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Background: We examined change in antiretroviral treatment
(ART) adherence after breastfeeding (BF) cessation using hair
tenofovir (TFV) concentrations as an objective metric of
medication consumption.

Methods: A subset of postpartum women in Zimbabwe random-
ized in IMPAACT PROMISE to take ART while BF and post-BF
cessation had hair TFV measured longitudinally. Using linear mixed-
effect models, we estimated differences in hair TFV levels after BF
cessation, accounting for trends in levels over time regardless of BF
status and change in slope after breastfeeding cessation. We also
estimated the relative risk of viremia (.50 copies/mL) per doubling
of hair TFV concentration.

Results: Among 55 women (median age 26, interquartile range
24–29 years), hair TFV levels (n = 305) were available for a
median of 9 visits per woman between 3 and 29 months post-
partum. Hair TFV levels ranged from undetected to 0.25 ng/mg
(median 0.04 ng/mg). Controlling for trends since delivery [decline
of 2.2% per month, 95% confidence interval (CI): 25.3 to 1.0],
TFV levels averaged 24.4% higher (95% CI:25.1 to 63.1) post-BF
cessation than during BF, with no change in slope (0.0% per
month, 95% CI: 23.8 to 3.9). Postpartum, 42% of women were
ever viremic. Higher TFV levels were strongly protective; relative
risk of viremia per doubling of TFV was 0.52 (95% CI: 0.43 to
0.63; P , 0.0001).

Conclusions: Leveraging an objective metric of ART use, we
observed modestly declining adherence across the postpartum
period, but no additional decline associated with breastfeeding
cessation. High viremia frequency and varying postpartum
TFV levels observed highlight the importance of enhanced adherence
support with viral load monitoring among postpartum women.
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INTRODUCTION
In sub-Saharan Africa, where breastfeeding is the norm,

approximately 1.1 million women living with HIV became
pregnant in 2020.1 Adherence to antiretroviral treatment
(ART) can reduce the risk of perinatal transmission to almost
zero and benefit maternal health.2–4 Despite accessing
universal ART, women can experience significant challenges
to adherence and engagement to HIV care,5–8 with 20%–40%
of women experiencing elevated viral loads postpartum.9–11

Breastfeeding cessation may be critical juncture when intense
contact with the health care system ends.12–14 Moreover,
when risk of transmission of HIV to the infant passes,
women’s capacity to adhere to ART could change. Declining
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adherence after pregnancy has been attributed to declining
concern about in utero transmission and failure to optimize
women’s own health outcomes.15,16 Few studies measure
adherence among healthy women, no longer at risk of
transmitting HIV to their infant after breastfeeding cessa-
tion.17 In addition, breastfeeding cessation is often followed
by a subsequent conception (within 2 years) in settings with
high fertility rates, underscoring the importance of sustained
viral suppression to maximally reduce the risk of HIV
transmission.18,19 UNAIDS estimates for 2020 showed that
37% of infants who acquired HIV were born to women who
had initiated ART before the pregnancy, signaling the need to
better understand adherence in this period.1

Measuring adherence to antiretroviral drugs (ARVs) is
vital for monitoring response to treatment. Suboptimal
adherence leads to virologic failure, development of resis-
tance, and onward transmission, including transmission of
resistant mutations.20–22 Commonly used adherence measures
such as pill counts may inadequately predict virologic
outcomes.23–25 Drug concentrations in hair provide an
objective measure of cumulative adherence.26,27

We assessed how ART adherence changed with
breastfeeding cessation by longitudinally measuring hair
TFV levels in a subset of postpartum women enrolled in
the IMPAACT PROMISE randomized trial in Zimbabwe. In
addition, we estimated the association between hair TFV
levels and virologic suppression.

METHODS

Study Sample and Procedures
Data are from the International Maternal Pediatric

Adolescents AIDS Clinical Trials Network (IMPAACT)
Promoting Maternal and Infant Survival Everywhere Breast-
feeding Study (PROMISE 1077BF: NCT01061151), con-
ducted between 2011 and 2015 in 7 countries to examine
optimal strategies for prevention of perinatal transmission of
HIV and improving maternal health among women not yet
eligible for treatment at the time. It included a series of open-
label, parallel randomization components. In the postpartum
component (within 14 days postdelivery), women not requir-
ing ART for their own health were randomized to either
maternal ART (TDF/FTC+LPV/r) or daily infant nevirapine
prophylaxis during breastfeeding.3 Women on ART in the
postpartum component at BF cessation were randomized to
continue or stop ART (maternal health component) (consis-
tent with the country guidelines at that time).28 This analysis
includes participants in Zimbabwe who were randomized to
ART in both the postpartum and maternal health components
and participated in a hair substudy throughout these 2
components at the 3 study clinics. Participants attended study
visits at least quarterly, with more frequent visits in the first 3
months of each component. Hair samples and detailed
breastfeeding questionnaires were collected at all visits, and
HIV viral load was assessed at least every 6 months. All
participants provided written informed consent before partic-
ipation. This study was reviewed and approved by local and
collaborating institutional review boards, relevant regulatory

authorities, and reviewed for safety and efficacy by an
independent Data and Safety Monitoring Board.

Study Measures

Objectively Measured Adherence
Small hair samples were collected following established

procedures.29 Among women taking tenofovir disoproxil
fumarate for at least 60 days, we assayed 1.5 centimeters of
hair closest to the scalp for TFV concentrations using
validated liquid chromatography/tandem mass spectrometry
(LC-MS/MS)–based methods.30 Medications are incorporated
from the systemic circulation into hair as it grows, at
approximately 1 cm per month; these data reflect cumulative
exposure to tenofovir over the prior ;45 days.31

Breastfeeding Cessation
The estimated date of breastfeeding cessation is the last date

when the baby sucked on the mother’s breast for any reason,
recorded only after complete breastfeeding cessation for at least 4
weeks. We created an indicator variable to classify breastfeeding
status at each visit as follows: visits .45 days after breastfeeding
cessation as postbreastfeeding (value = 1), visits during breast-
feeding (value = 0), and visits 0–45 days after breastfeeding
cessation, before potential changes in adherence would be fully
reflected in hair TFV concentrations, were assigned fractional
values, for example, 27 days after cessation/45 days = 0.6.

Viremia
We defined viremia as plasma HIV RNA .50

copies/mL following the World Health Organization’s rec-
ommendation to consider adherence interventions at this
threshold in breastfeeding women.32 Only viral loads col-
lected after 90 days on ART were included.

Statistical Analysis
To estimate how much ART adherence changes after

breastfeeding cessation, we used mixed linear regression
models with a random intercept and assumed an autoregres-
sive covariance structure. The outcome was log2 transformed
hair TFV levels, and we included 3 predictors in the model to
assess the impact of breastfeeding cessation on hair levels.
First, the indicator variable for breastfeeding status described
above: This variable quantifies the differences in hair TFV
levels at postbreastfeeding visits vs. still-breastfeeding visits;
second, a linear term reflecting months since delivery to
account for changes in hair TFV levels over time regardless of
breastfeeding status; and third, an additional linear term,
measuring time since breastfeeding cessation, to quantify how
the slope of TFV levels since delivery changed after
breastfeeding cessation. Because quadratic terms for these
time trends did not have P values ,0.10, we only included
linear terms in regression models. To facilitate the interpre-
tation of associations between predictor variables and a log-
transformed outcome, we back-transformed regression coef-
ficients to reflect percent differences in hair levels associated
with a unit change in each predictor.
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Potential Confounders
We decided, a priori, to include the following potential

confounders in adjusted models estimating the association
between breastfeeding cessation and hair TFV levels: mater-
nal age, education, Zimbabwe study clinic, and ART
initiation in pregnancy vs at delivery. To ensure a parsimo-
nious model, we screened additional potential confounders,
using P value ,0.25 in bivariate analysis as a threshold for
inclusion33: parity and gravidity at baseline, time-varying
(collected at the visit before the hair sample) employment
status (any work outside the home vs. none), and food
insecurity.34 None achieved this threshold.

Missing Data
Fifteen (27%) participants were missing educational

status, and 4 (7%) were missing parity; we used multiple
imputation and assumed that data were conditionally missing
at random.35 We imputed 50 data sets to minimize sampling
variability from the imputation process36 and used multivar-
iate imputation by chained equations.37 We report adjusted
regression analyses from multiple imputed data as our
primary results for the association between breastfeeding
cessation and hair levels.

Hair TFV Levels and Viremia
To quantify the association between hair TFV levels

and viral suppression, we used Poisson regression with
generalized estimating equations to estimate relative risks.38

Because hair levels were log2 transformed in this analysis, the
risk ratios represent the relative risk of viremia per doubling
of hair TFV levels. We report unadjusted models.

RESULTS
Among 55 eligible women, median age was 26 years

[interquartile range (IQR) 24–29 years] and 93% were in
WHO Clinical Stage I (Table 1). Baseline characteristics
were comparable with that of women enrolled in the main
PROMISE study.39 The median duration of breastfeeding
was 14 months (IQR 12–16 months). Hair samples collected
at visits $60 days since tenofovir disoproxil fumarate
initiation (N = 326) were analyzed for TFV concentrations;
21 (6%) had no results because of technical or sample
labeling issues. We include 305 hair TFV results from 55
women for a median of 8 visits per woman, collected
between 3 and 29 months postpartum (up to 1 year post-
BF cessation).

Hair TFV Levels
Average TFV levels were highly variable over time

(Fig. 1). Across all samples, the median TFV concentration
was 0.04 ng/mg (IQR 0.03–0.06, range: undetected-0.25).
After accounting for the estimated change in hair levels over
time since delivery (2.2% decline per month, 95% CI: 25.3
to 1.0; P value 0.17), hair TFV levels in the post-BF period
averaged 24.4% higher compared with levels during breast-
feeding but with a wide confidence interval (95% CI: 25.1 to
63.1; P value 0.11). The rate of decline since delivery,

however, did not improve post-BF, with an estimated change
in slope of 0.0% per month (95% CI: 23.8 to 3.9, P value
0.99). To address the possibility that women who stopped BF
before or after the majority (outside the IQR of breastfeeding
duration: 12–16 months) might be meaningfully different, we
conducted a sensitivity analysis excluding them and found a
very similar estimate for the effect of BF cessation. The
results from a complete case analysis were comparable.

Hair TFV Levels and Viremia
Throughout follow-up and after 90 days on ART, 42%

of women experienced viremia at least once and 25% in 2
consecutive samples. In the analysis of hair TFV levels and
viremia, 54 women had 237 viral load measurements
performed .90 days on ART. Hair TFV levels predicted
viremia; the relative risk of viremia was 0.52 (95% CI:
0.43–0.63; P , 0.0001) per doubling of hair TFV.

TABLE 1. Characteristics of Postpartum Women Enrolled in
the Hair Substudy of the PROMISE Trial in Zimbabwe

N = 55

Median (IQR) or n (%)

Baseline characteristics

Age 26 (24–29)

Education*

None or some primary 1 (2%)

Completed primary but not secondary 10 (25%)

Completed secondary 29 (72%)

Site

St Mary’s CRS 15 (27%)

Seke north CRS 24 (44%)

Harare family care CRS 16 (29%)

On ART in pregnancy 29 (53%)

Parity 1 (1–2)

Gravida 3 (2–3)

Gestational age at enrollment, wk 31 (26–35)

Nadir CD4 count 502 (438–591)

WHO clinical classification

Clinical stage I 51 (93%)

Clinical stage II 4 (7%)

Follow-up characteristics

Breastfeeding duration, mo 13.7 (12.0–16.0)

Experienced viremia (.50 copies/mL)

At least once 23 (42%)

In 2 consecutive samples 14 (25%)

Virologic failure (.1000 copies/mL)

At least once 12 (22%)

In 2 consecutive samples 7 (13%)

Number of hair samples collected

During breastfeeding 3 (2–4)

After breastfeeding 5 (3–6)

Total 8 (5–9) (max = 11)

*15 missing education.
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DISCUSSION
In this analysis of objectively and longitudinally

measured adherence to ART in postpartum women in
Zimbabwe, we did not find evidence of association
between breastfeeding cessation and ART adherence.
Rather, we observed an estimated 24% increase and a
95% CI extending down to only a 5% decrease. Neverthe-
less, a decline in hair TFV levels, although not statistically
significant, continued at approximately 2% per month
throughout breastfeeding and the first year after cessation,
and this temporal trend itself would eventually lead to
lower average levels after cessation.

Consistent with previous studies, we confirmed that hair
TFV levels strongly predicted viremia,27,40 including low-level
viremia. Importantly, we observed viremia in over a third of
women in the first 2.5 years after delivery which mirrors what
has been reported in previous research about declining ART
adherence among postpartum women who initiated on ART for
life during pregnancy.41–43 The frequency of viremia we
observed among women engaged in care and receiving
intensive adherence support is concerning. Poor adherence
and viremia during breastfeeding may result in HIV trans-
mission to the child.44 WHO recently recommended that
people living with HIV with viral load .50 copies/mL should
undergo enhanced adherence counseling with frequent viral
load monitoring.32 This will require health worker time and
additional resources to implement. In this study, women
received adherence support every 3 months with viral load
monitoring every 6, but many still missed doses.

In addition, an objective measure of adherence together
with an elevated viral load, if availed in the public sector,
could help differentiate between virologic failure because of
poor adherence versus resistance and/or drug–drug interac-
tions. Enabling health care workers to offer enhanced
adherence counseling to those with challenges or to consider
switching regimens or providing resistance testing earlier
where appropriate. Thus, the early objective measurement
could avoid development of resistant mutations which make
treatment options challenging in the future.

Within our study, we were not able to assess the role
of pharmacokinetic variability. To counter this, we ana-
lyzed multiple hair samples collected at various time points
and demonstrated a strong association between higher hair
levels and reduced risk of viremia. Women who stayed on
ART for their own health were not included in this analysis
because they were deemed to be naturally different from
those who were eligible for randomization. In addition, the
ART regimen in this study was different. It included a
protease inhibitor and multitablet dosing. The currently
recommended single daily tablet of tenofovir disoproxil
fumarate, emtricitabine, and dolutegravir may promote
better adherence and viral suppression, warranting further
study of hair TFV trends postpartum and their associations
with viremia. Tenofovir disoproxil fumarate remains a
common component of ART regimens globally; thus, the
findings remain relevant. Future research on cost-
effectiveness is warranted.

In conclusion, we observed modestly declining adher-
ence across the postpartum period, but no additional decline
associated with breastfeeding cessation, which is reassuring.
Nevertheless, the frequency of viremia we observed highlights
the vulnerability of the postpartum period, indicating the need
for added focus on long-term ART adherence to achieve the
ambitious pediatric HIV elimination target by 2030.

ACKNOWLEDGMENTS
The authors would like to acknowledge the study

participants for their commitment to this study, the
Community Advisory Board members, the protocol team,
site investigators staff at Harare Family Care CRS:
Sukunena Maturure and Petronella Matibe, Seke North
CRS: Betty Jowa and Lucia Mungate, St Mary’s CRS:
Suzen Maonera and Nelly Gurure and the PROMISE
1077BF study protocol team. The content is solely the
responsibility of the authors and does not necessarily
represent the official views of the NIH. The study products
were provided free of charge by Abbott, Gilead Sciences,
Boehringer Ingelheim, and GlaxoSmithKline.

REFERENCES
1. Start Free, Stay Free, AIDS Free—Final Report on 2020 Targets. Available

at: https://www.unaids.org/en/resources/documents/2021/start-free-stay-free-
aids-free-final-report-on-2020-targets. Accessed January 16, 2022.

2. Kesho Bora Study Group, de Vincenzi I. Triple antiretroviral compared
with zidovudine and single-dose nevirapine prophylaxis during preg-
nancy and breastfeeding for prevention of mother-to-child transmission
of HIV-1 (Kesho Bora study): a randomised controlled trial. Lancet Infect
Dis. 2011;11:171–180.

3. Flynn PM, Taha TE, Cababasay M, et al. Prevention of HIV-1
transmission through breastfeeding: efficacy and safety of maternal
antiretroviral therapy versus infant nevirapine prophylaxis for duration
of breastfeeding in HIV-1-infected women with high CD4 cell count
(IMPAACT PROMISE): a randomized, open-label, clinical trial. J
Acquir Immune Defic Syndr. 2018;77:383–392.

4. White AB, Mirjahangir JF, Horvath H, et al. Antiretroviral interventions
for preventing breast milk transmission of HIV. Cochrane Database Syst
Rev. 2014;10:CD011323.

5. Tesfaye DJ, Hibistu DT, Abebo TA, et al. Option B plus antiretroviral
therapy adherence and associated factors among HIV positive pregnant
women in Southern Ethiopia. BMC Pregnancy Childbirth. 2019;19:82.

FIGURE 1. Hair TFV levels by months postpartum and
breastfeeding (BF) status.

Nematadzira et al J Acquir Immune Defic Syndr � Volume 91, Number 3, November 1, 2022

240 | www.jaids.com Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

https://www.unaids.org/en/resources/documents/2021/start-free-stay-free-aids-free-final-report-on-2020-targets
https://www.unaids.org/en/resources/documents/2021/start-free-stay-free-aids-free-final-report-on-2020-targets


6. Abdisa S, Tenaw Z. Level of adherence to option B plus PMTCT and
associated factors among HIV positive pregnant and lactating women in
public health facilities of Hawassa city, Southern Ethiopia. PLoS One.
2021;16:e0255808.

7. Etoori D, Kerschberger B, Staderini N, et al. Challenges and successes in
the implementation of option B+ to prevent mother-to-child transmission
of HIV in southern Swaziland. BMC Public Health. 2018;18:1–9.

8. Tsegaye R, Etafa W, Wakuma B, et al. The magnitude of adherence to
option B plus program and associated factors among women in eastern
African countries: a systematic review and meta-analysis. BMC Public
Health. 2020;20:1812.

9. Swain CA, Smith LC, Nash D, et al. Postpartum loss to HIV care and
HIV viral suppression among previously diagnosed HIV-infected women
with a live birth in New York state. PLoS One. 2016;11:e0160775.

10. Redd AD, Mukonda E, Hu NC, et al. ART adherence, resistance, and
long-term HIV viral suppression in postpartum women. Open Forum
Infect Dis. 2020;7:34.

11. Larsen A, Magasana V, Dinh TH, et al. Longitudinal adherence to
maternal antiretroviral therapy and infant Nevirapine prophylaxis from 6
weeks to 18 months postpartum amongst a cohort of mothers and infants
in South Africa. BMC Infect Dis. 2019;19(suppl 1):789.

12. Haas AD, Tenthani L, Msukwa MT, et al. Retention in care during the first 3
years of antiretroviral therapy for women in Malawi’s Option B+ programme:
an observational cohort study. Lancet HIV. 2016;3:e175–e182.

13. Clouse K, Schwartz S, Van Rie A, et al. “What they wanted was to give birth;
nothing else”: barriers to retention in Option B+ HIV care among postpartum
women in South Africa. J Acquir Immune Defic Syndr. 2014;67:e12–e18.

14. Reece R, Norman B, Kwara A, et al. Retention to care of HIV-positive
postpartum females in kumasi, Ghana. J Int Assoc Provid AIDS Care.
2016;15:406–411.

15. Levy JM. Women’s expectations of treatment and care after an antenatal
HIV diagnosis in Lilongwe, Malawi. Reprod Health Matters. 2009;17:
152–161.

16. McLean E, Renju J, Wamoyi J, et al. “I wanted to safeguard the baby”: a
qualitative study to understand the experiences of Option B+ for pregnant
women and the potential implications for “test-and-treat” in four sub-
Saharan African settings. Sex Transm Infect. 2017;93(suppl 3):e052972.

17. Nachega JB, Uthman OA, Anderson J, et al. Adherence to antiretroviral
therapy during and after pregnancy in low-, middle and high income
countries: a systematic review and meta-analysis. AIDS. 2012;26:
2039–2052.

18. French CE, Cortina-Borja M, Thorne C, et al. Incidence, patterns, and
predictors of repeat pregnancies among HIV-infected women in the
United Kingdom and Ireland, 1990–2009. J Acquir Immune Defic Syndr.
2012;59:287–293.

19. Akelo V, McLellan-Lemal E, Toledo L, et al. Determinants and
experiences of repeat pregnancy among HIV-positive Kenyan women
—a mixed-methods analysis. PLoS One. 2015;10:e0131163.

20. Li JZ, Paredes R, Ribaudo H, et al. Relationship between minority
NNRTI resistance mutations, adherence, and the risk of virologic failure.
AIDS. 2012;26:185–192.

21. Mziray SR, Kumburu HH, Assey HB, et al. Patterns of acquired HIV-1
drug resistance mutations and predictors of virological failure in Moshi,
Northern Tanzania. PLoS One. 2020;15:e0232649.

22. Hosseinipour MC, Gupta RK, Van Zyl G, et al. Emergence of HIV drug
resistance during first- and second-line antiretroviral therapy in resource-
limited settings. J Infect Dis. 2013;207(suppl 2):S49–S56.

23. Lam WY, Fresco P. Medication adherence measures: an overview.
Biomed Res Int. 2015;2015:217047.

24. Berg KM, Arnsten JH. Practical and conceptual challenges in measuring
antiretroviral adherence. J Acquir Immune Defic Syndr. 2006;43(suppl 1):
S79–S87.

25. Okatch H, Beiter K, Eby J, et al. Brief report: apparent antiretroviral
over-adherence by pill count is associated with HIV treatment failure in
adolescents. J Acquir Immune Defic Syndr. 2016;72:542–545.

26. Saberi P, Chakravarty D, Ming K, et al. Moving antiretroviral adherence
assessments to the modern era: correlations among three novel measures
of adherence. AIDS Behav. 2020;24:284–290.

27. Murnane PM, Bacchetti P, Currier JS, et al. Tenofovir concentrations in
hair strongly predict virologic suppression in breastfeeding women.
AIDS. 2019;33:1657–1662.

28. Brummel SS, Taha TE, Angelidou K, et al. Brief report: impact of ART
on maternal health after cessation of breastfeeding. J Acquir Immune
Defic Syndr. 2021;86:450–454.

29. Hickey MD, Salmen CR, Tessler RA, et al. Antiretroviral concentrations
in small hair samples as a feasible marker of adherence in rural Kenya. J
Acquir Immune Defic Syndr. 2014;66:311–315.

30. Baxi SM, Liu A, Bacchetti P, et al. Comparing the novel method of
assessing PrEP adherence/exposure using hair samples to other pharma-
cologic and traditional measures. J Acquir Immune Defic Syndr. 2015;68:
13–20.

31. Beumer JH, Bosman IJ, Maes RA. Hair as a biological specimen for
therapeutic drug monitoring. Int J Clin Pract. 2001;55:353–357.

32. WHO. Consolidated Guidelines on the Use of Antiretroviral Drugs for
Treating and Preventing HIV Infection. Available at: http://www.who.
int/hiv/pub/arv/arv-2016/en/. Accessed August 31, 2020.

33. Model-building strategies and methods for logistic regression. In:
Applied Logistic Regression. New York, NY: John Wiley & Sons, Ltd;
2013:89–151.

34. Coates J, Swindale A, Bilinsky P. Household Food Insecurity Access
Scale (HFIAS) for Measurement of Food Access: Indicator Guide:
Version 3: (576842013-001). 2007.

35. Wiley. Statistical Analysis With Missing Data, 3rd ed. Available at:
https://www.wiley.com/en-us/Statistical+Analysis+with+Missing+Data
%2C+3rd+Edition-p-9780470526798. Accessed November 24, 2021.

36. Sterne JAC, White IR, Carlin JB, et al. Multiple imputation for missing
data in epidemiological and clinical research: potential and pitfalls. BMJ.
2009;338:b2393.

37. White IR, Royston P, Wood AM. Multiple imputation using chained
equations: issues and guidance for practice. Stat Med. 2011;30:377–399.

38. Zou G. A modified Poisson regression approach to prospective studies
with binary data. Am J Epidemiol. 2004;159:702–706.

39. Hoffman RM, Angelidou K, Brummel SS, et al. Maternal health
outcomes among HIV-infected breastfeeding women with high CD4
counts: results of a treatment strategy trial. HIV Clin Trials. 2018;19:
209–224.

40. Chawana TD, Gandhi M, Nathoo K, et al. Defining a cut-off for
atazanavir in hair samples associated with virological failure among
adolescents failing second-line antiretroviral treatment. J Acquir Immune
Defic Syndr. 2017;76:55–59.

41. Kim MH, Zhou A, Mazenga A, et al. Why did I stop? Barriers and
facilitators to uptake and adherence to ART in option B+ HIV care in
lilongwe, Malawi. PLoS One. 2016;11:e0149527.

42. Ngarina M, Kilewo C, Karlsson K, et al. Virologic and immunologic
failure, drug resistance and mortality during the first 24 months
postpartum among HIV-infected women initiated on antiretroviral
therapy for life in the Mitra plus Study, Dar es Salaam, Tanzania.
BMC Infect Dis. 2015;15:175.

43. Myer L, Dunning L, Lesosky M, et al. Frequency of viremic episodes in
HIV-infected women initiating antiretroviral therapy during pregnancy: a
cohort study. Clin Infect Dis. 2017;64:422–427.

44. Boyce CL, Sils T, Ko D, et al. Maternal human immunodeficiency virus
(HIV) drug resistance is associated with vertical transmission and is
prevalent in infected infants. Clin Infect Dis. 2022;74:2001–2009.

Postpartum Art Adherence Using TFV Hair LevelsJ Acquir Immune Defic Syndr � Volume 91, Number 3, November 1, 2022

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. www.jaids.com | 241

http://www.who.int/hiv/pub/arv/arv-2016/en/
http://www.who.int/hiv/pub/arv/arv-2016/en/
https://www.wiley.com/en-us/Statistical+Analysis+with+Missing+Data%2C+3rd+Edition-p-9780470526798
https://www.wiley.com/en-us/Statistical+Analysis+with+Missing+Data%2C+3rd+Edition-p-9780470526798

