demonstrates the importance of examining retention 
throughout the entire PMTCT continuum. It is clear that 
retention in care remains a formidable challenge at this 
integrated, public-sector PMTCT program in the ‘Treat All’ 
era. Addressing this challenge will require enhanced service 
delivery to NHPs who are at highest risk of non-retention 
in the PMTCT continuum. Intensified mentor mother sup-
port, disclosure counselling, male partner involvement, text 
messaging, and conditional cash transfers may be scalable 
and economically feasible interventions to enhance service 
delivery for this population (58–65).

Gaps in care were also prevalent, occurring for more than 
20% of women during pregnancy and 10–32% of women 
during the postpartum periods. These gaps could indicate 
ART interruptions and subsequent HIV viremia, increas-
ing the risks of onward HIV transmission and development 
of drug resistance. For the program, these gaps could also 
indicate significant consumption of its patient outreach and 
defaulter tracking resources to prevent women from becom-
ing LTFU. Alternatively, these gaps could represent mostly 
benign variations in appointment adherence among women 
with adequate quantities of ART, who are simply adjusting 
their clinic schedule to accommodate their work and other 
responsibilities. In this scenario, patient outreach and track-
ing are not needed. In a multiple regression analysis, age 
was the only factor that discriminated modestly between 
women who did and did not have a gap in care. Thus, while 
non-retention defined cross-sectionally at 18 months post-
partum could largely be predicted by NHP status, gaps in 
care could not. Further research is needed to understand the 
etiologies and clinical impact of gaps in PMTCT care to 
determine when and how programs should optimally inter-
vene when they occur.

We also found that postpartum viral suppression was 
88%, approaching the UNAIDS final ‘90’ target of ≥ 90% 
viral suppression among those on ART (66). However, this 
finding primarily pertains to women who were retained in 
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