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ABSTRACT
Limited data are currently available on antiretroviral pharmacokinetics in breast milk (BM) and in breastfed infants’ blood. To
explore these parameters in patients in Mali, we measured
plasma antiretroviral levels in human immunodeficiency virus
(HIV)–infected mothers and their breastfed infants over 6 months.
We specifically analyzed the concentrations of efavirenz (EFV)
and lopinavir (LPV) in the plasma of mothers living with HIV and
their breastfed infants. Blood samples were collected at delivery
and at month 1, 3, and 6 postpartum. EFV and LPV concentrations were measured by liquid chromatography-tandem mass
spectrometry. HIV-1 RNA load was measured by Abbott
M2000RT RealTime System at delivery and 6 months postpartum for mothers, and at 3 and 6 months postbirth for infants.
The median duration of antiretroviral therapy at study inclusion
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was 57 months [interquartile range (IQR), 0–168 months]. The
median EFV ratios of infant plasma/maternal plasma (MP) were
0.057 at month 1, 0.072 at month 3, and 0.048 at month 6. During
the study period, the median BM/MP ratio of EFV was 1.16 (IQR,
0.96–20.62), which corresponds to a relative infant dose of
2.46% of the recommended weight-adjusted pediatric EFV dose
at month 6. The apparent infant clearance of EFV was 0.146 l/h
per kilogram at month 6. The LPV concentrations in the plasma of
all infants were undetectable. No drug-related adverse reaction
or toxicity was observed in any of the infants. The two women
who presented a viral load of .50 copies/ml at month 6 had
undetectable plasma drug concentrations at the same period.
This study showed that breastfed infants received a low level of
EFV but not LPV from their treated mothers.

Introduction
The prevention of human immunodeficiency virus (HIV)
transmission during pregnancy and breastfeeding remains a
major public health problem for resource-limited countries
(Joint United Nations Programme on HIV/AIDS, 2016; World
Health Organization 2016). Since 2010, new HIV infections
among children have decreased by half, but in 2015 still more
than 150,000 children were newly infected with HIV worldwide
(Joint United Nations Programme on HIV/AIDS, May, 31,
2016). The World Health Organization (2016) now recommends
that all pregnant and breastfeeding women initiate lifelong
antiretroviral therapy (ART), regardless of clinical stage or
CD4 cell count, to improve women’s health as well as to prevent
the transmission of HIV from mother to child or to sexual
partner. However, gaps in knowledge remain about the extent
of transfer of maternal antiretroviral agents to infants throughout pregnancy and breastfeeding. Such information may be
useful to identify optimal maternal antiretroviral regimens to
maximize infant protection while minimizing toxicity.
The extent of antiretroviral passage from maternal plasma
(MP) to breast milk (BM) and then to infant plasma (IP) varies
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Materials and Methods
Study Population. This was an observational, nonrandomized
PK study among HIV-infected women (mothers) and their nursing
infants from birth through 6 months postdelivery. Mother-infant pairs
were recruited at the units of the Pediatric Department of the
University Hospital Gabriel Touré (Bamako, Mali) and the common
reference Health Center V (Bamako, Mali). The deliveries were
uncomplicated. Women infected with HIV-1 were eligible for study
enrollment during their last trimester of pregnancy or immediately
postpartum if they were at least 18 years of age, residing in Bamako,
receiving ART with EFV (600 mg once daily) or lopinavir (LPV)/
ritonavir (400/100 mg twice daily) and planned to breastfeed or were
breastfeeding their infant. All women signed an informed consent
form, and the study was approved by the ethics committee of Faculty of
Medicine, Pharmacy and Dentistry of Mali.
PK Sampling. Maternal blood and BM samples and infant blood
samples were collected at months 1, 3, and 6 postdelivery. Plasma and
BM concentrations were determined at 12–14 hours postdose (middose interval) for EFV and approximately 1–2 hours after the mother’s
morning dose of LPV. For BM, mothers were instructed on a technique
to hand express a sufficient quantity of BM into a collection device. The
plasma was extracted and stored along with milk specimens in 280°
freezers before being shipped cold to France for analysis. Adherence
was assessed at each study visit; a study investigator asked each
subject the exact time at which the last dose of EFV or LPV was taken,
as well as whether any doses of ART were missed in the 1, 2, or 3 days
prior to the study visit.
Laboratory and Clinical Assessment. Hematologic (blood
count, hemoglobin), biochemical (alanine aminotransferase, creatinine, albumin), and immunologic (CD4 cell count) tests were evaluated at delivery in mothers and at the 1-, 3-, and 6-month postdelivery
study visits in mothers and infants. The plasma HIV-1 RNA level was
determined at delivery and 6 months postpartum for mothers and at
3 and 6 months postdelivery for infants using the Abbott M2000
RealTime HIV-1 assay with a lower limit of 40 copies/ml. A physical
examination of the mother (weight, height, temperature, palpation of
the spleen) and infant (weight, size, temperature) were performed at
each study visit. Also, at each postpartum study visit, mothers were

actively asked to report any infant adverse effects (e.g., rash, neurodevelopmental delays).
Antiretroviral Pharmacokinetic Analysis. Plasma EFV and
LPV concentrations were measured by liquid chromatographytandem mass spectrometry method. For calibration standards and
quality control, 50 mg/l standard or quality control solutions were
added into 200 ml of internal standard (500 ng/ml in acetonitrile) at
the sample tube and vortexed immediately for 30 seconds. After
5 minutes of repose, sample tubes were revortexed and centrifuged for
10 minutes at 10,500g. Next, 50 ml of supernatant was added to
200 ml of liquid control quality water and vortexed for 5 seconds, and then 150 ml of that solution was added to injection vials
to liquid chromatography-tandem mass spectrometry (Applied
Biosystems/MDS Sciex, Foster City, CA). The lower limit of quantification (LOQ) was set at 216 ng/ml for EFV and 264 ng/ml for LPV.
Linearity ranged from LOQ to 4900 ng/ml for EFV and from LOQ to
11,400 ng/ml for LPV in all samples. The interassay precision as defined
by CV ranged from 2.5% to 5.2% for EFV and from 4.5% to 3.9% for LPV.
A 25-ml sample of BM was vortexed for 10 seconds before use and
extracted with 1.5 ml of methanol; this was vortexed for 60 seconds in
the presence of internal standard. The extract was centrifuged at
3500g for 10 minutes. The supernatant was transferred into a 5-ml
tube and evaporated to dryness in a rotary evaporator under vacuum
(Thermo Electron Industries, Chateau Gontier, France) operating at
40°C. The residue was reconstituted in 300 ml of mobile phase A (2 mM
ammonium acetate, 0.2% acetic acid in water) and phase B (2 mM
ammonium acetate, 0.2% acetic acid in methanol) (40:60, v/v), and
aliquots were transferred into autosampler vials. Linearity ranged
from LOQ to 5000 ng/ml for EFV and LPV, and from LOQ to
1000 ng/ml for ritonavir in all samples. The interassay precision
ranged from 3.5% to 7.8% for EFV and from 4.2% to 5.0% for LPV.
Relative Infant Dose. To estimate the ingested infant dose, we
applied the following formula: ingested infant dose (mg/ml per day) 5
Cmilk  Vi, where Cmilk (mg/ml) is the measured drug milk concentration and Vi is the milk volume ingested by the infant, assuming an
average volume of ingested BM of 150 ml/kg per day (Howard and
Lawrence, 1999).
The relative infant dose received through BM can then be expressed
as a percentage of the weight-adjusted maternal or pediatric dose, as
follows: relative infant dose (%maternal) 5 [ingested infant dose (mg/kg
per day)]/[maternal daily dose (mg/kg per day)]  100, based on the
median maternal weight at study baseline; or relative infant dose
(%pediatric) 5 [ingested infant dose (mg/kg)]/[pediatric daily dose (mg/kg
per day)]  100, based on the median infant weight at month 6.
Infant Apparent Clearance. Apparent clearance is a hybrid PK
parameter combining information from both drug absorption and
elimination and bringing information on the PK behavior of a drug.
From a PK point of view, apparent infant clearance (CL/F) is
expressed as the following formula: CL/F (l/kg) 5 ingested dose
(mg/kg)/AUC0–DI, where AUC is the area under the concentrationtime curve for the dosing interval (DI). The ingested dose was
calculated applying the previous formula, ingested infant dose 5
Cmilk  Vi, and the infant exposure (AUC0–DI) was calculated by
multiplying the infant’s plasma drug concentration by the DI following
the PK formula: AUC0–DI 5 Cplasma  DI; ðAUC24h 5 Cp2 24hÞ, where
DI 5 24 hours for EFV and 12 hours for LPV. A breastfed infant’s
ingested dose and plasma AUC values were estimated from a single
time point during the DI. Our computation assumes that a constant
concentration of drug exists in BM and IP throughout the DI. This
assumption seems reasonable for the following two reasons: 1) the
drug concentration in both matrices (BM and breastfed IP) is supposed
to be at steady state due to the repeated drug ingestion by the mother;
and 2) a low variation of drug concentration is expected in ingested
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dosing interval; EFV, efavirenz; HIV, human immunodeficiency virus; IP, infant plasma; IQR, interquartile range; LOQ, limit of quantification; LPV,
lopinavir; MP, maternal plasma; TDF, tenofovir; ZDV, zidovudine.
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considerably by antiretroviral drug class and individual agent.
A recent systematic review of 24 studies (Waitt et al., 2015)
that evaluated antiretroviral pharmacokinetics (PK) in
breastfeeding, HIV-infected women reported a pooled point
estimate for BM-to-MP ratio of 0.89 to 1.21 for the nucleoside
reverse transcriptase inhibitors (14 studies, 1159 paired
samples), 0.71 to 0.94 for the non–nucleoside reverse transcriptase inhibitors (17 studies, 965 paired samples), and 0.17
to 0.21 for the protease inhibitors (eight studies, 477 paired
samples). In addition, some studies have evaluated efavirenz
(EFV) concentrations in the BM of lactating HIV-infected
mothers (Schneider et al., 2008; Olagunju et al., 2015; Palombi
et al., 2016).
This particular work builds on and extends these prior
studies with the goal of studying simultaneously and longitudinally (several time points in 6 months) the antiretroviral
concentrations in BM and IP, the relationship between
maternal antiretroviral PK and biologic parameters (viral
load), as well as associated infant adverse effects. This study
uniquely covers all these parameters together in the same
population and at multiple time points.
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Results
From May 2014 to January 2016, 48 mother-infant pairs
were enrolled into the study and 41 pairs completed the study.
Seven women withdrew from the study because they stopped
breastfeeding before month 3; their data are not reported.
Mother and infant characteristics are summarized in Table 1.
The mean (S.D.) mothers’ age was 29 years (5.3 years). During
pregnancy, mothers were prescribed a three-drug ART regimen that was continued during breastfeeding; 32 mothers
received EFV plus tenofovir (TDF) and lamivudine; while
9 received lopinavir/ritonavir plus zidovudine (ZDV) and
lamivudine. The median (IQR) duration of ART before study
inclusion was 57 months (0–168 months); all women reported
100% adherence to ART based on diary cards for 3 days prior
to the study visit. Each mother enrolled in the study gave birth
to one infant.
EFV Pharmacokinetics and Infant Exposure. Among
the 32 maternal-infant pairs exposed to EFV who completed
the study, there were 83 MP (86%), 82 IP (85%), and 83 BM
(86%) samples available for analysis across all three study
time points; samples were excluded from the final analysis due
to a shipping error. Median MP and BM concentrations, as
well as IP concentrations, of EFV are reported in Table 2.
Across the study period, the median (IQR) BM/MP ratio of
EFV was 1.16 (0.96–20.62), which corresponds to a relative
infant dose of 2.46% of the recommended weight-adjusted
pediatric EFV dose at month 6. The median (IQR) CL/F values
of EFV were 0.098 (0.076–0.198), 0.085 (0.075–0.139), and
0.146 (0.111–0.246) l/h per kilogram at months 1, 3, and 6,
respectively.
LPV Pharmacokinetics and Infant Exposure. Among
the nine maternal-infant pairs exposed to LPV/ritonavir who
participated in the study, there were 21 MP (78%), 20 IP
(74%), and 23 BM (85%) samples available for analysis across
all three study time points. Median MP and BM concentrations, as well as IP concentrations, of LPV are reported in
Table 3. Across the study period, the median (IQR) BM/MP
ratio of LPV was 0.063 (0.036–0.088), which corresponds to an
estimated relative infant dose of 0.23% of the recommended
weight-adjusted pediatric LPV dose at month 6.

TABLE 1
Participants’ characteristics
Data presented as the mean (S.D.), unless otherwise indicated.
Characteristic

Mothers (n = 41)

Age (yr)
Weight (kg)
HIV-1 RNA ,40 copies/ml, n (%)
Mean CD4+ count (cells/mm3)
Gestational age at birth (wk)
Weight at birth (g)
Weight at month 6 (g)

29
56
36
588

Infants (n = 41)

(5.3)
(7.2)
(88)
(260)
37.1 (0.3)
3992 (506)
6183 (624)

Safety Considerations. At delivery, five women (12%) had
detectable HIV RNA levels in plasma (mean, 2467 copies/ml;
S.D., 3122 copies/ml). At 6 months postdelivery, two of these
same women had persistent viremia (HIV RNA levels of
593 and 200 copies/ml). There was no significant difference
between drug concentrations in women with or without detectable HIV RNA. All infants were HIV negative at birth and
remained HIV negative throughout the study period.
During the 6 months of follow-up after birth, there were four
occurrences of grades 1 or 2 anemia among the 41 infants;
32 infants were exposed to EFV, TDF, and lamivudine; and
9 infants were exposed to LPV/ritonavir, ZDV, and lamivudine. No severe anemia (grades 3 or 4) in breastfed infants
were found in this study. Overall, there was no difference in
the median hemoglobin levels at month 1 versus month 6 (11.1
vs. 12.1 g/dl) in infants born to women in treatment (P 5 0.56).
There were no other drug-related adverse effects identified or
reported in the infants throughout the study period.

Discussion
This study explored the extent to which EFV and LPV are
excreted from MP to BM and to IP in Malian mothers living
with HIV and their paired nursing infants, and also explored
associations between antiretroviral exposure and safety parameters. Among 32 mother-infant pairs, EFV was efficiently
excreted into the BM, represented by a BM/MP ratio ranging
from 1.06 to 1.27 during the follow-up at 6 months postdelivery. However, the subsequent transfer of EFV from BM to
IP was low; IP/MP ratios ranged from 0.048 to 0.072 over the
same time period. Further to this, we calculated that nursing
infants ingested less than 3% of the relative infant dose of EFV
from BM, based on a weight-adjusted recommended pediatric
dose (https://aidsinfo.nih.gov/contentfiles/lvguidelines/pediatricguidelines.pdf). In contrast to EFV, LPV was inefficiently
excreted into the BM, represented by BM/MP ratios ranging
from 0.088 to 0.39 over 6 months of follow-up. Based on this
exposure in BM, we calculated a relative infant dose of 0.23%
of the recommended pediatric dose of LPV, adjusted for weight
in a 6-month-old infant. This estimated negligible transfer of
LPV from mother-to-infant via BM was supported by measured IP concentrations, which were undetectable in all
infants over the 6 months postdelivery.
In the study of the passage of EFV in BM, our results are
consistent with previous studies Schneider et al., 2008;
Olagunju et al., 2015; Palombi et al., 2016; ter Heine et al.,
2008. (5–7, 17) showing high concentrations of this drug in BM
and low levels in breastfeeding infants. For EFV, using an
intensive PK study design over the 24-hour DI, Olagunju et al.
(2015) reported a median (range) BM/plasma ratio of 1.10
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milk due to the short duration of breastfeeding (620 minutes of
suckling) as well as in breastfed IP due to repeated sucklings
throughout the DI (6–8 sucklings/day), mimicking a perfusion.
Statistical Analysis. Mother-infant demographics and laboratory parameters were summarized descriptively by frequency or
proportions and as mean (S.D.) or median [interquartile range
(IQR)], as appropriate. EFV and LPV concentrations in MP, BM,
and IP were reported as median with IQR and the ratio of median
BM/MP values for each study time point. The relative infant dose
and the apparent clearance were reported as the mean (S.D.) and
median (IQR), respectively. Reported infant adverse effects were
graded according to the Division of AIDS (DAIDS) Table for Grading
the Severity of Adult and Pediatric Adverse Events (version 2.0;
November 2014) (https://rsc.tech-res.com/docs/default-source/safety/
daids_ae_grading_table_v2_nov2014.pdf?sfvrsn58) and reported
using appropriate descriptive statistics. Adverse effects were categorized
as mild to moderate (grades 1 or 2) or severe to potentially life
threatening (grades 3 or 4). A Fisher’s exact test or chi square test was
used, as appropriate, to evaluate the association between EFV or LPV
concentration and HIV-RNA level or the presence of infant adverse
effects.
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TABLE 2
EFV concentration (nanograms per milliliter) in MP, BM, and IP over 6 months postpartum
Values are presented as the median (IQR) of individual ratios, n (the number of samples available for analysis, of a possible 32 samples; missing samples due to shipping
error), unless otherwise noted.
Study Visit

MPa

BMb

IPc

BM/MP Ratio

IP/MP Ratio

2930 (2450–6595),
n = 22
3050 (2060–6685),
n = 31
2740 (2150–8080),
n = 30

4660 (2940–7660),
n = 22
4160 (1900–6440),
n = 31
3920 (2570–9350),
n = 30

347 (282–573),
n = 22
268 (142–465),
n = 30
175 (90–331),
n = 30

1.11 (0.89–1.73),
n = 19
1.06 (0.86–1.63),
n = 30
1.27 (0.96–1.50),
n = 28

0.057 (0.03–0.11),
n = 20
0.072 (0.05–0.09),
n = 28
0.048 (0.03–0.07),
n = 24

Relative Infant Dose

%
Month 1
Month 3
Month 6

2.46

a

MP EFV was below the LOQ in one sample each at months 1, 3, and 6.
BM EFV was below LOQ in one sample at months 1 and 3, and in two samples at months 6.
IP EFV was below LOQ in one, two, and three samples at months 1, 3, and 6, respectively.

b
c

Two previous studies (Palombi et al., 2012; Corbett et al.,
2014) evaluated LPV concentrations in BM and infant feeding
with very low concentrations. Our results confirm the previous results on the low passage of LPV in human milk. We
reported a BM/MP ratio of 0.063 of LPV. This result is lower
than that of Palombi et al. (2012), with 0.38 and Corbett et al.
(2014), with 0.54. However, these differences can be explained
by the difference in the methodology used. Indeed, Palombi
et al. (2012) used a method with an LOQ at 10 ng/ml, which is
much lower than that determined using our method (216 ng/ml).
We estimated a relative child dose at 0.23%. Few studies have
been interested in the relative infant dose of LPV. The high
protein binding for LPV could explain this low diffusion in milk
(Shapiro et al., 2013).
EFV is mainly metabolized in the liver by the enzymes
CYP2B6, CYP2A6, CYP3A4, and UGT2B7 (Olagunju et al.,
2012). Salem et al. (2014) found that 90% of the maturity of
EFV metabolism was not reached until 9 months of age. This
may partly explain the lower apparent clearances that we
estimated for breastfed newborns compared with those reported in children (0.19 l/h per kilogram; 0.21–0.26) (Fletcher
et al., 2008) and 0.30 l/h per kilogram (0.07–1.0) (Hoody and
Fletcher, 2003) and in adults (0.15 l/h per kilogram).These
results seem to be explained by the fact that EFV is mainly
metabolized by the enzyme CYP450 2B6, the expression of
which increases with age (Pearce et al., 2016). However,
CYP2B6 expression does not completely explain the fact that
adults present lower apparent clearances compared with
children.
We found a plasma concentration of EFV in the infant of
356 ng/ml at month 1, 268 ng/ml at month 3, and 175 ng/ml
at month 6. This result is similar to previous reports from
other studies. Using a 3-day medication diary, which showed

TABLE 3
LPV concentration (nanograms per milliliter) in MP, BM, and IP over 6 months postpartum
Values are presented as the median (IQR) of individual ratios, n (the number of samples available for analysis, of a possible 32 samples; missing samples due to shipping
error), unless otherwise noted.
Study Visit

Month 1
Month 3
Month 6
a

MPa

BMb

IPc

BM/MP Ratio

1870 (586–4190) n = 4
10,900 (5495–15,750) n = 9
5790 (1230–10,600) n = 8

530 (150–890) n = 6
650 (160–940) n = 8
590 (200–770) n = 8

, LOQ n = 3
, LOQ n = 9
, LOQ n = 8

0.39 (0.07–0.62)
0.056 (0.036–0.064)
0.088 (0.06–0.14)

MP LPV was below the LOQ in one sample in months 1 and 6.
BM LPV was below the LOQ in one sample in months 1 and 3, and in two samples in month 6.
IP LPV was below the LOQ in three, eight, and seven samples in months 1, 3, and 6, respectively.
d
LPV concentration fell below the LOQ for all IP samples; therefore, the IP/MP ratio was not calculated.
b
c

IP/MP Ratiod

Relative
Infant Dose

%
0.23
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(0.57–1.71) among 29 mother-infant pairs. Also similar to our
study, Olagunju et al. (2015) calculated the average exposure
index, relative to a weight-adjusted pediatric and maternal
EFV dose, which they reported as a median (range) of 2.14%
(0.82%–8.05%) and 7.69% (2.04%–26.2%), respectively. This
compares to our findings of 2.46% and 6.6%, respectively, for
relative infant dose to weight-adjusted pediatric and maternal
doses of EFV. In another study, Palombi et al. (2016), described a median (IQR) BM/MP ratio of 0.76 (0.50–1.10) at
1-month postpartrum and 0.86 (0.54–1.13) among 33 mothers
(month 1), 47 mothers (month 12), and 25 infants in Malawi.
Other authors found results lower than ours (Schneider et al.,
2008; in Rwanda 0.54).
The passage of the drug into BM is determined by the PK
characteristics of the mother, the amount excreted in BM, and
the amount ingested by the infant (Anderson, 2006). High
interindividual variability and intraindividual variability in
EFV PK has been observed in children (Brundage et al., 2004).
The first study was conducted in Rwanda (n 5 13 motherinfant pairs) that reported a BM/MP ratio of 0.54 and an
IP/BM ratio of 0.24, which corresponds to an infant EFV
concentration that is approximately 13% of maternal concentrations; no infant adverse effects were reported (Schneider
et al., 2008). The second study, conducted in Nigeria (n 5
29 mother-infant pairs), reported a median (range) BM/MP
ratio of 1.10 (0.57–1.71) and a median average (range) infant
dose of 428 (164–1610) mg/kg per day, which represents 4.05%
(1.08–13.8) of a weight-adjusted pediatric dose (Olagunju
et al., 2015). The third study was conducted in Malawi (n 5
47 mothers and 25 infants) and reported a median (IQR)
BM/MP ratio of 0.76 (0.50–1.10) and 0.86 (0.54–1.13), respectively, at month 1 and month 12 of infant age (Palombi
et al., 2016).
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100% self-reported observance of our study subjects, we
found no association between adherence and PK parameters. However, despite a good adherence of the mothers, we
observed two mothers with undetectable plasma levels at
month 6.
None of the infants had a clinical adverse effect related to
their mother’s treatment. However, four children had minor
hematologic adverse reactions of grade 1 and 2 up to month
6 of the follow-up, and there were differences according to
the treatment of their mother (TDF vs. ZDV). No adverse
reactions or toxicity related to antiretroviral agents taken
by the mother was observed in children. Gandhi et al. (2013)
have described some adverse effects of hematologic type of
grade 1 or 2 in their study. Severe anemia occurred in 11 of
38 infants (28.9%) exposed to ZDV (Palombi et al., 2012). In
our study, the majority of mothers (32 of 41) received TDF;
only 9 mothers were taking ZDV. The microcytic anemia is
frequent in infants. The mean value varies from the first
month to the sixth month of life (Palombi et al., 2012). We
did not find cases of severe anemia in the study. Although
Dryden-Peterson et al. (2011) reported a higher incidence of
severe anemia in infants exposed to ZDV-based maternal
ART in utero; our study did not find an association. In
addition, there was no difference between infants exposed to
ZDV and those exposed to TDF. Bae et al. (2008) reported
increased the risk of neutropenia up to 1 month of age after
in utero exposure to maternal ART. In our study, there were
no cases of severe neutropenia. However, we cannot rule out
a previous effect of exposure to ART since our first test was
performed at 1 month of age. Our study has several
limitations. The usefulness of monitoring the effect of
antiretroviral agents present in milk on the virus present
in milk is important to prevent resistance in breastfed
infants. Giuliano et al. (2007) reported that triple therapy
[azidothymidine, 3TC (lamivudine), and nevirapine] administered during pregnancy and postpartum significantly reduced the viral load in BM, thereby reducing viral exposure
across newborns breastfed with BM. In this study, all
children have EFV concentrations in plasma below the
recommended therapeutic level for adults. In the case of
HIV infection, exposure to subtherapeutic concentrations of
EFV through BM may promote resistance of the virus, as
described by other authors (Zeh et al., 2011; Inzaule et al.,
2016).
In conclusion, in our study, we have shown that during
ART in breastfeeding women, EFV is detectable at low levels
in the plasma of breastfed infants and without associated
side effects. However, LPV was undetectable in the plasma
of breastfed infants. In addition, the mothers had good
virologic responses during ART, and all breastfed infants
remained HIV negative throughout the 6-month study
period. Further studies are needed to evaluate the longterm safety concerns of infants exposed to EFV beyond
6 months of breastfeeding.
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