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Introduction: In 2018, Switzerland changed its guidelines to support women living with HIV wishing to breast-
feed. The exposure of antiretroviral drugs (ARVs) in breastmilk and the ingested daily dose by the breastfed in-
fant are understudied, notably for newer ARVs. This study aimed to quantify ARV concentrations in maternal
plasma and breastmilk to determine the milk/plasma ratio, to estimate daily infant ARV dose from breastfeeding
and to measure ARV concentrations in infants.

Methods: All women wishing to breastfeed were included, regardless of their ARV treatment. Breastmilk and
maternal plasma samples were mostly collected at mid-dosing interval.

Results: Twenty-one mother/child pairs were enrolled; of those several were on newer ARVs including 10 ralte-
gravir, 1 bictegravir, 2 rilpivirine, 2 darunavir/ritonavir and 3 tenofovir alafenamide. No vertical HIV transmission
was detected (one infant still breastfed). The median milk/plasma ratios were 0.96/0.39 for raltegravir once/
twice daily, 0.01 for bictegravir, 1.08 for rilpivirine, 0.12 for darunavir/ritonavir and 4.09 for tenofovir alafena-
mide. The median estimated infant daily dose (mg/kg) from breastfeeding was 0.02/0.25 for raltegravir once/
twice daily, 0.01 for bictegravir, 0.02 for rilpivirine, 0.05 for darunavir/ritonavir and 0.007 for tenofovir alafena-
mide, resulting in relative infant dose <10% exposure index for all ARVs.

Conclusions: ARVs were transferred to a variable extent in breastmilk. Nevertheless, the estimated daily ARV
dose from breastfeeding remained low. Differential ARV exposure was observed in breastfed infants with
some ARVs being below/above their effective concentrations raising the concern of resistance development if
HIV infection occurs. More data on this potential risk are warranted to better support breastfeeding.

Introduction babies. Due to the important health advantages of breastfeeding

for the newborn and the mother and the recent evidence of very
Until recently, guidelines in high-income settings advised women  low mother-to-child transmission through breastmilk,* the bene-
living with HIV not to breastfeed and to give formula milk to their ~ fits and risks of this approach are balanced and more women
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with HIV decide to breastfeed, even in high-resource settings.’
Switzerland changed its guidelines in 2018 to suggest a shared
decision-making process and support women living with HIV
who wish to breastfeed.?

The main concerns about the transfer of maternal antiretroviral
drugs (ARV) via breastmilk to the newborn are the potential for de-
velopment of HIV resistance in infants in case of HIV infection and
the potential toxicity of long-term ARV exposure via breastfeeding.

To date, nearly all reports about ARV transfer in breastmilk
came from low-income and middle-income countries. First gener-
ation ARVs were shown to transfer in breastmilk to a various extent
with low, moderate and high levels for PI, NNRTI and NRTI, re-
spectively.* However, there are little data about the infant expos-
ure to newer ARVs via breastfeeding. The aim of our study was to
measure ARV concentrations in the breastmilk and the maternal
plasma to evaluate their transfer and estimate the daily infant
ARV dose from breastfeeding. In addition, ARV concentrations
were measured in the plasma of the breastfed infant.

Methods

The present project was nested in the Swiss Mother and Child HIV Cohort
Study (MoCHiV). MoCHIV prospectively collects coded data on
HIV-infected pregnant women and their children. The mothers are also fol-
lowed in the adult cohort [Swiss HIV Cohort Study (SHCS)]. MoCHiV and
SHCS were approved by the local ethical committees of the participating
centres and written informed consent was obtained from all participants.

All women living with HIV who gave birth and wishing to breastfeed
underwent interdisciplinary counselling. Breastfeeding was deemed pos-
sible if the following criteria were fulfilled: good adherence to treatment,
suppressed HIV plasma viral load (i.e. <50 RNA copies/mL) ideally
throughout pregnancy and accepting a strict follow-up in the post-
partum period. Routine clinical care included monthly visits during breast-
feeding as recommended by the Swiss guidelines.?

All infants were tested at 1 and 6 months of age by PCR and, in add-
ition, 3 months after weaning. Finally, all children underwent a serology
test at 18-24 months of age.

Maternal plasma and milk samples (collected manually) were obtained
at a single point during the follow-up visits (1, 3 and 6 months after birth).
There was no protocol-specified sampling schedule relative to dose intake
but the dosing times [i.e. time of maternal drug intake (self-reported) and
time of blood and breastmilk sampling] were documented in order to inter-
pret drug levels. When possible, a drug measurement was performed in
the infant (i.e. venous blood sample) at the 1 month follow-up visit.

ARV quantification was carried out by LC coupled to tandem MS ac-
cording to multiplex methods developed and validated in the
Laboratory of Clinical Pharmacology in Lausanne.>™® Stable isotopically
labelled analogues of drugs were used as internal standards. The drug
quantification in the breastmilk was performed using matrix-matched
calibrations prepared with blank breastmilk.

ARV concentrations in the breastmilk were compared with the simul-
taneous concentrations in the maternal plasma to determine their transfer
in breastmilk (milk/plasma ratios were determined based on single point
measurement). The milk drug concentrations were also used to calculate
the estimated infant daily drug dose received from breastfeeding, and the
corresponding relative infant dose using the equations detailed in the
Supplementary material, available as Supplementary data at JAC Online.

Results

Between 9 January 2019 and 7 February 2021, 41 women regis-
tered in MoCHiV delivered a child, and 25 decided to breastfeed,

Table 1. Demographics of 21 women

Age, median (IQR), years 35 (29-38)
Time since HIV diagnosis, median (IQR), years 9 (3.7-13.5)
Time since start ART, median (IQR), years 7.5 (3.6-10.3)

white 33.3; black 57.1;
Hispanic 4.8; Asian 4.8

Ethnicity (%)

Parity >1, n (%) 11 (64.7)
Heterosexual HIV acquisition, n (%) 18 (85.7)
Hepatitis B coinfection, n (%) 7 (33.3)
Hepatitis C coinfection, n (%) 0 (0)
CD4 at delivery, median (IQR) 795 (669-930)
HIV RNA suppressed, n (%) 21 (100)
ART at delivery, n (%), containing:
raltegravir 10 (47.6)
dolutegravir 3(14.3)
bictegravir 1 (4.8)
efavirenz 1(4.8)
nevirapine 2(9.5)
rilpivirine 2(9.5)
darunavir/ritonavir 2 (9.5)
emtricitabine/tenofovir disoproxil fumarate 13 (61.9)
emtricitabine/tenofovir alafenamide 3(14.3)
abacavir/lamivudine 5(23.8)

of which 21 accepted to be included in this pharmacokinetic
study. No change was made to their ARV treatment during the
breastfeeding period. Women prescribed multivitamins while
on integrase strand inhibitors (INSTIs) were provided recommen-
dations on how to take multivitamins in order to avoid drug inter-
actions (i.e. chelation), which could result in lower absorption of
the INSTI. Table 1 summarizes the demographic characteristics
and the ARV treatments. Several women were on newer ARVs in-
cluding raltegravir (10 women), bictegravir (1), rilpivirine (2), dar-
unavir/ritonavir (2) and tenofovir alafenamide (3). None of the
breastfed neonates received HIV post-exposure prophylaxis, in
line with Swiss recommendations.” Among the 21 included wo-
men, 1 was still breastfeeding when we analysed the study re-
sults. There was no HIV transmission in the 20 children who
completed breastfeeding including the child who was still breast-
feeding (HIV negative when tested at 18 months of age).

ARV concentrations, measured mostly at mid-dosing interval
in maternal plasma, milk and infants (drug measurements
done in 16 infants), are presented in Table 2.

The median milk/plasma ratios of the newer ARVs are 0.96/
0.39 for raltegravir once/twice daily, 0.01 for bictegravir, 1.08
for rilpivirine, 0.12 for darunavir/ritonavir and 4.09 for tenofovir
alafenamide. These data indicate that rilpivirine transfers well
in the breastmilk similarly to the other NNRTIs efavirenz and ne-
virapine. INSTIs transfer to a variable extent, with bictegravir and
dolutegravir having a low transfer whereas raltegravir has a
moderate-high transfer. Unlike other ARVs, bictegravir and do-
lutegravir concentrations in the infant are higher than the con-
centrations in the breastmilk. The PI darunavir shows very little
transfer into breastmilk and no detectable concentrations in
the infant. Finally, tenofovir derived from tenofovir alafenamide
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transfers well in the breastmilk, reaching generally higher con-
centrations compared with the maternal plasma, similarly to
other NRTIs other than tenofovir disoproxil fumarate. However,
despite high levels in the breastmilk, NRTI levels are very low or
undetectable in the infant.

The median estimated infant daily dose (mg/kg) from breast-
feeding is 0.02/0.25 for raltegravir once/twice daily, 0.01 for bic-
tegravir, 0.02 for rilpivirine, 0.05 for darunavir/ritonavir and 0.007
for tenofovir alafenamide. The resulting relative infant dose is be-
low the exposure index of 10% that has been proposed as a
safety threshold for infant exposure to maternal drugs from
breastmilk.2°

Discussion

We showed that rilpivirine and tenofovir derived from tenofovir
alafenamide transfer well in the breastmilk, similarly to other
NNRTIs and NRTIs (except tenofovir derived from tenofovir diso-
proxil fumarate). Conversely, darunavir/ritonavir, like other PIs,
has a low transfer. Finally, INSTIs transfer to a variable extent.
Bictegravir and dolutegravir (highly protein bound) have a low
transfer whereas raltegravir (protein binding: 80%) has a moder-
ate to high transfer. The differences in drug transfer are partially
explained by the physicochemical properties of the drug (i.e. mo-
lecular weight, lipophilicity, ionization and protein binding), which
affect passive diffusion. Another influencing factor relates to the
interaction of ARVs with drug transporters expressed on the
mammary epithelium, and which may limit their transfer in
the milk.?* For instance, the breast cancer resistance protein
(BCRP) was shown to be localized on the apical side of lactating
mammary glands and to be up-regulated during lactation.??
Substrates of this transporter are expected to be actively pumped
into the breastmilk whereas inhibitors of this transporter (e.g. PIs)
are less likely to transfer in the breastmilk.?>?? The milk/plasma
ratios obtained in our study are consistent with previous data re-
porting a good transfer for efavirenz and nevirapine,*?** accu-
mulation of abacavir, lamivudine, emtricitabine and tenofovir
derived from tenofovir alafenamide in the breastmilk,*?32>26
but minimal transfer for tenofovir derived from tenofovir diso-
proxil fumarate.?>¢ The difference between tenofovir alafena-
mide and tenofovir disoproxil fumarate could be explained by
the fact that tenofovir disoproxil fumarate is rapidly converted
to tenofovir in the maternal plasma. Tenofovir is present as a dia-
nion at physiological pH and has poor membrane permeability.*®
Conversely, tenofovir alafenamide is stable in plasma and more
liposoluble and therefore can distribute more in the mammary
alveoli, where it is subsequently converted to tenofovir.?®
Another potential explanation may relate to the fact that tenofo-
vir alafenamide is a substrate of BCRP and therefore is actively
pumped into the milk.?” Conversely, tenofovir disoproxil fumarate
is rapidly converted to tenofovir, which is not a substrate of
BCRP.?®

Regarding the newer ARV concentrations in the infant, we
found very low or undetectable levels for rilpivirine, raltegravir,
darunavir/ritonavir and tenofovir derived from tenofovir alafena-
mide, whereas the bictegravir level was 103 ng/mL, a value be-
low the EC95 (see Supplementary material). The infant
concentrations of other ARVs were consistent with previous
data showing differential exposure with very low or undetectable

levels for lamivudine,?3 emtricitabine, tenofovir derived from te-
nofovir disoproxil fumarate> and raltegravir,’® whereas efavir-
enz, nevirapine and dolutegravir were shown to be detectable
ininfants.**%*! We observed that dolutegravir levels in the infant
are comparable or higher than levels measured in the breastmilk,
as also reported previously.>>*! This observation relates to the
fact that dolutegravir is mainly metabolized by UGT1A1, a drug-
metabolizing enzyme whose immaturity, particularly in preterm
infants, can result in slow elimination of the drug.?%3!

Our results indicate that the daily infant ARV dose from breast-
feeding is low for all evaluated ARVs and within the safety thresh-
old (i.e. exposure index <10%) as observed by others.*?“?> The
clinical relevance of subtherapeutic ARV concentrations in the
breastmilk is unknown but raises concerns about the potential
development of resistances in the rare event of vertical transmis-
sion. Another potential concern relates to the differential drug
exposure in the infant, with some ARVs being below or above their
MICs, leading to monotherapy exposure and the related risk of
acquiring resistant HIV strains. Of interest, two large studies
showed that infants who had acquired HIV had high rates of mul-
ticlass drug resistance, with similar maternal patterns.3%32

The strength of this study is the variety of evaluated ARVs. The
study has several limitations such as the short follow-up period
and the limited number of enrolled breastfeeding women result-
ing in a small amount of data for several ARVs. Furthermore, the
study included only single point measurements with no protocol-
specified sampling schedule relative to the dose, and the time of
dose intake was self-reported. However, despite these limitations
the ARV concentrations measured in our study were aligned with
the expected maternal concentrations and milk/plasma ratios
reported previously for some ARVs.

In summary, our data show that ARVs transfer into breastmilk
and in the breastfed infant to different extents. Thus, breastfeed-
ing women should be counselled to strictly adhere to their ARV
treatment to prevent vertical HIV transmission and the develop-
ment of resistances, which may be favoured by the fact that not
all ARVs achieve effective inhibitory concentrations in the breast-
fed infant. This study is small so more data are needed to evalu-
ate the risk of acquiring resistances. In addition, future work will
need to expand pharmacokinetic data during breastfeeding as
well as follow-up data for the breastfed infants.

Acknowledgements

We thank all patients, doctors and nurses associated with the SHCS and
MoCHiV.

Members of the Swiss HIV Cohort Study

Abela A. L., Aebi-Popp K., Anagnostopoulos A., Battegay M., Bernasconi E.,
Braun D. L., Bucher H. C., Calmy A., Cavassini M., Ciuffi A., Dollenmaier G.,
Egger M, Elzi L., Fehr J, Fellay J, Furrer H., Fux C. A, Ginthard
H. F. (President of SHCS), Hachfeld A., Haerry D. (deputy of ‘Positive
Council’), Hasse B., Hirsch H. H., Hoffmann M., Hosli 1., Huber M., Kahlert
C. R. (Chairman of the Mother & Child Substudy), Kaiser L., Keiser O.,
Klimkait T., Kouyos R. D., Kovari H., Kusejko K. (Head of Data Centre),
Martinetti G., Martinez de Tejada B., Marzolini C., Metzner K. J., Muller N.,
Nemeth J., Nicca D., Paioni P., Pantaleo G., Perreau M. Rauch
A. (Chairman of the Scientific Board), Schmid P., Speck R., Stockle
M. (Chairman of the Clinical and Laboratory Committee), Tarr P., Trkola
A., Wandeler G. and Yerly S.

3440

£20Z JaqWIBAON OE U0 Jasn Binogsesis ap aJielisiaAlun 1o ajeuoneN anbayonqig Aq 601 €29/9EYE/Z /2 . /21onle/oel/woo dno-olwsepeoe//:sdny WwoJj papeojumoq


http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkac337#supplementary-data

Transfer of antiretrovirals in breastmilk

JAC

Funding

This study has been financed within the framework of the Swiss HIV
Cohort Study, supported by the Swiss National Science Foundation (grant
#1201369), by SHCS project #817 and by the SHCS research foundation.

Transparency declarations

AR. reports support to his institution for advisory boards and/or travel grants
from MSD, Gilead Sciences, Pfizer and AbbVie, and an investigator-initiated
trial (IIT) grant from Gilead Sciences. All remuneration went to his home in-
stitution and not to A.R. personally, and all remuneration was provided out-
side the submitted work. K.A.P., PAC, LD, SAS, I.H, BMD.T, CRK, AD.
and C.M. have no conflicts of interest in relation to this work.

Supplementary data

Supplementary material is available as Supplementary data at JAC
Online.

References

1 Flynn PM, Taha TE, Cababasay M et al. Association of maternal viral load
and CD4 count with perinatal HIV-1 transmission risk during breastfeed-
ing in the PROMISE postpartum component. J Acquir Immune Defic Syndr
2021; 88: 206-13. https://doi.org/10.1097/QA1.0000000000002 744

2 Waitt C, Low N, Van de Perre P et al. Does U=U for breastfeeding
mothers and infants? Breastfeeding by mothers on effective treatment
for HIV infection in high-income settings. Lancet HIV 2018; 5: e531-6.
https://doi.org/10.1016/S2352-3018(18)30098-5

3 Kahlert C, Aebi-Popp K, Bernasconi E et al. Is breastfeeding an equipoise
option in effectively treated HIV-infected mothers in a high-income set-
ting? Swiss Med Wkly 2018; 148: w14648. https://doi.org/10.4414/smw.
2018.14648

4 Waitt CJ, Garner P, Bonnett LJ et al. Is infant exposure to antiretroviral
drugs during breastfeeding quantitatively important? A systematic re-
view and meta-analysis of pharmacokinetic studies. J Antimicrob
Chemother 2015; 70: 1928-41. https://doi.org/10.1093/jac/dkv080

5 Courlet P, Alves Saldanha S, Cavassini M et al. Development and valid-
ation of a multiplex UHPLC-MS/MS assay with stable isotopic internal
standards for the monitoring of the plasma concentrations of the anti-
retroviral drugs bictegravir, cabotegravir, doravirine, and rilpivirine in peo-
ple living with HIV. J Mass Spectrom 2020; 55: e4506. https://doi.org/10.
1002/jms.4506

6 Courlet P, Spaggiari D, Cavassini M et al. Determination of nucleosidic/
tidic reverse transcriptase inhibitors in plasma and cerebrospinal fluid by
ultra-high-pressure liquid chromatography coupled with tandem mass
spectrometry. Clin Mass Spectrom 2018: 8-20. https://doi.org/10.1016/].
clinms.2018.04.001

7 Aouri M, Calmy A, Hirschel B et al. A validated assay by liquid
chromatography-tandem mass spectrometry for the simultaneous
quantification of elvitegravir and rilpivirine in HIV positive patients. J
Mass Spectrom 2013; 48: 616-25. https://doi.org/10.1002/jms.3200

8 Fayet A, Béguin A, Zanolari B et al. A LC-tandem MS assay for the sim-
ultaneous measurement of new antiretroviral agents: raltegravir, mara-
viroc, darunavir, and etravirine. J Chromatogr B Analyt Technol Biomed
Life Sci 2009; 877: 1057-69. https://doi.org/10.1016/j.jchromb.2009.02.
057

9 Aebi-Popp K, Bernaconi E, Kahlert CR et al. Recommendations of the Swiss
federal commission for sexual health (FCSH) for medical care of HIV-infected
women and their offspring. Dec 2018. https:/www.bag.admin.ch.

10 Kwara A, Tashima KT, Dumond JB et al. Modest but variable effect of
rifampicin on steady-state plasma pharmacokinetics of efavirenz in
healthy African-American and Caucasian volunteers. Antimicrob Agents
Chemother 2011; 55: 3527-33. https://doi.org/10.1128/AAC.00980-10

11 Cooper CL, van Heeswijk RPG. Once daily nevirapine dosing: a pharma-
cokinetics, efficacy and safety review. HIV Med 2007; 8: 1-7. https://doi.
0rg/10.1111/j.1468-1293.2007.00426.x

12 Ford SL, Gould E, Chen S et al. Lack of pharmacokinetic interaction be-
tween rilpivirine and integrase inhibitors dolutegravir and GSK1265744.
Antimicrob Agents Chemother 2013; 57: 5472-7. https://doi.org/10.
1128/AAC.01235-13

13 Wenning LA, Hanley WD, Brainard DM et al. Effect of rifampicin, a po-
tent inducer of drug-metabolizing enzymes, on the pharmacokinetics of
raltegravir. Antimicrob Agents Chemother 2009; 53: 2852-6. https://doi.
org/10.1128/AAC.01468-08

14 Krishna R, East L, Larson P et al. Effect of metal-cation antacids on the
pharmacokinetics of 1200 mg raltegravir. J Pharm Pharmacol 2016; 68:
1359-65. https://doi.org/10.1111/jphp.12632

15 Molto J, Valle M, Ferrer E et al. Reduced darunavir dose is as effective in
maintaining HIV suppression as the standard dose in virologically sup-
pressed HIV-infected patients: a randomized clinical trial. J Antimicrob
Chemother 2014; 70: 1139-45. https://doi.org/10.1093/jac/dku516

16 Singh RP, Adkinson K, Wolstenholme A et al. Pharmacokinetics, safety,
and tolerability of a single oral dose of abacavir/dolutegravir/lamivudine
combination tablets in healthy Japanese study participants. Clin
Pharmacol Drug Dev 2021; 10: 985-93. https://doi.org/10.1002/cpdd.996

17 Crauwels HM, Baugh B, van Landuyt E et al. Bioequivalence of the
once-daily single-tablet regimen darunavir, cobicistat, emtricitabine,
and tenofovir alafenamide compared to combined intake of the separate
agents and the effect of food on bioavailability. Clin Pharmacol Drug Dev
2019; 8: 480-91. https://doi.org/10.1002/cpdd.628

18 Custodio JM, Chuck SK, Chu H et al. Lack of clinically important PK
interaction between coformulated ledipasvir/sofosbuvir and rilpivirine/
emtricitabine/tenofovir alafenamide. Pharmacol Res Perspect 2017; 5:
e00353. https://doi.org/10.1002/prp2.353

19 Droste JAH, Verweij-van Wissen CPWGM, Kearney BP et al.
Pharmacokinetic study of tenofovir disoproxil fumarate combined with ri-
fampin in healthy volunteers. Antimicrob Agents Chemother 2005; 49:
680-4. https://doi.org/10.1128/AAC.49.2.680-684.2005

20 Ito S. Drug therapy for breast-feeding women. N Engl J Med 2000;
343: 118-26. https://doi.org/10.1056/NEJM200007133430208

21 Hodel EM, Marzolini C, Waitt C et al. Pharmacokinetics, placental and
breast milk transfer of antiretroviral drugs in pregnant and lactating wo-
men living with HIV. Curr Pharm Des 2019; 25: 556-76. https://doi.org/10.
2174/1381612825666190320162507

22 Jonker JW, Merino G, Musters S et al. The breast cancer resistance pro-
tein BCRP (ABCG2) concentrates drugs and carcinogenic xenotoxins into
milk. Nat Med 2005; 11: 127-9. https://doi.org/10.1038/nm1186

23 Marzolini C, Gray GE. Maternal antiretroviral prophylaxis and breast-
feeding. Antivir Ther 2012; 17: 1503-6. https://doi.org/10.3851/IMP2314

24 Olagunju A, Bolaji O, Amara A et al. Breast milk pharmacokinetics of
efavirenz and breastfed infants’ exposure in genetically defined sub-
groups of mother-infant pairs: an observational study. Clin Infect Dis
2015; 61: 453-63. https://doi.org/10.1093/cid/civ317

25 Mugwanya KK, Hendrix CW, Mugo NR et al. Pre-exposure prophylaxis
use by breastfeeding HIV-uninfected women: a prospective short-term
study of antiretroviral excretion in breast milk and infant absorption.
PLoS Med 2016; 13: e1002132. https://doi.org/10.1371/journal.pmed.
1002132

26 Yang N, Zhou G, Cheng X et al. Distribution evaluation of tenofovir in
the breast milk of mothers with HBeAg-positive chronic HBV infection

3441

£20Z JaqWIBAON OE U0 Jasn Binogsesis ap aJielisiaAlun 1o ajeuoneN anbayonqig Aq 601 €29/9EYE/Z /2 . /21onle/oel/woo dno-olwsepeoe//:sdny WwoJj papeojumoq


http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkac337#supplementary-data
http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkac337#supplementary-data
https://doi.org/10.1097/QAI.0000000000002744
https://doi.org/10.1016/S2352-3018(18)30098-5
https://doi.org/10.4414/smw.2018.14648
https://doi.org/10.4414/smw.2018.14648
https://doi.org/10.1093/jac/dkv080
https://doi.org/10.1002/jms.4506
https://doi.org/10.1002/jms.4506
https://doi.org/10.1016/j.clinms.2018.04.001
https://doi.org/10.1016/j.clinms.2018.04.001
https://doi.org/10.1002/jms.3200
https://doi.org/10.1016/j.jchromb.2009.02.057
https://doi.org/10.1016/j.jchromb.2009.02.057
https://www.bag.admin.ch
https://doi.org/10.1128/AAC.00980-10
https://doi.org/10.1111/j.1468-1293.2007.00426.x
https://doi.org/10.1111/j.1468-1293.2007.00426.x
https://doi.org/10.1128/AAC.01235-13
https://doi.org/10.1128/AAC.01235-13
https://doi.org/10.1128/AAC.01468-08
https://doi.org/10.1128/AAC.01468-08
https://doi.org/10.1111/jphp.12632
https://doi.org/10.1093/jac/dku516
https://doi.org/10.1002/cpdd.996
https://doi.org/10.1002/cpdd.628
https://doi.org/10.1002/prp2.353
https://doi.org/10.1128/AAC.49.2.680-684.2005
https://doi.org/10.1056/NEJM200007133430208
https://doi.org/10.2174/1381612825666190320162507
https://doi.org/10.2174/1381612825666190320162507
https://doi.org/10.1038/nm1186
https://doi.org/10.3851/IMP2314
https://doi.org/10.1093/cid/civ317
https://doi.org/10.1371/journal.pmed.1002132
https://doi.org/10.1371/journal.pmed.1002132

Aebi-Popp et al.

after treatment with tenofovir alafenamide and tenofovir disoproxil fu-
marate by a sensitive UPLC-MS/MS method. Front Pharmacol 2021; 12:
734760. https://doi.org/10.3389/fphar.2021.734760

27 Begley R, Das M, Zhong L et al. Pharmacokinetics of tenofovir alafena-
mide when coadministered with other HIV antiretrovirals. J Acquir Immun
Defic ~ Syndr 2018; 78: 465-72. https:/doi.org/10.1097/QAI.
0000000000001699

28 Marzolini C, Mueller R, Li-Blatter X et al. The brain entry of HIV-1 pro-
tease inhibitors is facilitated when used in combination. Mol Pharm 2013;
10: 2340-9. https://doi.org/10.1021/mp300712a

29 Feiterna-Sperling C, Bukkems VE, Teulen MJ et al. Low raltegravir
transfer into the breastmilk of a woman living with HIV. AIDS 2020; 34:
1863-7. https://doi.org/10.1097/QAD.0000000000002624

30 Waitt C, Orrell C, Walimbwa S et al. Safety and pharmacokinetics of
dolutegravir in pregnant mothers with HIV infection and their neonates:

a randomised trial (DolPHIN-1 study). PLoS Med 2019; 16: €1002895.
https://doi.org/10.1371/journal.pmed.1002895

31 Dickinson L, Walimbwa S, Singh Y et al. Infant exposure to dolutegra-
vir through placental and breast milk transfer: a population pharmacoki-
netic analysis of DolPHIN-1. Clin Infect Dis 2021; 73: e1200-7. https://doi.
org/10.1093/cid/ciaa1861

32 Fogel JM, Mwatha A, Richardson P et al. Impact of maternal and infant
antiretroviral drug regimens on drug resistance in HIV-infected breast-
feeding infants. Pediatr Infect Dis J 2013; 32: e164-9. https://doi.org/10.
1097/INF.0b013e31827f44ee

33 Zeh C, Weidle PJ, Nafisa L et al. HIV-1 drug resistance emergence
among breastfeeding infants born to HIV-infected mothers during a
single-arm trial of triple-antiretroviral prophylaxis for prevention of
mother-to-child transmission: a secondary analysis. PLoS Med 2011; 8:
e1000430. https://doi.org/10.1371/journal.pmed.1000430

3442

£20Z JaqWIBAON OE U0 Jasn Binogsesis ap aJielisiaAlun 1o ajeuoneN anbayonqig Aq 601 €29/9EYE/Z /2 . /21onle/oel/woo dno-olwsepeoe//:sdny WwoJj papeojumoq


https://doi.org/10.3389/fphar.2021.734760
https://doi.org/10.1097/QAI.0000000000001699
https://doi.org/10.1097/QAI.0000000000001699
https://doi.org/10.1021/mp300712a
https://doi.org/10.1097/QAD.0000000000002624
https://doi.org/10.1371/journal.pmed.1002895
https://doi.org/10.1093/cid/ciaa1861
https://doi.org/10.1093/cid/ciaa1861
https://doi.org/10.1097/INF.0b013e31827f44ee
https://doi.org/10.1097/INF.0b013e31827f44ee
https://doi.org/10.1371/journal.pmed.1000430

	Transfer of antiretroviral drugs into breastmilk: a prospective studyfrom the Swiss Mother and Child HIV Cohort Study
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	Funding
	Transparency declarations
	Supplementary data
	References




