
Articles
The Lancet Regional
Health - Europe
2023;31: 100656

Published Online 1 June

2023

https://doi.org/10.
1016/j.lanepe.2023.
100656
Viral suppression and retention in HIV care during the
postpartum period among women living with HIV: a
longitudinal multicenter cohort study
Paolo Paioni,a,∗ Karoline Aebi-Popp,b,c Begoña Martinez de Tejada,d Christoph Rudin,e Enos Bernasconi,f Dominique L. Braun,g Roger Kouyos,g

Noémie Wagner,h Pierre Alex Crisinel,i Sabine Güsewell,j Katharine E. A. Darling,k Andrea Duppenthaler,l Marc Baumann,m Christian Polli,n

Tina Fischer,o and Christian R. Kahlert,j,p the Swiss HIV Cohort Study (SHCS) and the Swiss Mother and Child HIV Cohort Study (MoCHiV)

aDivision of Infectious Diseases and Hospital Epidemiology, University Children’s Hospital Zurich, Zurich, Switzerland
bDepartment of Infectious Diseases, Bern University Hospital, University of Bern, Switzerland
cDepartment of Obstetrics and Gynecology, Lindenhofspital Bern, Switzerland
dDepartment of Obstetrics and Gynecology, University Hospital Geneva, University of Geneva, Switzerland
eUniversity Children’s Hospital Basel, Switzerland
fDivision of Infectious Diseases, Ente Ospedaliero Cantonale, University of Geneva and University of Southern Switzerland, Lugano,
Switzerland
gDivision of Infectious Diseases and Hospital Epidemiology, University Hospital Zurich, Zurich, Switzerland
hPediatric Infectious Diseases Unit, Department of Pediatrics, Gynecology and Obstetrics, University Hospitals Geneva, Switzerland
iUnit of Pediatric Infectious Diseases and Vaccinology, Department Women-Mother-Child, Lausanne University Hospital and University
of Lausanne, Lausanne, Switzerland
jCantonal Hospital St. Gallen, Infectious Diseases and Hospital Epidemiology, St Gallen, Switzerland
kInfectious Diseases Service, Lausanne University Hospital and University of Lausanne, Lausanne, Switzerland
lDepartment of Pediatrics, Inselspital, Bern University Hospital, University of Bern, Bern, Switzerland
mDepartment of Obstetrics and Gynecology, Inselspital, Bern University Hospital, University of Bern, Bern, Switzerland
nDepartment of Obstetrics and Gynecology, Regional Hospital, Lugano, Switzerland
oDepartment of Obstetrics, Community Hospital St. Gallen, St. Gallen, Switzerland
pChildren’s Hospital of Eastern Switzerland, Infectious Diseases and Hospital Epidemiology, St Gallen, Switzerland

Summary
Background Low rates of postnatal retention in HIV care and viral suppression have been reported in women living
with HIV (WLWH) despite viral suppression at delivery. At the same time, postpartum follow-up is of crucial
importance in light of the increasing support offered in many resource-rich countries including Switzerland to
WLWH choosing to breastfeed their infant, if optimal scenario criteria are met.

Methods We longitudinally investigated retention in HIV care, viral suppression, and infant follow-up in a
prospective multicentre HIV cohort study of WLWH in the optimal scenario who had a live birth between January
2000 and December 2018. Risk factors for adverse outcomes in the first year postpartum were assessed using
logistic and proportional hazard models.

Findings Overall, WLWH were retained in HIV care for at least six months after 94.2% of the deliveries (694/737). Late
start of combination antiretroviral therapy (cART) during the third trimester was found to be the main risk factor for failure
of retention in HIV care (crude odds ratio [OR] 3.91; 95% confidence interval [CI], 1.50–10.22; p = 0.005). Among mothers
on cART until at least one year after delivery, 4.4% (26/591) experienced viral failure, with illicit drugs use being the most
important risk factor (hazard ratio [HR], 13.2; 95% CI, 2.35–73.6; p = 0.003). The main risk factors for not following the
recommendations regarding infant follow-up was maternal depression (OR, 3.52; 95% CI, 1.18–10.52; p = 0.024).

Interpretation Although the results are reassuring, several modifiable risk factors for adverse postpartum outcome,
such as late treatment initiation and depression, were identified. These factors should be addressed in HIV care of all
WLWH, especially those opting to breastfeed in resource-rich countries.
Abbreviations: aOR, Adjusted odds ratio; cART, Combination antiretroviral therapy; CI, Confidence interval; OR, Crude odds ratio; GA, Gestational age;
HR, Hazard ratio; IQR, Interquartile range; LTFU, Lost to follow-up; MoCHiV, Swiss mother and child HIV Cohort study; PLWH, People living with
HIV; pVL, Plasma viral load; SHCS, Swiss HIV Cohort Study; WLWH, Women living with HIV
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Research in context

Evidence before this study
Despite major advances in antiretroviral treatment, low rates
of postnatal retention in HIV care and viral suppression have
been reported in women living with HIV (WLWH). As an
increasing number of resource-rich countries recognize the
importance of supporting WLWH with a strong wish to
breastfeed their infant, postpartum follow-up becomes crucial
to avoid vertical HIV transmission. We searched PubMed for
studies published in English between January 1st, 2010 and
December 1st, 2022 using following search terms: “HIV” AND
“postpartum period” AND (“retention in HIV care” OR “lost to
follow up” OR “viral load” OR “viral rebound”). We identified
several studies evaluating retention in HIV care and viral
suppression during the postpartum period in WLWH, but
none of them focused specifically on the outcome of women
with fully suppressed plasma viral loads (pVL) at delivery.
Additionally, we couldn’t identify any study combining
maternal and infant follow-up information.

Added value of this study
This study focused on a clearly defined subgroup of pregnant
WLWH with regular antenatal HIV care and fully suppressed

HIV pVL. Results confirm that most WLWH meeting these
criteria also achieved the outcomes that are essential to
support breastfeeding in resource-rich settings. Additionally,
several modifiable risk factors for adverse postpartum
outcomes were identified, which can be addressed when
providing HIV care to all WLWH, particularly those opting to
breastfeed in resource-rich countries. The results provide
direct implications for the care of pregnant WLWH and their
offspring and contribute to the ongoing public health
discussions regarding the provision of support for WLWH who
choose to breastfeed their infant in resource-rich countries.

Implications of all the available evidence
Antenatal HIV care engagement is essential for avoiding
unfavourable postpartum outcomes. Factors such as late
treatment initiation, illicit drug use and depression should be
addressed to enhance adherence to cART and retention in HIV
care during the postpartum period among WLWH and their
offspring.
Introduction
The postpartum period is a vulnerable phase charac-
terized by irregular sleep and elevated risk for mood
disorders. Even if HIV is suppressed during pregnancy
and the majority of pregnant women in resource-rich
countries show viral suppression at delivery,1 low rates
of postnatal retention in HIV care and viral suppression
have been described.2–4 These findings fuel existing
doubts about the safety of breastfeeding in women
living with HIV (WLWH), as in the event of elevated
maternal HIV plasma viral load (pVL) despite combi-
nation antiretroviral therapy (cART), the risk for vertical
transmission of HIV might be increased. Current Swiss
recommendations for medical care of WLWH and their
offspring, published on December 10, 2018,5 do not
actively recommend breastfeeding. However, mothers
with a strong wish to breastfeed, are supported in a
shared decision making process after weighting the pros
and cons but only if certain criteria are met. These
criteria define an “optimal scenario” under the following
conditions: the pregnant woman (i) is under regular
clinical care and (ii) has a suppressed HIV pVL of <50
RNA copies/ml ideally throughout pregnancy, but at
least at the last two consecutive measurements before
birth (minimal interval of four weeks and the last
measurement within four weeks before delivery). This
new approach strengthens the autonomy of the mother6

and allows for an appropriate support of women in this
situation to ensure the best medical care for both
mother and child. In fact, in the first three months after
delivery pVL monitoring is intensified in women opting
to breastfeed (i.e. monthly). In a recently published
study describing the successful implementation of the
Swiss recommendations for medical care of WLWH and
their offspring,7 61% of the mothers fulfilling the
criteria of the optimal scenario decided to breastfeed
their infant. The median duration of breastfeeding was
6.3 months (range 0.7–25.7, IQR 2.5–11.1). The
assumption of a very low risk of HIV transmission
through breastfeeding in this setting is based mainly on
the results of the PROMISE trial in southern Africa.8,9

When related to the relevant exposure risk of HIV
www.thelancet.com Vol 31 August, 2023

http://creativecommons.org/licenses/by-nc-nd/4.0/
www.thelancet.com/digital-health


Articles
transmission (i.e. the frequency of breastfeeding epi-
sodes), these results are comparable to the results of the
PARTNER Study,10 which provided compelling evidence
to support the U = U (undetectable equals untransmit-
table) campaign on sexual HIV transmission.11,12 How-
ever, before U = U can be applied without any doubt to
breastfeeding, many unknowns remain and all clinical
guidelines from high-income countries still advice
against breastfeeding with HIV, even though they
recognize the need of supporting women who choose to
breastfeed.13,14 Although the question “Does U = U apply
to breastfeeding?” will probably not be answered for
some time, insights into the challenges of postpartum
care over time are an invaluable support for the man-
agement of WLWH wishing to breastfeed.

In this study, we investigated retention in HIV care,
viral suppression, and infant follow-up during the
postpartum period in WLWH fulfilling “optimal sce-
nario” criteria. Although the risk of vertical trans-
mission wasn’t addressed in the presented analysis, the
outcomes assessed here are of crucial importance to
maternal and child’s health given the increasing support
for breastfeeding in WLWH in many resource-rich
countries.
Methods
Study design, study population, and data collection
The Swiss HIV Cohort Study (SHCS) is a systematic
longitudinal cohort study enrolling people living with
HIV (PLWH) in Switzerland. Since 1988 more than
21,000 PLWH have been prospectively enrolled and
continuously followed at seven cohort centres, affiliated
hospitals, and private practices throughout
Switzerland.15 The Swiss Mother and Child HIV Cohort
Study (MoCHiV) is a substudy of the SHCS and pro-
spectively collects data on pregnant WLWH, their in-
fants, as well as children living with HIV irrespective of
the mother’s HIV status.

All WLWH included in the SHCS and MoCHiV who
had a live birth between January 2000 (i.e. broad intro-
duction of cART) and December 2018 (i.e. publication of
the new Swiss recommendations for medical care of
WLWH and their offspring) were eligible for inclusion
in the study together with their offspring. Deliveries
with no data during the whole pregnancy were excluded
from the analysis. Both studies (SHCS and MoCHiV)
were approved by local ethics committees to which the
participating centres are affiliated and written informed
consent was obtained from all participants for each
study.

Data collection, outcome variables, and definitions
Information on social and demographic characteristics,
HIV diagnosis and treatment, pregnancy, infant follow-
up, substance use, and depression were extracted from
the SHCS and MoCHiV databases. The following
www.thelancet.com Vol 31 August, 2023
maternal outcomes were assessed during the post-
partum period (defined as the first 12 months after de-
livery) in women fulfilling the “optimal scenario”
criteria as defined above: rate of treatment discontinu-
ation (defined as interruption of cART for more than
seven days), rate of viral suppression (defined as pVL
measurement <50 RNA copies/ml) at 90 and 180 days
after delivery, rate of viral failure (defined as two
consecutive pVL measurements >50 RNA copies/ml or
one pVL measurement >1000 RNA copies/ml), rate of
postpartum HIV care engagement (defined as ≥1 HIV
pVL test within 90 days of delivery) and rate of retention
in HIV care (defined as ≥1 HIV pVL test within 180
days of delivery). Additionally, the rate of correct infant
follow-up (defined as ≥1 HIV pVL test in the first six
months of life and exclusion of HIV infection age at
18–24 months by a negative antibody screening test as
described in the current Swiss recommendations5) was
assessed as only outcome in the new born children. For
all outcomes, the proportion of failure and where
appropriate, their duration as well as the associated risk
factors were determined. Among the risk factors, use of
any illicit drugs was defined as use of at least one of
either heroin, cocaine, cannabis or other drugs. Con-
sumption of any substance was defined as use of either
alcohol, illicit drugs, and/or smoking with available in-
formation for at least two of these substances. The
presence of depression, whether the diagnosis was
made by a psychiatrist or another physician and which
diagnostic tool was used was recorded during each
follow-up visit. The SHCS does not request the use of a
specific diagnostic tool for the diagnosis of depression;
psychiatrists in Switzerland use the Diagnostic and
Statistical Manual of Mental Disorders (DSM) whereas
Infectious Diseases specialists at SHCS centers and
HIV care physicians in private practice use clinical
screening questions such as the two questions
screening.16 The definition of the “optimal scenario”
described above was modified for the analysis in this
study extending the maximal time period for the last
pVL measurement before delivery to 90 days in order to
better reflect real life situation, since a last follow-up
visit within four weeks of birth is not always possible
in clinical practice and has been more systematically
performed only in recent years. Additionally, a third
consecutive pVL measurement <50 RNA copies/ml was
required if the minimal interval of four weeks between
the last two measurements was not met.

Statistical analysis
Continuous data were described using median and
interquatile range (IQR), and categorical data were
described using frequency and percentage. Kaplan–
Meier curves were used to graphically represent the
time course of viral suppression and recovery from viral
failure, as well as the association between potential risk
factors and the rate of viral suppression. Risk factors for
3
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viral failure were assessed by using univariable Cox
proportional hazard models. Hazard ratios (HRs) with
95% confidence interval (CI) were reported.

Risk factors for ART discontinuation, for failure of
postpartum retention in HIV care and correct infant
follow-up (all treated as binary outcomes, regardless of
their timing) were assessed using univariable and
multivariable logistic regression models. Crude (ORs)
and adjusted odds ratios (aORs) with 95% CI were re-
ported, respectively. To account for non-independence
of successive deliveries from the same mother, all
models included mother identity as cluster term; con-
fidence intervals (CI) and p-values were derived from
robust standard error estimates. Deliveries of twins or
triplets (n = 12) were treated as a single delivery and
siblings were pooled into one observation.

Many missing values occurred for some of the risk
factors, mostly because in previous years (i.e. during the
first part of our study period) these variables were not
yet part of the study protocol or because individual data
were not collected by treating physicians. This pattern of
missing information was considered to be at random
with respect to the risk factors themselves. A smaller
part of the missing values (substance use and depres-
sion during more recent pregnancies) may not have
been missing at random, e.g. due to refusal of mothers
to provide information. To account for this possibility,
we included missing values as a separate category in all
univariable analyses. For multivariable analyses, we
pooled substance use (alcohol, illicit drugs and/or
smoking) into a single co-variable with “missing” as a
separate category. The other covariables with missing
values were excluded from the main multivariable
analysis because they were strongly correlated with year
of delivery (year of HIV diagnosis and time since HIV
diagnosis), with substance use (depression) or with
gestational age at viral suppression (start of cART),
respectively. Multivariable models including time since
HIV diagnosis and depression are presented as sensi-
tivity analysis in Supplementary Table S2.

Two-tailed p values below 0.05 were considered sta-
tistically significant. All statistical analysis were per-
formed using R (version 4.0.2). Regression models for
clustered data were fitted with functions coxph in R
package survival (version 3.1–12) and function geeglm
in R package geepack (version 1.3.3).

Role of the funding source
The funder of the study had no role in study design, data
analysis, data interpretation, writing of the report, or de-
cision to submit the paper for publication. Data collection
was made possible within the framework of the SHCS.
Results
Over the 19-year study period 1288 live births in 854
mothers were reported within the SHCS and MoCHiV.
After excluding deliveries with missing or incomplete
data and selecting for cases in the “optimal scenario”,
we included a total of 737 deliveries in 586 mothers in
the analysis. Of the 737 neonates, 603 were followed up
in MoCHiV. Of those, 566 children had complete
follow-up information and 553 were included in the
offspring outcome analysis after pooling siblings from
twins (11) and triplets (1) deliveries into one observation
(Fig. 1). Clinical and demographic characteristics of the
patients are presented in Table 1.

Treatment discontinuation and viral suppression in
the postpartum period
Overall, mothers remained on cART until at least one
year after delivery following 81.5% of the deliveries
(598/734). For three deliveries treatment end date was
missing. The majority (128/136, 94.1%) of treatment
discontinuations occurred before 2016 when the inter-
national guidelines did not yet recommend universal
cART initiation for all PLWH irrespectively of their CD4
counts. In line with this observation, most treatment
discontinuations occurred either at delivery (38/136,
28%) or early after delivery (50% within 50 days) and in
93 women (68.4%) the reason for interrupting treatment
was either patient’s or physician’s wish, probably
reflecting current recommendations at the time of
discontinuation. Correspondingly, significant risk fac-
tors for treatment discontinuation during the post-
partum period in multivariable logistic regression
analysis were year of delivery (decreasing over time;
aOR 0.22 per 10 years later delivery; 95% CI, 0.12–0.41;
p < 0.001) and later gestational age (GA) at the first HIV
pVL test documenting viral suppression during preg-
nancy (aOR, 2.32 per trimester; 95% CI, 1.77–3.05;
p < 0.001) as shown in Table 2. Univariable logistic
regression analysis for this outcome is shown in
Supplementary Table S1.

Virological data were available in 591 of the 598 cases
where the mother remained under cART until at least
one year after delivery. Of these, 26 (4.4%) experienced
viral failure during the postpartum period. The rate of
viral suppression at 90 and 180 days after delivery was
98.8% (95% CI, 97.9–99.7%) and 98% (95% CI,
96.8–99.1%), respectively (Fig. 2a). If viral failure
occurred, re-suppression was rather slow; within 100
days only 50% of mothers were virally suppressed again
(Fig. 2b). Factors that were found to be associated with
increased risk for viral failure during the postpartum
period in univariable Cox regression analysis were late
cART start during third trimester (HR, 8.18; 95% CI,
2.47–27.0; p = 0.001), late viral suppression only ach-
ieved from third trimester (HR, 3.92; 95% CI, 1.51–10.2;
p < 0.001), illicit drugs use (HR, 13.2; 95% CI,
2.35–73.6; p = 0.003), and smoking (HR, 4.21; 95% CI,
1.62–11.0; p = 0.003). The lowest risk for viral failure
was found for most recent deliveries from 2016 onward
(HR 0.07; 95% CI, 0.01–0.52; p = 0.010) and no
www.thelancet.com Vol 31 August, 2023
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Fig. 1: Flowchart of deliveries and patient selection *of which in 303 of the cases maternal pVL was not suppressed (i.e. <50 copies/ml) at the
last two or three consecutive measurements before delivery, in 26 of the cases the last maternal pVL measurement was performed more than
90 days before delivery and in 64 of the cases both conditions were present. Abbreviations: pVL, plasma viral load; MoCHiV, Swiss Mother and
Child HIV Cohort Study; SHCS, Swiss HIV Cohort Study.
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association between viral failure and maternal age at
delivery or time since HIV diagnosis could be shown
(Table 3). Confirmation of these findings in multivari-
able analysis was not possible due to the low number of
events. Kaplan–Meier curves in Fig. 3 graphically depict
the rate of viral suppression for the most important
factors and show a lower rate of viral suppression dur-
ing postpartum period for deliveries between 2000 and
2005 and among mothers reaching viral suppression
only during third trimester.

Engagement and retention in HIV care
The rate of HIV care engagement and retention in
HIV care in our cohort was 81.8% (603/737) and 94.2%
www.thelancet.com Vol 31 August, 2023
(694/737), respectively. Overall, after only 16 deliveries
(2.2%) the mother was lost to follow-up (LTFUP) with
no HIV pVL measurements within 12 months. In uni-
variable logistic regression analysis, factors associated
with higher rates of failure in HIV care retention were
time from HIV diagnosis to delivery between five and
ten years and of more than ten years (OR 3.03; 95% CI,
1.31–7.01; p = 0.009 and OR 3.27; 95% CI, 1.26–8.44;
p = 0.014, respectively), smoking (OR 3.49; 95% CI,
1.39–8.75; p = 0.008), and late start of cART during third
trimester (OR 3.91; 95% CI, 1.50–10.22; p = 0.005) as
shown in Table 3. Confirmation of these findings in
multivariable analysis was not possible due to the low
number of events.
5

www.thelancet.com/digital-health


Mothers Value n

Age at delivery in years, median (IQR) 33 (29–37) 737

Ethnicity, n (%) 737

White 256 (34.7%) –

Black 416 (56.4%) –

Asian 43 (5.8%) –

Hispano-american 19 (2.6%) –

Other 3 (0.4%) –

Parity, n (%) 737

1 449 (60.9%) –

2 210 (28.5%) –

3+ 78 (10.6%) –

Year of delivery, n (%) 737

2000–2005 148 (20.1%) –

2006–2010 220 (29.9%) –

2011–2015 245 (33.2%) –

2016–2018 124 (16.8%) –

Time since HIV diagnosis 654

Days before delivery, median (IQR) 2308 (1008–3832) –

<5 years, n (%) 268 (42.0%) –

5–10 years 193 (30.3%) –

>10 years 193 (30.3%) –

CD4 count at delivery in cells/mm3, median (IQR) 512 (375–680) 513

Time of cART start, n (%) 737

Before pregnancy 541 (73.4%) –

1st trimester 33 (4.5%) –

2nd trimester 133 (18%) –

3rd trimester 27 (3.7%) –

Time of first test with pVL <50 copies/ml during pregnancy, n (%) 737

1st trimester 464 (63.0%) –

2nd trimester 167 (22.7%) –

3rd trimester 106 (14.4%) –

Children Value n

Male sex 326 (54.1%) 603

Abbreviations: cART, combination antiretroviral therapy; IQR, interquartile range; pVL, plasma viral load.

Table 1: Patients characteristics.
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Infant follow-up
Of the 553 children with complete follow-up informa-
tion included in the analysis, 535 (96.7%) had ≥1 HIV
RNA test in the first 6 months of life and 381 (68.9%)
had additional definitive exclusion of vertical HIV
infection by serology no later than 24 months after de-
livery, fulfilling the criteria for correct infant follow-up.
In univariable logistic regression analysis, smoking
(OR, 2.10; 95% CI, 1.20–3.67; p = 0.009) and depression
(OR, 3.52; 95% CI, 1.18–10.52; p = 0.024) were associ-
ated with increased risk of failure in correct infant
follow-up, whereas delivery after 2005 was significantly
associated with lower risk for this outcome as shown in
Table 3. In multivariable logistic regression analysis, the
decreasing risk of failure in correct infant follow-up over
time could be confirmed (aOR, 0.47 per 10 years; 95%
CI, 0.28–0.78; p = 0.004) and later GA at viral
suppression was as well significantly associated with
lower risk for this outcome (aOR, 0.77 per trimester;
95% CI, 0.61–0.97; p = 0.026) (Table 2).
Discussion
In a well-defined cohort of WLWH in Switzerland with
impeccable antenatal HIV care, the majority maintained
viral suppression and was retained in HIV care in the
year after giving birth. Only 2.2% of the mothers were
LTFU with no HIV pVL measurements within 12
months after delivery. The relatively high rate of treat-
ment discontinuation in our cohort (18.5%) can be
explained with the change of the international treatment
guidelines over time. In fact, the majority of treatment
discontinuations occurred not only at times when the
international guidelines did not yet recommend uni-
versal cART initiation for all PLWH irrespectively of
their CD4 counts, but also either at delivery or early
thereafter and the reason for interrupting treatment was
either patient’s or physician’s wish, probably reflecting
current recommendations at the time of
discontinuation.

In contrast to our findings, low rates of postnatal
HIV care retention and viral suppression in WLWH
have been reported in several studies in high,1–3,17,18

middle19 and low20 income countries. In a previous
Swiss study3 it has also been shown that between 1996
and 2011 34% of women had a delayed visit (defined as
>180 days with no visit after delivery) in the first year
after giving birth and 12% were LTFU. Not achieving
undetectable HIV plasma viral load (pVL) at delivery was
significantly associated with being LTFU (aOR 2.42;
95% CI, 1.21–4.85; p = 0.017). Based on these findings
and on the results from other studies,17,18 the “optimal
scenario” criteria were defined in the current Swiss
recommendations where WLWH with a strong wish to
breastfeed are supported during the postpartum period.
In our study these criteria were validated for the first
time focusing on a clear defined subgroup of pregnant
WLWH with regular antenatal HIV care and fully sup-
pressed HIV pVL. Our data confirm that the majority of
WLWH who meet these criteria also achieve the out-
comes we consider essential to support breastfeeding
for WLWH in resource-rich settings. The importance of
antenatal HIV care engagement to avoid adverse post-
partum outcome is further supported by results of pre-
vious studies.2,21 Although the results are reassuring, we
have identified some modifiable risk factors that allow
for improvement: illicit drugs use and smoking, were
associated with an increased risk of postpartum viral
failure. This is in line with the results of a recent study
in PLWH.22 The relationship between late viral sup-
pression and late start of cART during pregnancy and
adverse postpartum HIV outcome is consistent with the
results of previous studies.2,17,21,23 Remarkably, in our
analysis we found that longer time since HIV diagnosis
www.thelancet.com Vol 31 August, 2023
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Variable and unit Risk of maternal cART
discontinuation (n = 734)

Risk of failure in correct infant
follow-up (n = 533)

Adjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value

Time of delivery (per 10 years) 0.22 (0.12–0.41) <0.001 0.47 (0.28–0.78) 0.004

Mother age at delivery (per 10 years) 0.76 (0.51–1.13) 0.172 0.91 (0.63–1.31) 0.606

Ethnicity: black vs. white 0.92 (0.58–1.46) 0.721 1.46 (0.97–2.19) 0.071

Parity: per additional child from 1 to 3+ 1.11 (0.70–1.76) 0.649 0.85 (0.55–1.30) 0.446

Any substance usea: yes vs. no 1.82 (0.93–3.56) 0.079 1.79 (0.94–3.41) 0.078

Any substance usea: missing vs. no 1.50 (0.82–2.76) 0.188 2.05 (1.15–3.66) 0.015

Gestational age at first pVL <50 copies/ml during pregnancy (per trimester) 2.32 (1.77–3.05) <0.001 0.77 (0.61–0.97) 0.026

Bold font indicates statistically significant p values. Abbreviations: cART, combination antiretroviral therapy; CI, confidence interval; OR, odds ratio; pVL, plasma viral load.
aConsumption of any substance defined as use of either alcohol, illicit drugs and or smoking with available information for at least two of these substances.

Table 2: Multivariable logistic regression analysis for the risk of maternal cART discontinuation and failure of correct infant follow-up.

Articles
was associated with adverse postpartum HIV care
outcome. This finding is in contrast to previously pub-
lished studies reporting that women diagnosed with
HIV shortly before pregnancy were less likely to remain
in care.2,24 This observation is probably explained by the
fact that in our cohort the proportion of late cART start
during third trimester, a risk factor for adverse post-
partum HIV care outcome, substantially decreased over
time and only 6% of WLHW diagnosed less than 5 years
prior delivery started cART in the third trimester.
Another possible explanation is that experienced
WLWH become less worried about adverse outcome
over time and are used to less frequent follow-up. At the
same time, delivery in more recent years was clearly
associated with decreased risk of postpartum viral fail-
ure in our cohort, most likely reflecting improved
availability, tolerability, and efficacy of cART over the
years, and with decreased risk of failure in correct infant
follow-up, probably due to better information of the
Fig. 2: Kaplan–Meier curves showing (a) the time course of viral suppre
postpartum period and (b) the time course of recovery from viral fa
survival fits and do not take into account possible dependencies of
dence interval; pVL, plasma viral load.
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mothers and to an improved interdisciplinary approach
during antenatal care in recent years. In our analysis,
depression was associated with higher risk for failure in
correct infant follow-up, but not for viral failure or fail-
ure of retention in HIV care. Furthermore, we found no
association between maternal factors such as age, parity,
and ethnicity and postpartum HIV care outcome as it
was the case in other studies.2,18

Despite the unique setting of SHCS and MoCHiV
providing high quality prospectively collected data on
pregnant WLWH and their infants, there are several
limitations to our analysis. First, important variables
such as maternal socioeconomic status were not
considered in the analysis limiting generalizability of
our findings to countries with similar sociodemographic
profiles and health insurance policies. Second, we did
not perform a comparison with non-pregnant WLWH as
a control group. Although this was not strictly necessary
for the aim of our study, such a comparison would have
ssion rate from the date of delivery up to the last pVL test in the
ilure. 95% CI (shaded area) are based on simple non-parametric
multiple births from the same mother. Abbreviations: CI, confi-
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Factor Viral failure Retention in HIV care Infant follow-up

n HR (95% CI)a p-value n OR (95% CI)b p-value n OR (95% CI)b p-value

Year of delivery

2000–2005 85 ref – 148 ref – 127 ref –

2006–2010 173 0.17 (0.06–0.54) 0.002 220 1.91 (0.68–5.35) 0.216 150 0.57 (0.35–0.94) 0.026

2011–2015 220 0.35 (0.14–0.88) 0.025 245 1.83 (0.61–5.47) 0.279 186 0.48 (0.29–0.77) 0.003

2016–2018 113 0.07 (0.01–0.52) 0.010 124 2.34 (0.74–7.37) 0.146 90 0.51 (0.29–0.89) 0.019

Age of mother

≤30 years 183 ref – 241 ref – 188 ref –

31–35 years 185 0.94 (0.34–2.62) 0.912 235 1.27 (0.54–2.99) 0.582 177 0.73 (0.48–1.13) 0.162

36–40 years 173 0.47 (0.15–1.53) 0.212 206 1.63 (0.68–3.93) 0.276 155 1.09 (0.70–1.71) 0.700

>40 years 50 1.83 (0.56–6.02) 0.320 55 0.50 (0.08–3.10) 0.451 33 0.59 (0.24–1.42) 0.237

Parity

1 350 ref – 449 ref – 330 ref –

2 172 0.94 (0.39–2.29) 0.894 210 1.92 (1.02–3.63) 0.043 164 0.89 (0.60–1.31) 0.552

3+ 69 0.98 (0.29–3.38) 0.976 78 1.85 (0.74–4.61) 0.184 59 1.00 (0.56–1.80) 0.991

Ethnicity

white 203 ref – 256 ref – 193 ref –

other 388 1.18 (0.50–2.78) 0.698 481 1.03 (0.52–2.03) 0.942 360 1.17 (0.80–1.72) 0.422

Time since HIV diagnosis

<5 years 201 ref – 270 ref – 215 ref –

5–10 years 156 1.08 (0.37–3.12) 0.887 193 3.03 (1.31–7.01) 0.009 143 0.95 (0.60–1.48) 0.806

>10 years 155 0.96 (0.32–2.91) 0.941 178 3.27 (1.26–8.44) 0.014 112 0.98 (0.60–1.61) 0.937

missing 79 1.58 (0.49–5.07) 0.443 96 1.62 (0.47–5.64) 0.444 83 0.61 (0.34–1.12) 0.114

Year of HIV diagnosis

≤2000 156 ref – 207 ref – 140 ref –

2001–2010 278 0.85 (0.33–2.19) 0.733 346 1.13 (0.55–2.34) 0.731 261 0.55 (0.36–0.84) 0.006

>2010 78 0.26 (0.03–2.05) 0.201 88 0.19 (0.02–1.45) 0.107 69 0.64 (0.35–1.19) 0.157

missing 79 1.26 (0.42–3.79) 0.685 96 0.70 (0.22–2.21) 0.538 83 0.43 (0.23–0.80) 0.007

Alcohol consumption>once a week

no 243 ref – 284 ref – 208 ref –

yes 48 0.78 (0.09–6.50) 0.819 58 0.61 (0.13–2.76) 0.520 35 0.98 (0.43–2.23) 0.968

missing 300 2.21 (0.89–5.46) 0.087 395 1.15 (0.60–2.20) 0.684 310 1.81 (1.23–2.67) 0.003

Any illicit drug usec

no 245 ref – 278 ref – 195 ref –

yes 11 13.2 (2.35–73.6) 0.003 15 1.37 (0.17–11.28) 0.767 12 2.23 (0.68–7.38) 0.187

missing 335 2.96 (1.08-8.15) 0.035d 444 1.26 (0.65–2.46) 0.487 346 1.89 (1.28–2.80) 0.001

Smoking

no 295 ref – 363 ref – 275 ref –

yes 59 4.21 (1.62–11.0) 0.003 86 3.49 (1.39–8.75) 0.008 62 2.10 (1.20–3.67) 0.009

missing 237 1.23 (0.46–3.29) 0.686 288 2.01 (0.97–4.15) 0.059 216 1.23 (0.84–1.81) 0.294

Any substance usee

no 209 ref – 240 ref – 176 ref –

yes 82 1.76 (0.42–7.43) 0.442 102 0.86 (0.28–2.60) 0.782 67 1.61 (0.87–2.99) 0.13

missing 300 2.73 (0.99–7.52) 0.053 395 1.17 (0.59–2.32) 0.646 310 2.09 (1.37–3.19) <0.001

Depression

no 203 ref – 226 ref – 163 ref –

yes 18 2.68 (0.30–23.8) 0.377 20 1.33 (0.18–9.53) 0.778 15 3.52 (1.18–10.52) 0.024

missing 370 2.33 (0.85–6.37) 0.098 491 1.66 (0.79–3.49) 0.179 375 2.30 (1.50–3.54) <0.001d

Start of cART

first 514 ref – 572 ref – 421 ref –

second 71 1.97 (0.72–5.44) 0.189 133 1.07 (0.47–2.47) 0.871 107 0.87 (0.56–1.36) 0.544

third 5 8.18 (2.47–27.0) 0.001 28 3.91 (1.50–10.22) 0.005 22 0.92 (0.36–2.37) 0.861

missing 1 4 3

(Table 3 continues on next page)
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Factor Viral failure Retention in HIV care Infant follow-up

n HR (95% CI)a p-value n OR (95% CI)b p-value n OR (95% CI)b p-value

(Continued from previous page)

Gestational age at first pVL <50 copies/ml during pregnancy

first 409 ref – 464 ref – 347 ref –

second 134 1.64 (0.72–3.77) 0.240 167 1.12 (0.54–2.35) 0.754 119 1.01 (0.65–1.55) 0.972

third 48 3.92 (1.51–10.2) 0.005 106 1.31 (0.56–3.08) 0.533 87 0.68 (0.40–1.16) 0.156

Bold font indicates statistically significant p values. Abbreviations: cART, combination antiretroviral therapy; CI, confidence interval; HR, hazard ratio; OR, odds ratio; pVL, plasma viral load. aUnivariable Cox
regression analysis. bUnivariable logistic regression analysis. cUse of any illicit drugs defined as use of at least one of either heroin, cocaine, cannabis or other drugs. dSignificance of the missing values
probably reflects the influence of year of delivery as the most missing values occurred in previous years when the variable was not yet part of the study protocol. eUse of any substance defined as use of
either alcohol, drugs and or smoking with available information for at least two of these substances.

Table 3: Univariable regression analysis for the risk of viral failure, failure of retention in HIV care and failure in correct infant follow-up.

Articles
strengthened our results. Third, not all WLWH in
Switzerland are included in the SHCS and in MoCHiV
(estimated coverage of 71% of all patients on cART in
Switzerland15) and those that refused to participate to
the study might be less adherent to treatment and to
follow-up. Fourth, despite a quite large sample size
multivariable analysis of risk factors for viral failure and
failure of HIV care retention was not possible due to the
small number of events. And finally, the definition of
HIV care retention and engagement in HIV care in the
Fig. 3: Kaplan–Meier curves showing the time course of viral suppress
postpartum period for (a) year of delivery, (b) age at delivery, (c) tim
suppression. The significance of associations is given by p-values fro
identity as cluster term. Numbers at risk are given in total (n) as well
load.

www.thelancet.com Vol 31 August, 2023
literature is heterogeneous challenging comparison be-
tween published studies. Nevertheless, the high rates of
HIV care retention observed in our study are consistent
with the high rate of viral suppression and we are
confident that they well represent the current situation
in our cohort of WLWH.

In conclusion, our results indicate that among
mothers living with HIV who meet the “optimal sce-
nario” criteria, good adherence to cART and retention in
HIV care is achievable. These findings are reassuring in
ion rate from the date of delivery up to the last pVL test in the
e from HIV diagnosis to delivery and (d) gestational age at viral
m robust score tests based on Cox regression including mother
as for individual groups and times. Abbreviation: pVL, plasma viral
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view of the growing number of mothers with a strong
wish to breastfeed during the vulnerable postpartum
period. In addition, several modifiable factors such as
delayed treatment initiation during pregnancy, illicit
drug use and depression were identified as risk factors
for adverse postpartum outcome and should be
considered in the decision-making process on breast-
feeding and addressed in HIV care for WLWH and in
future studies.
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