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THE HUMAN IMMUNODEFICIENCY

virus 1 (HIV-1) transmission
rate to newborns is now less
than 1% for women treated dur-

ing pregnancy.1 For pregnant women not
optimally treated, as in cases of HIV di-
agnosis late during pregnancy or persis-
tent viral replication at delivery, several
guidelines, observational reports, and the
results of a recent controlled study sug-
gest reinforcing the postnatal phase of
treatment with a combination of anti-
retrovirals, as a “postexposure prophy-
laxis.”2-7 The protease inhibitor lopina-
vir, with its pharmacological booster
ritonavir (lopinavir-ritonavir, Kaletra;
Abbott Laboratories, Abbott Park, Illi-

nois), is now the ritonavir-boosted pro-
tease inhibitor most widely prescribed
in children.8 Lopinavir-ritonavir is
licensed in the United States for HIV-
infected newborns older than 14 days
and in Europe for children older than 2
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Context Lopinavir-ritonavir is a human immunodeficiency virus 1 (HIV-1) protease in-
hibitor boosted by ritonavir, a cytochrome p450 inhibitor. A warning about its tolerance in
prematurenewbornswasrecentlyreleased,andtransientelevationof17-hydroxyprogesterone
(17OHP) was noted in 2 newborns treated with lopinavir-ritonavir in France.

Objective To evaluate adrenal function in newborns postnatally treated with lopinavir-
ritonavir.

Design, Setting, and Participants Retrospective cross-sectional analysis of the
database from the national screening for congenital adrenal hyperplasia (CAH) and
the French Perinatal Cohort. Comparison of HIV-1–uninfected newborns postnatally
treated with lopinavir-ritonavir and controls treated with standard zidovudine.

Main Outcome Measures Plasma 17OHP and dehydroepiandrosterone-sulfate
(DHEA-S) concentrations during the first week of treatment. Clinical and biological
symptoms compatible with adrenal deficiency.

Results Of 50 HIV-1–uninfected newborns who received lopinavir-ritonavir at birth for
a median of 30 days (interquartile range [IQR], 25-33), 7 (14%) had elevated 17OHP
levels greater than 16.5 ng/mL for term infants (�23.1 ng/mL for preterm) on days 1 to
6 vs 0 of 108 controls having elevated levels. The median 17OHP concentration for 42
term newborns treated with lopinavir-ritonavir was 9.9 ng/mL (IQR, 3.9-14.1 ng/mL) vs
3.7 ng/mL (IQR, 2.6-5.3 ng/mL) for 93 term controls (P� .001). The difference observed
in median 17OHP values between treated newborns and controls was higher in children
also exposed in utero (11.5 ng/mL vs 3.7 ng/mL; P� .001) than not exposed in utero (6.9
ng/mL vs 3.3 ng/mL; P=.03). The median DHEA-S concentration among 18 term new-
borns treated with lopinavir-ritonavir was 9242 ng/mL (IQR, 1347-25 986 ng/mL) com-
pared with 484 ng/mL (IQR, 218-1308 ng/mL) among 17 term controls (P� .001). The
17OHPandDHEA-Sconcentrationswerepositively correlated (r=0.53;P=.001).All term
newborns treatedwith lopinavir-ritonavirwereasymptomatic, although3prematurenew-
borns experienced life-threatening symptoms compatible with adrenal insufficiency, in-
cluding hyponatremia and hyperkalemia with, in 1 case, cardiogenic shock. All symptoms
resolved following completion of the lopinavir-ritonavir treatment.

Conclusion Among newborn children of HIV-1–infected mothers exposed in utero to
lopinavir-ritonavir,postnatal treatmentwitha lopinavir-ritonavir–basedregimen,compared
with a zidovudine-based regimen, was associated with transient adrenal dysfunction.
JAMA. 2011;306(1):70-78 www.jama.com
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years. However, published data concern-
ing its use in newborns are scarce and
limited to a few pharmacokinetic stud-
ies.8-12 The emergence of toxicity re-
ports in newborns is evidence of its in-
creasing use for postnatal prophylaxis.
A possible cardiac toxicity has been de-
scribed in 2 sets of premature twins in
the United States and Europe.13,14 A re-
cent Food and Drug Administration
(FDA) warning15 confirms these find-
ings, reporting other cases of life-
threatening conditions in premature
newborns. The mechanism of this tox-
icity is unknown, but possible yet un-
proven factors may include lopinavir ac-
cumulation due to liver immaturity in
very young children, possible effects of
the propylene glycol and ethanol used as
excipients in the lopinavir-ritonavir oral
solution, or both.

In April 2010, one of the centers of the
French national screening program for
congenital adrenal hyperplasia (CAH)
identified a transient increase of 17-
hydroxyprogesterone (17OHP) in dried
blood spots from 2 children treated at
birth with lopinavir-ritonavir. This un-
usual finding prompted us to cross-
check the French CAH screening data-
base and the French Perinatal Cohort of
infants born to HIV-infected mothers.
The aim of the study was to assess
whether immediate postnatal exposure
to lopinavir-ritonavir was associated with
changes in adrenal function compared
with standard prophylactic zidovudine
treatment.

METHODS
The French Perinatal Cohort is a nation-
wide prospective multicenter study fol-
lowing up children born to HIV-
infected mothers. The goals and design
have been described elsewhere.16 Be-
tween September 24, 1984, and Janu-
ary 1, 2011, 15 376 mother-child couples
have been included at 97 sites. The
present analysis was restricted to 32
centers in the Paris area (région Ile de
France) at which 2816 couples were in-
cluded during the study period (Decem-
ber 2004 to September 2008). All
HIV-infected pregnant mothers giving
informed consent (overall rate of re-

fusal, 4%) and their newborns are anony-
mously included no later than delivery.

Care and prophylaxis strategies are the
responsibility of the attending clini-
cians, who are encouraged to follow na-
tional guidelines. In brief, these guide-
lines—like those in all other Western
countries—recommend a combination
of antiretroviral treatment during preg-
nancy, an intravenous infusion of zido-
vudine during delivery, and zidovu-
dine monotherapy for the newborn
lasting 4 to 6 weeks. The guidelines in-
clude the possibility of reinforcing post-
natal prophylaxis for every case in which
the mother’s treatment is considered to
be suboptimal.2-4 In French guidelines,2

one of the options recommended for re-
inforcement of postnatal prophylaxis in-
cludes combination therapy based on
lopinavir-ritonavir alone with monitor-
ing of plasma concentrations.

The French national screening for
CAH is based on assaying 17OHP using
dried blood collected on filter paper.17

The recommended timing of the test is
at age 3 days, and samples are gener-
ally collected between days 2 and 5. A
17OHP value of 16.5 ng/mL or greater
for full-term infants and of 23.1 ng/mL
or greater for preterm infants (�37
weeks of gestation) indicates possible 21
hydroxylase deficiency.17 Children with
a positive screening result are immedi-
ately recalled for clinical evaluation and
serum 17OHP determination. During
the study period, 692 200 screening tests
(mean, 180 253 per year) were per-
formed in the Paris area. The coverage
rate of this screening is near 100%, with
fewer than 50 refusals annually.

Written informed consent and writ-
ten agreement of 1 of the parents are
required for neonatal CAH screening.
Participation in the French Perinatal
Cohort is based on informed consent.
All collected data are sent anony-
mously to the coordinating center, and
only investigators in clinical centers
could validate the possible cross iden-
tification between the 2 databases. The
cross-checking process and the use of
frozen samples for additional hor-
monal investigations were both ex-
pressly authorized for this study by an

institutional review board (Comité de
Protection des Personnes, Paris).

Study Population
Children treated with postnatal lopi-
navir-ritonavir prophylaxis were eli-
gible if they were in the Paris area be-
tween December 2004 and September
2008, were not HIV-infected, and re-
ceived lopinavir-ritonavir for at least 3
days or until the screening test for CAH
was performed, if not done at age 3
days. Sixty-four children at 15 of 32
sites fulfilled these criteria (lopinavir-
ritonavir–treated group). All non–HIV-
infected children who received a post-
natal prophylactic regimen free of
protease inhibitors were eligible for the
control group if they were born dur-
ing the same period and at the same 15
sites as eligible lopinavir-ritonavir–
treated children, to limit site and pe-
riod effects (n=1402). To facilitate the
complex process of confidential cross-
checking with CAH, we restricted this
process to a subgroup of children whose
identity had already been well estab-
lished on site—in strict respect of con-
fidentiality—during a previous proba-
bilistic cross-matching with French
registers of pediatric cancers18 (eFig-
ure, available at http://www.jama.com).

Overall, 17OHP screening results were
identified with certainty (and the chil-
dren thus included) for 50 of 64 eli-
gible newborns treated with lopinavir-
ritonavir, and 108 of 142 eligible control
newborns. Characteristics of included
and nonincluded eligible children ineach
group were similar, except for a lower
birth weight for included children of the
group treated with lopinavir-ritonavir
(eTable 1), and a higher proportion of
recently born children, children of pri-
miparous mothers, and those with late
gestational age when pregnancy fol-
low-up began in the control group
(eTable 2). When compared with all re-
maining children of the eligible control
group (n=1294), included control chil-
dren had a higher proportion of re-
cently born children, a higher propor-
tion of undetectable maternal viral load,
and a higher birth weight (eTable 3).
Matching failure for children entered into
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the process of cross-checking with CAH
was mainly due to discrepancy between
the name and surname given at birth and
the names used later. Rate of matching
failure was similar in treated and con-
trol groups.

Characteristics of mothers and chil-
dren were available from the French Peri-
natal Cohort database. Clinical symp-
toms of children were retrospectively
reassessed with the investigating clini-
cian in light of possible adrenal dysfunc-
tion. The results of 17OHP assays on
dried blood collected on filter paper were
available from the CAH database. Plasma
samples from frozen plasma banks at the
virology laboratories responsible for neo-
natal HIV diagnosis were available for de-
hydroepiandrosterone-sulfate (DHEA-S)
assays in a subgroup of children and ad-
ditional 17OHP assays for cases with ini-
tially elevated results.

Testing for 17OHP levels using dried
blood spots on filter paper collected at
birth was centralized and performed
using a solid-phase time-resolved fluo-
roimmunoassay method (AutoDELFIA
Neonatal 17OHP Kit; Wallac Oy, Turku,
Finland). Plasma 17OHP levels and
DHEA-S levels were determined by ra-
dioimmunoassay as previously de-
scribed (CISbio International, Gif-sur-
Yvette, France, and Immunotech,
Marseille, France).19,20 Plasma lopina-
vir assays involved high-pressure liquid
chromatography.10

Statistical Analysis

Statistical analysis was restricted to chil-
dren born at term. We used a Spearman
rankcorrelationcoefficient (r) to test for
correlationbetweenlevelsofDHEA-Sand
17OHP.�2 orFisherexacttestswereused
asappropriateforcategoricalvariablesand
t testorWilcoxonorKruskal-Wallis tests
forcontinuousvariables.P� .05was the
threshold for 2-sided statistical signifi-
cance. SAS version 9.2 (SAS Institute,
Cary,NorthCarolina)wasusedforanaly-
ses.Thepharmacologicaldatawereana-
lyzed using the nonlinear mixed-effect
modeling program NONMEM (version
VII, release1) tocalculate theanalysisof
variance and area under the curve for 0
through 24 hours (AUC0-24).21

Table 1. Characteristics of Mothers, Term Newborns Treated With Lopinavir-Ritonavir
During the Postnatal Period, and Term Control Participantsa

Treatment Group
(n = 42)

Control Group
(n = 93)

P
Value

Infant sex
Male 17 (40.5) 42 (45.2)

.61b
Female 25 (59.5) 51 (54.8)
Missing values, No. 0 0

Period of birth
2004-2006 23 (54.8) 43 (46.2)

.36b
2007-2008 19 (45.2) 50 (53.8)
Missing values, No. 0 0

Maternal origin
Sub-Saharan Africa 28 (68.3) 79 (85.0)

.03b
Other geographical origin 13 (31.7) 14 (15.0)
Missing values, No. 1 0

Maternal age
�25 y 2 (4.8) 9 (9.7)
25-34 y 21 (50.0) 46 (49.5) .61b

�35 y 19 (45.2) 38 (40.9)
Missing values, No. 0 0

Previous delivery
Yes 32 (80.0) 68 (73.1)

.40b
No 8 (20.0) 25 (26.9)
Missing values, No. 2 0

Timing of HIV diagnosis
Before pregnancy 39 (95.1) 76 (81.7) .04b

During pregnancy 2 (4.9) 17 (18.3)
Missing values, No. 1 0

Gestational age when follow-up began
�14 wk 20 (51.2) 37 (44.0)
14-27 wk 12 (30.8) 44 (52.4) .007b

�28 wk 7 (18.0) 3 (3.6)
Missing values, No. 3 9

Gestational term at delivery, median (IQR), wk 38 (38-39) 39 (38-40) .10c

Type of HIV
HIV-1 40 (95.2) 90 (96.7)
HIV-2 2 (4.8) 2 (2.2) .72c

HIV-1 and -2 0 1 (1.1)
Missing values, No. 0 0

ART during pregnancy
Yes 38 (90.5) 93 (100.0)

.009d
No 4 (9.5) 0
Missing values, No. 0 0

ART at conception
Yes 25 (61.0) 44 (47.3)

.14b
No 16 (39.0) 49 (52.7)
Missing values, No. 1 0

HAART based on lopinavir-ritonavir or other
ritonavir-boosted protease inhibitor as last ART

Yes 35 (83.3) 58 (62.4)
.01b

No 7 (16.7) 35 (37.6)
Missing values, No. 0 0

Maternal viral load near delivery
�50/mL 22 (57.9) 70 (79.6)
50-10 000/mL 14 (36.8) 16 (18.2) .03d

�10 000/mL 2 (5.3) 2 (2.3)
Missing values, No. 4 5

CD4 cell count near delivery
�200 cells/mm3 4 (10.3) 4 (4.7)
200-349 cells/mm3 10 (25.6) 15 (17.6) .25b

�350 cells/mm3 25 (64.1) 66 (77.7)
Missing values, No. 3 8

(continued)
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RESULTS
Between December 2004 and Septem-
ber 2008, 50 HIV-1 uninfected chil-
dren received lopinavir-ritonavir just af-
ter birth, and 108 received standard
prophylaxis: zidovudine alone (n=100),
zidovudine and lamivudine (n=6), or
zidovudine and nevirapine (n=2). The
median duration of postnatal lopinavir-
ritonavir treatment was 30 days (inter-
quartile range [IQR], 25-33 days), and
the median daily dose was 43.8 mg/
kg/d (IQR, 14.9-91.7 mg/kg/d). Lopi-
navir-ritonavir was administered with
lamivudine, zidovudine, or both in 26
cases and was administered alone in 24
cases. The reasons for the particular
choice of prophylactic regimen are not
routinely collected. Retrospective analy-
sis revealed inadequate treatment of
mother (n=29) or zidovudine resis-
tance of the maternal virus (n=7). The
reasons were not provided or were un-
available for 14 cases.

Fewer mothers of lopinavir-ritonavir–
treated children than control children
originated from sub-Saharan Africa
(68.3% vs 85%; P=.03), and more moth-
ers began follow-up later in their mater-
nity (18% began follow-up at 28 gesta-
tional weeks vs 3.6%; P = .007); as
expected, fewer received antiretroviral
therapy during pregnancy (90.5% vs
100%; P=.009) and had an undetect-
able viral load near delivery (57.9% vs
79.6%; P=.03) (TABLE 1). The propor-
tion of mothers who received ritonavir-
boosted protease inhibitor as the last an-
tiretroviral therapyduringpregnancywas
higher in the treated group than in the
control group (83.3% vs 62.4%; P=.01).
In most cases (77.4%), the ritonavir-
boosted protease inhibitor received by
the mothers was lopinavir-ritonavir.

17OHP and DHEA-S Levels

Among the 50 neonates treated with
lopinavir-ritonavir, 7 had abnormally
high 17OHP results from dried blood
spots (�16.5 ng/mL at term or �23.1
ng/mL preterm) vs 0 of 108 controls
(P� .001). For children born at term,
5 of 42 newborns treated with lopinavir-
ritonavir vs 0 of 93 controls had val-
ues greater than 16.5 ng/mL (P=.003).

Only children born at term who were
also exposed to ritonavir-boosted pro-
tease inhibitor in utero had values
greater than 16.5 ng/mL (14.3%, 5/35).
The median 17OHP value for term new-
borns treated with lopinavir-ritonavir
was 9.9 ng/mL (IQR, 3.9-14.1 ng/mL)
vs 3.7 ng/mL (IQR, 2.6-5.3 ng/mL) in
controls (P� .001) (FIGURE 1, TABLE 2,
and TABLE 3). The difference ob-
served in median 17OHP values be-
tween treated newborns and controls
was higher in children also exposed in
utero (11.5 ng/mL vs 3.7 ng/mL;
P� .001) than not exposed in utero (6.9
ng/mL vs 3.3 ng/mL; P=.03) (Table 3).
The 17OHP level was also associated
with maternal origin and gestational age
when follow-up began and at delivery
(Table 2).

Frozen samples for DHEA-S determi-
nation were available from 20 new-
borns (18 at term) treated with lopinavir-
ritonavir and 23 (17 at term) of the
control group. The characteristics of chil-
dren tested were no different from those
of untested children. Age at sampling was
similar in both groups (4 days of life;
range, 2-6 days). The median DHEA-S
values for children born at term were
9242 ng/mL (IQR, 1347-25 986 ng/
mL) for the treated group vs 484 ng/mL
(IQR, 218-1308 ng/mL) for the con-
trols (mean [SD] values for 2-6 days of

life: girls at term, 680 [650] ng/mL; boys
at term, 820 [640] ng/mL20) (FIGURE 2
and Table 3). DHEA-S and 17OHP val-
ues for individual children were

Figure 1. 17-Hydroxyprogesterone Levels in
Term Newborns Collected at Birth
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Results represent 42 children treated postnatally with
lopinavir-ritonavir and 93 controls. All children were born
at term, and tests were performed within 2 to 6 days
of life. Solid circles indicate mothers treated with ritonavir-
boosted protease inhibitor during pregnancy (n=35 in
treatment group and 58 in control group). Open circles
indicate no ritonavir-boosted protease inhibitor during
pregnancy (n=7 in treatment group and 35 in control
group). Horizontal bar indicates the median value;
17OHP, 17-hydroxyprogesterone.

Table 1. Characteristics of Mothers, Term Newborns Treated With Lopinavir-Ritonavir
During the Postnatal Period, and Term Control Participantsa (continued)

Treatment Group
(n = 42)

Control Group
(n = 93)

P
Value

Mode of delivery
Vaginal 18 (42.9) 37 (42.1)

Emergency cesarean delivery 7 (16.7) 16 (18.2) .97b

Elective cesarean delivery 17 (40.5) 35 (39.8)

Missing values, No. 0 5

Birth weight, median (IQR), g 3090
(2770-3360)

3200
(2820-3500)

.13c

Birth height, median (IQR), cm 49 (47-50) 49 (47-50) .87c

Missing value for height, No. 1 0

Breastfeeding
Yes 1 (2.5) 0

.32d
No 39 (97.5) 85 (100)

Missing values, No. 2 8

Abbreviations: ART, antiretroviral treatment; HAART, highly active antiretroviral treatment; HIV, human immunodefi-
ciency virus; IQR, interquartile range.

aUnless otherwise indicated, values are number (percentage). Missing values were excluded from the analysis.
b�2 Test.
c t Test.
dFisher exact test.
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strongly positively correlated (n=35,
r=0.53; 95% confidence interval [CI],
0.23-0.73; P=.001). Consistent with the
findings for 17OHP, the DHEA-S val-
ues were significantly higher only in
cases also exposed in utero to ritonavir-
boosted protease inhibitor.

Subsequent Postnatal
Hormonal Assays

For 6 of 7 newborns with abnormal
screening results, the second test either
with dried blood (n=2) or plasma (n=4)
on day 9 (n=4) or day 32 (n=1) while
still receiving lopinavir-ritonavir treat-
ment indicated normal 17OHP concen-
trations. One child was lost to fol-
low-up and could not be retested.

In addition to the screening control
procedure, hormonal assays (17OHP
and DHEA-S) were performed retro-
spectively using frozen samples from
the virology centers. Serum 17OHP was
assayed in samples collected at 1 month
(1 patient), 6 months (2 patients), and
7 months (1 patient) of life from full-
term newborns treated with lopinavir-
ritonavir (and thus after completion of
lopinavir-ritonavir treatment). In all 4
cases, the 17OHP levels were normal
despite a high 17OHP value at birth for
1 of them. DHEA-S levels after lopina-
vir-ritonavir completion were normal
in 6 cases; in a seventh case, the
DHEA-S level was extremely high on
day 4 (41 times the normal value), and
substantially lower at 1 month, al-
though it remained above normal (2.3
times the normal value).

Pharmacological Study

The median prescribed dose of lopina-
vir (under the responsibility of indi-
vidual clinicians) was 43.8 mg/kg per
day. Two children (premature twins)
received 91.7 mg/kg/d for 3 days after
birth (this dose is almost 3 times the
recommended dose of 30 mg/kg/d for
newborns). Plasma concentrations of
lopinavir (but not ritonavir) were avail-
able for 36 newborns, at a mean (SD)
age of 12.8 (12.2) days. The mean (SD)
delay between drug intake and lopina-
vir-ritonavir sampling was 6.2 (4.4)
hours. No relationship was found be-

Table 2. Factors Associated With Elevated 17-Hydroxyprogesterone Levels in Term
Newborns From Univariable Analysisa

No. of
Participants

17OHP Level,
Median (IQR),

ng/mL
P

Value

Postnatal lopinavir-ritonavir treatment
Yes 42 9.9 (3.9-14.1)

�.001b
No 93 3.7 (2.6-5.3)

Missing values 0

Exposure in utero to ritonavir-boosted protease
inhibitor, including lopinavir-ritonavirc

Yes 93 4.5 (3.2-8.3)
.004b

No 42 3.5 (2.5-6.1)

Missing values 0

Exposure to ritonavir-boosted protease inhibitor in
utero and postnatally

Both in utero exposure and postnatal
treatment

35 11.5 (3.7-15.5)

Only postnatal treatment 7 6.9 (4.5-9.5)
�.001d

Only in utero exposure 58 3.7 (2.8-5.8)

No exposure 35 3.3 (2.4-5.3)

Missing values 0

Maternal origin
Sub-Saharan Africa 107 3.7 (2.8-6.7)

.002e
Other geographical origin 27 7.2 (3.4-13.8)

Missing values 1

Maternal age, y
�25 11 3.3 (2.2-4.8)

25-34 67 4.9 (3.2-8.2) .10d

�35 57 3.7 (3.1-7.2)

Missing values 0

Previous delivery
Yes 100 4.2 (3.0-7.3)

.49b
No 33 4.7 (3.3-7.5)

Missing values 2

Timing of HIV diagnosis
Before pregnancy 115 4.2 (3.1-8.2)

.55e
During pregnancy 19 3.8 (2.5-7.2)

Missing values 1

Gestational age when follow-up began, wk
�14 57 4.2 (3.1-8.5)

14-27 56 3.7 (3.1-6.0) .005d

�28 10 7.9 (6.9-9.5)

Missing values 12

ART during pregnancyc

Yes 131 4.0 (3.1-7.4)
.10e

No 4 8.0 (6.0-9.4)

Missing values 0

ART at conception
Yes 69 4.5 (3.1-8.6)

.16b
No 65 3.7 (2.6-7.0)

Missing values 1

Viral load at delivery
�50/mL 92 3.9 (3.0-6.7)

50-10 000/mL 30 5.3 (3.2-11.6) .32d

�10 000/mL 4 3.9 (3.0-5.5)

Missing values 9

CD4 cell count near delivery, cells/mm3

�200 8 3.9 (3.5-10.3)

200-350 25 4.5 (3.3-8.3) .62d

�350 91 4.0 (2.8-7.0)

Missing values 11

(continued)
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tween 17OHP level and the plasma con-
centration of lopinavir: tests for corre-
lation between 17OHP levels and
AUC0-24 (r = 0.047, P = .78) and the
analysis of variance between normal or
abnormal levels of 17OHP and AUC0-24

(P=.50) were not significant.

Clinical Symptoms of Possible
Adrenal Insufficiency

Retrospectivereviewofall clinical symp-
toms reported in children treated with
lopinavir-ritonavir revealed17hospital-
izations for 17 children during the neo-
natalperiod for suspectedmaternal-fetal
bacterial infection (n=4), prematurity
(n=4), transient respiratory distress
(n=3), acute fetal distress syndrome
(n=1),poorsocialcontextprecludingsafe
neonatal care and optimal antiretroviral
treatmentathome(n=2),orvariousrea-
sonslinkedtobirth(n=3).Threeof these
childrenpresentedwithclinical andbio-
logical symptoms consistent with adre-
nal insufficiency (eTable 4). All 3 were
premature (30, 34, and 34 weeks of ges-
tation; 2 of them twins) and were ex-
posed in utero to a lopinavir-ritonavir–
based combination: lopinavir-ritonavir
was administered from birth in all 3
cases. Lopinavir-ritonavir was associ-
ated with zidovudine and lamivudine for
1 child and was given alone for 2. For
the twins, the dose of lopinavir given was
above recommendations (3 times
higher), with a residual plasma concen-
tration that was double that expected.

Severe metabolic abnormalities were
detected 24 hours, 72 hours, and 96
hours, respectively, after the start of
treatment. All 3 children had pro-
found hyponatremia with salt loss and
hyperkalemia. Electrolytic disorders
were severe enough to induce brady-
arrhythmia and cardiogenic shock in 1
child. No hypoglycemia was detected.

In all cases, treatment was required
to normalize the electrolytic distur-
bances: sodium chloride supplemen-
tation was administered in all cases,
with 9�-fludrocortisone and hydrocor-
tisone succinate in 1 case and sodium
polystyrene sulfonate in 1 case. In all
3 cases, hormonal disturbances were
discovered retrospectively: 17OHP lev-

els in dried blood spots were in the nor-
mal range for 2 newborns in contrast
with very high DHEA-S levels. 17OHP
level was clearly in the pathological
range in the third newborn. In all cases,
the metabolic perturbations resolved
within a few days of the completion of
lopinavir-ritonavir treatment.

COMMENT
In this cohort of HIV-1–uninfected new-
borns of HIV-1 infected mothers, we
found the postnatal treatment with lopi-
navir-ritonavir was associated with tran-
siently increased 17OHP levels. 17OHP
wasassayedaspartof thenational screen-
ing program for CAH using dried blood
spots collected between 2 and 5 days af-
ter birth. Complementary retrospective
assays of DHEA-S, using frozen plasma
samples, revealed extremely high values,
up to 64 times normal levels, during the
treatmentperiod(�28days).The17OHP
and DHEA-S values were strongly posi-
tively correlated, although a few chil-
dren with normal 17OHP results had ab-
normally high DHEA-S concentrations.
Most newborns were asymptomatic
during the short period of treatment
(4 weeks). However, we retrospectively
identified clinical and biological fea-
tures compatible with a transient but po-
tentially life-threatening adrenal insuf-
ficiency in 3 preterm newborns.

The incidence of transient abnormal
17OHP levels, as assessed from the
screening program in the general French

Figure 2. Plasma Dehydroepiandrosterone-
Sulfate Concentrations During the First Week
of Life in Term Newborns
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Results represent 18 term children treated postna-
tally with lopinavir-ritonavir and 17 controls. Solid circles
indicate mothers treated with ritonavir-boosted pro-
tease inhibitor during pregnancy (n=16 in treatment
group and n=13 in control group). Open circles in-
dicate no ritonavir-boosted protease inhibitor during
pregnancy (n=2 in treatment group and n=4 in con-
trol group). Horizontal bar indicates the median value;
DHEA-S, dehydroepiandrosterone-sulfate.

Table 2. Factors Associated With Elevated 17-Hydroxyprogesterone Levels in Term
Newborns From Univariable Analysisa (continued)

No. of
Participants

17OHP Level,
Median (IQR),

ng/mL
P

Value

Mode of delivery
Vaginal 55 4.2 (3.2-6.5)
Emergency cesarean delivery 23 3.3 (2.2-6.9) .15d

Elective cesarean delivery 52 4.8 (3.1-8.5)
Missing values 5

Infant sex
Male 59 4.8 (3.4-7.4)

.53b
Female 76 3.7 (2.7-7.8)
Missing values 0

Gestational term at delivery, Spearman correlation
(95% CI)

135 −0.25
(−0.40 to −0.08)

.004

Abbreviations: 17OHP, 17-hydroxyprogesterone; ART, antiretroviral treatment; CI, confidence interval; HIV, human im-
munodeficiency virus; IQR, interquartile range.

aMissing values were excluded from the analysis.
b t Test.
c In most cases, the ritonavir-boosted protease inhibitor during pregnancy was lopinavir-ritonavir; for children, only lopinavir-

ritonavir was used.
dKruskal-Wallis test.
eWilcoxon rank sum test.
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population, is around 0.03%.22 In con-
trast, 7 of 50 newborns (14%) receiving
lopinavir-ritonavir in our cohort had ab-
normal 17OHP values. Moreover, the dif-
ference relative to a control group of in-
fants born to HIV-1–infected mothers
receiving a standard postnatal zidovu-
dine treatment was statistically signifi-
cant. Despite reportedly weak transpla-
cental transfer of lopinavir and
ritonavir,23,24 we found that 17OHP lev-
els were highest among infants exposed
to lopinavir-ritonavir both during preg-
nancy and postnatally. Nevertheless, the
small number of women not receiving
ritonavir-boosted protease inhibitor lim-
its the power of this study to detect a
possible small association with postna-
tal exposure alone. Although these find-
ings cannot establish a causal relation-
ship, further studies are needed to test
the hypothesis of whether lopinavir-
ritonavir may act as an inhibitor of ad-
renal steroid synthesis in fetuses and
newborns.

Drug-induced adrenal insufficiency
is a well-known phenomenon in
adults25 but to our knowledge has not
previously been described in neo-
nates. Several drugs act on adrenal en-
zymes, primarily but not only those be-
longing to the p450 cytochrome (CYP)
family. Concerning adrenal cyto-
chrome enzymes, drugs can either in-
hibit cortisol synthesis (CYP19A1,
CYP11A1, CYP11B1) or activate cor-
tisol metabolism (CYP2B1, CYP2B2,
CYP3A4). The fixed-dose combina-
tion lopinavir-ritonavir used in this co-
hort includes ritonavir, a potent in-
ducer or inhibitor of several p450
cytochromes.8 This secondary effect led
to its use only as a pharmacological en-
hancer to “boost” the antiviral effects
of other protease inhibitors, notably
lopinavir, a substantially less potent cy-
tochrome disruptor. Interaction be-
tween ritonavir and adrenal enzymes
has been described,26 but with the op-
posite effect to what we observed here:

the inhibition of CYP3A4 involved in
glucocorticoid metabolism leads to del-
eterious interactions between ritona-
vir and synthetic steroids, with iatro-
genic Cushing syndrome.26

The absence of any reported adrenal
insufficiency associated with long-term
treatment with lopinavir-ritonavir—
either in adults or children—suggests the
possibility of a specific susceptibility dur-
ing the neonatal period. Severe clinical
symptoms were only observed in pre-
term newborns, reinforcing this no-
tion. A relative adrenal insufficiency dur-
ing the neonatal period transiently
worsened by cytochrome inhibition is
thus the main hypothesis.27-30 Abnor-
mally high 17OHP and DHEA-S titers are
compatible with a 21 hydroxylase defi-
ciency.31 This enzyme (CYP21) is a cy-
tochrome and therefore a potential tar-
get for ritonavir inhibition. However, the
enzymatic activity—induction, inhibi-
tion, or both—of lopinavir-ritonavir on
the various newborn adrenal cyto-

Table 3. 17-Hydroxyprogesterone in Dried Blood Spots Collected at Birth (2-6 Days of Life) and Dehydroepiandrosterone Sulfate in Frozen
Plasma Collected During the First Week of Life From Term Newborns Treated With Lopinavir-Ritonavir and Control Participants From
Bivariable Analysis

Treatment Group
(n = 42)

Control Group
(n = 93)

P
Value

No. of Participants
(Missing Values)

No. (%) or
Mean/Median (IQR)

No. of
Participants

(Missing Values)
No. (%) or

Mean/Median (IQR)

17OHP values �16.5 ng/mLa

Overall 42 (0) 5 (11.9) 93 (0) 0 .003b

Maternal ART containing ritonavir-boosted
protease inhibitorc

35 (0) 5 (14.3) 58 (0) 0 .006b

Maternal ART not containing
ritonavir-boosted protease inhibitor

7 (0) 0 35 (0) 0

17OHP values, ng/mLa

Overall 42 (0) 10.4/9.9 (3.9-14.1) 93 (0) 4.3/3.7 (2.6-5.3) �.001d

Maternal ART containing ritonavir-boosted
protease inhibitorc

35 (0) 11.1/11.5 (3.7-15.5) 58 (0) 4.3/3.7 (2.8-5.8) �.001d

Maternal ART not containing
ritonavir-boosted protease inhibitor

7 (0) 6.9/6.9 (4.5-9.5) 35 (0) 4.2/3.3 (2.4-5.3) .03e

DHEA-S values, ng/mLf

Overall 18 (24) 14 747/9242 (1347-25 986) 17 (76) 870/484 (218-1308) �.001e

Maternal ART containing ritonavir-boosted
protease inhibitorc

16 (19) 16 462/12 252 (4264-28 527) 13 (45) 791/484 (218-1308) �.001e

Maternal ART not containing
ritonavir-boosted protease inhibitor

2 (5) 1027/1027 (958-1096) 4 (31) 1124/504 (224-2025) .53e

Abbreviations: 17OHP, 17-hydroxyprogesterone; ART, antiretroviral treatment; DHEA-S, dehydroepiandrosterone sulfate; IQR, interquartile range.
aNormal values for 17OHP (term newborn): �16.5 ng/mL.
bFisher exact test.
c In cases of several different treatments during the pregnancy, the composition reported (with or without ritonavir-boosted protease inhibitor) is based on the last regimen received

during pregnancy.
d t Test.
eWilcoxon rank-sum test.
fNormal values for DHEA-S (term newborn): �1300 ng/mL.
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chromes remains to be evaluated pre-
cisely in vitro, as does the potential role
of geographical gene polymorphisms.32

The use of lopinavir-ritonavir in
newborns is recent but increasing.15

Although data concerning newborn tol-
erance are still limited, asymptomatic
grade 3 serum hyponatremia and hy-
perkalemia disturbances in 2 new-
borns were noted in the first pharma-
cology study.9 These unusual biological
disturbances in children born to HIV-
infected mothers may have been linked
to adrenal dysfunction. Electrolyte analy-
ses were not recorded in the routine fol-
low-up of the newborns in our study,
and therefore, we cannot exclude oc-
cult electrolyte disequilibrium. The car-
diac rhythm abnormalities and cardio-
genic shock observed in 1 premature
infant were considered probably re-
lated to electrolyte disturbances rather
than direct cardiac toxicity.

The triad of “shock—hyponatremia
with salt loss and renal insufficiency—
hyperkalemia” is the classical presenta-
tion of the early and severe form of ad-
renal congenital deficiency.33 Specific
cardiac toxicity of lopinavir has been dis-
cussed in case reports,13,14 but potas-
sium determinations were not re-
ported. Cardiac dysfunction was also
noted in 6 of the 10 cases included in
the recent FDA warning.15 The authors
considered possible specific lopinavir
toxicity but also the possibility of a toxic
effect of the propylene glycol and etha-
nol excipients. Four of those 10 chil-
dren had hyperkalemia, and it is pos-
sible that some of them also had cardiac
dysfunction induced by hyperkalemia
and salt loss–induced dehydration.

There is not necessarily a single
mechanism of the apparent toxicity of
lopinavir-ritonavir in newborns. Al-
though the drug dose administered to
some newborns in our study was higher
than recommended, there was no clear
link between circulating concentra-
tions of 17OHP and lopinavir. An evalu-
ation of ritonavir titers would be inter-
esting, although cytochrome inhibitory
or induction effects can be observed
at very low concentrations. Further
studies are needed to investigate in

more detail both the consequences
of lopinavir and its booster ritonavir
on adrenal function and the mecha-
nism of cardiac toxicity in premature
newborns.

In summary, our findings of the as-
sociation between lopinavir-ritonavir
and transient adrenal dysfunction in
HIV-1 uninfected newborns suggest
that lopinavir-ritonavir and more gen-
erally ritonavir boosting should be used
with caution, if at all, in premature in-
fants, and if this drug regimen is ad-
ministered to full-term infants, it should
be used under electrolyte monitoring.
Whether more prolonged exposure of
HIV-1-infected or uninfected infants via
breast milk34 is associated with endo-
crine disruption should be carefully in-
vestigated, and the apparent risk asso-
ciated with prenatal ritonavir exposure
also merits further evaluation.
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