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Effects of Antiretroviral Agents During Pregnancy on Liver Enzymes and Amylase
in HIV-Exposed, Uninfected Newborn Infants
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Thisstudy assessed the effect of antiretroviral drugsadministered to pregnant women on amylase and liver enzymes
of the neonate. A prospective study was conducted on 52 neonates divided into three groups: infants born to HIV-
infected motherstaking zidovudine (ZDV group, n = 18), infants born to motherstaking zidovudine + lamivudine +
nelfinavir (TT group, n = 22) and infants born to normal women (control group, n = 12). Umbilical cord blood from
the newborn infant was used to determine liver transaminases and amylase. Data were analyzed statistically by
nonparametric tests, with the level of significance set at p<0.05. The median levelsfor TT group newbornswere 33.3
U/L for oxaloacetic transaminase, 21.5 U/L for pyruvic transaminase, 1.9 mg/dL for total bilirubin, 153 mg/dL for
alkalinephosphatase, and 9.6 U/L for amylase. Theseresultsdid not differ from those obtained for Control newborns
or newborns exposed to ZDV alone. No association was observed between the use of antiretroviral drugs during
pregnancy and adver se effects on neonatal amylase and hepatic parameters at birth.
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Combination therapy has been increasingly used for the
prevention of mother-to-child transmission of HIV becauseit
has been shown to be more effective[1,2]. Nucleosidereverse
transcriptase inhibitors cross the placenta, with a maternal-
fetal drug transfer ratio closeto 0.85for zidovudine (ZDV), 1.0
for lamivudine (3TC), and minimal for protease inhibitors,
including nelfinavir (NFV). Although this maternal-fetal
transfer is beneficial regarding the prevention of the vertical
transmission of HIV-1, antiretroviral agents (ARV) may expose
theinfant to therisk for adverse effects[2-4].

Elevated transaminase level sare observed in the presence
of acute hepatic damage secondary to the exposure to
hepatotoxic agents, and serum amylase concentrations may
be used to determine, as first analysis, direct toxicity to the
acinar cells of the pancreas. Despite a reasonable interest in
this evaluation, there have been no studies evaluating
prospectively the effects of maternal ARV use on the hepatic
parameters and serum amylase of the neonates at birth [3].
Therefore, in the present study we assessed the effects of
two different intrauterine exposures, i.e., prophylactic use of
ZDV ortripleantiretroviral trestment (ZDV +3TC+NFV), on
the transaminase, bilirubin and alkaline phosphatase levels
and serum amylaselevelsof HIV-exposed uninfected neonates
at birth.

Materialsand M ethods
We carried out a prospective cohort study on 57 women
aged 16 to 43 years with singleton gestations. Forty-five of
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thesewomen wereinfected with HIV-1 and theremaining 12
were normal in both clinical and laboratory terms and all
subjects were selected at the time when they started prenatal
care. The present study was approved by the Research Ethics
Committee of the I nstitution and written informed consent to
participate was obtained from each subject.

The HIV-1-infected women were divided into two groups
named ZDV group and tripletreatment (TT) group. TheZDV
group consisted of 20 pregnant women who fulfilled the
requirementsfor the prophylactic useof ZDV (CD,> 500 cells/
mm?andviral load < 1,000 copiesmL). The TT group consisted
of 25 pregnant women with aclinical and laboratory indication
(CD, <500 cellg/mm?) for tripleantiretrovira treatment (ZDV +
3TC + NFV) according to the criteria established by the
Perinatal HIV GuidelinesWorking Group Membersregarding
antiretroviral treatment of pregnant women [4]. HIV-infected
patients who had not been treated previously with
antiretroviral drugs were selected for the study. The
antiretroviral agents recommended since the 14" week were
ZDV, 300 mg/dose, twiceaday for theZDV group and 300 mg
ZDV, 150 mg 3TC and 1250 mg NFV intwo daily dosesfor the
TT group.

We included for analysis gestational age at birth, alcohol
use, illicit drugs use during gestation, and tobacco use. We
excluded pregnant women with maternal hypertension,
diabetes mellitus, women who did not comply with the use of
antiretroviral drugs or used them irregularly, women taking
other medications, HIV-infected infants and newborn infants
with congenital infections.

Blood was obtained from pregnant women at two different
times during gestation (14-20 and 33-38 weeks) for the
determination of serum aminotransferases and amylase and
umbilical cord blood was obtained immediately after birth for
analysis of liver enzymes (alanine aminotransferase (ALT/
SGPT), aspartate aminotransferase (AST/SGOT), bilirubin,
alkaline phosphatase and serum amylase). These
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determinations could not be concluded in two ZDV group
andthree TT Group infants due to concomitance of exclusion
criteria. Serum was collected into a vacutainer tube without
anticoagulants and the analyses were carried out by an
automated method using the Behring Dimension RXL
apparatus.

A pilot study wasfirst carried out using the data obtained
from 10 newborn infants born to HIV-uninfected mothersand
from 10 additional neonates who had an indication for triple
antiretroviral agents during the intrauterine period and the
mean and standard deviation for the groups were cal cul ated.
Since we had hypothesized that use of antiretroviral drugs
during pregnancy would cause an elevation of
aminotransferases and amylase compared to control, a test
was performed to cal cul ate sample size by comparing means
by the unpaired one-tailed t-test, with oo = 0.05 and 3 = 20%,
indicating the need for aminimum sampleof 12 to demonstrate
adifferencerange of 35-40 percent related to aminotransferases
and amylase. Conversely, it has been demonstrated the need
for a sample of 18 newborn infants for the study groups to
demonstrate adifference range of 25-34 percent related to the
samevariables, respectively. The software GraphPad SatM ate
1.01 was used for these calculations.

Thevariahility of liver enzymes (ALT/SGPT, AST,/SGOT)
and serum amylase levels was calculated on the basis of the
median and interquartile variation (1st and 3rd quartile,
respectively). The nonparametric chi-square (x?), Mann-
Whitney and Kruskal-Wallistestswere used, with thelevel of
significance set at p<0.05. All analyseswere performed using
the SPSS 10.0 software.

Results

Median gestational age at delivery was 39 weeks for the
control group, 38.1 weeksfor the ZDV group and 38.5 weeks
for the TT group (Kruskal-Wallis, p = 0.57). Median infant
weight was 3,250, 3,080 and 3,100 g for the Control, ZDV and
TT groups, respectively (Kruskal-Wallis, p=0.45).

The proportion of tobacco consumption was 9.0, 40.0 and
20.0 percent for the control, ZDV and TT groups, respectively.
No significant difference was observed among groups (2
test, p = 0.10). Alcohol consumption was reported by 17.0,
30.0 and 48.0 percent of the control, ZDV and TT pregnant
women. These data also did not differ significantly among
groups (x*test, p=0.14). Noneof the pregnant women reported
the use of illicit drugs during pregnancy.

Table 1 presents the results concerning the variables for
the pregnant women, i.e., AST, ALT and amylase
concentrations, at two timesduring pregnancy (14-20 and 33-
38 weeks). Median AST levelsat 14-20 weekswere 20.5 U/L
for the control group, 24 U/L for theZDV group and 28 U/L for
the TT group. No difference was observed among groups
(Kruskal-Wallistest, p=0.16). At 33-38 weeks, median AST
levelswere 24.0, 27.5 and 30.0 for the control, ZDV and TT
groups, respectively (Kruskal-Wallis test, p = 0.33). For the
TT Group, the 75" percentilewas equal to or lessthan 36.5 U/

L for ALT and equal to or lessthan 48.0 U/L for amylase. No
significant difference was observed among groups regarding
ALT or amylaselevels (Kruskal-Wallistest, p=0.12 and p =
0.22, respectively).

Table 2 presents the results concerning the variables for
the newborns, i.e., ALT, AST, total bilirubin and amylase
concentrations detected in umbilical cord blood from the
newborn at the time of delivery. Analysis of these variables
demonstrated no significant differences between the
newborns of the TT and ZDV groups and the control group
(Mann-Whitney test, p>0.10).

Discussion

3TC and ZDV are classified by the Food and Drug
Administration (FDA) as category C, indicating there are no
controlled studiesin women and that animal studiesare either
not available or have revealed adverse effects. Thus, these
drugs should only be given if the potential benefits justify
thepotential risksto thefetus. 3TC readily crossesthe placenta
in humans, achieving comparable cord blood and maternal
concentrations [5], with pharmacokinetics similar to that
observed in non-pregnant adults and with no pharmacokinetic
interactionswith ZDV [4]. Conversely, ZDV rapidly crosses
the human placenta, achieving ratio of cord to maternal blood
of about 0.80. NFV isclassified as FDA pregnancy category
B, indicating that animal reproduction studies have failed to
demonstrate arisk to the fetus, and well-controlled studies of
pregnant women have not been conducted. On the other hand,
in a phase | study of pregnant women and their infants,
transplacental passage of NFV was minimal [4]. In astudy of
cord blood samplesfrom 38 women who weretreated with NFV
during pregnancy, the cord blood NFV concentration wasbelow
the assay limit of detection in 63% of samples and was low
(median, 0.35 mcg/mL) in the remaining women [6]. Another
study demonstrated median cord and maternal NFV
concentrationslower than 250 and 1110 ng/mL, respectively. It
has been suggested that limited transfer of protease inhibitors
may result from their high degree of plasmaprotein binding and
their backwards transport through P-glycoprotein, largely
expressed in the placenta [7]. Although there have been few
studies analyzing adverse metabolic and biochemical effect of
maternal ARV drugs on infant health [8], there have been no
reports of the hepatic parameters of newborn infants during
theimmediate postnatal period[3].

ARV drugs are associated with changes in hepatic
parameters. It has been previously demonstrated that
hepatotoxicity secondary to the use of ARV drugs occursin
2% of the patients exposed to highly active ARV therapy [9].
In general, all nucleoside analogues have been cited in these
statements, although their hepatotoxic potential differs, being
more prevalent for stavudine (d4T), zalcitabine (ddC) and
didanosine (ddl) than for abacavir, ZDV and lamivudine,
according totheir greater interference with mitochondrial DNA
synthesis. In addition, protease inhibitors are al so associated
with hepatictoxicity [10,11].
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Table 1. Aspartate aminotransferase (AST), alanine aminotransferase (ALT) and amylaselevel s obtained from pregnant women

at two different periods during gestation

Variables Control (n=12) ZDV (n=20) TT (n=25) p*

AST

14-20 weeks 205 240 280 0.16
(165-31.5) (220-280) (24.5-30.5)

AST

33-38weeks 240 275 300 033
(185-320) (245-31.5) (255-340)

ALT

14-20 weeks 175 235 240 0.15
(155-235) (20L0-26.5) (16.0-280)

ALT

33-38weeks 240 310 320 012
(180-330) (26.5-335) (28.0-36.5)

Amylase

14-20 weeks 335 335 350 018
(255-355) (30.0-36.5) (30.5-40.5)

Amylase

33-38weeks 375 b5 390 022
(30.5430) (320-395) (34.5-480)

ZDV group, pregnant women taking zidovudine alone. TT group, preghant women taking zidovudine + lamivudine +
nelfinavir. *Kruskal-Wallis test. Data are reported as medians and 1% and 3" quartiles in U/L.

Table 2. Alkaline phosphatase (AP), total bilirubin (TB), aspartate aminotransferase (AST), aanineaminotransferase (ALT), and
amylaselevelsobtained in umbilical cord blood from newborns at the time of delivery

AP B

AST

ALT Amylase

vk vk vk vk vk
Group mgdl ¥ mgd. P P UL P UL P
Control 12 . 0 %7 __ 176 __ 158
(n=12)  (97-169) (1822) (31-43) (15.7-21) (120180)
7DV 1B 03 18 058 22 07 169 08l 143 058
(n=18)  (117-189) (1625) (27-56) (12-26) (97-176)
T 13 0% 191 037 ®3 054 215 011 96 018
=22  (127-174) (1522) (2853) (156-3L5) (70160)

*Control group x ZDV and TT groups: p>0.05. Mann-Whitney test. ZDV group, infants born to mother taking zidovudine alone. TT
group, infants born to mothers taking zidovudine + lamivudine + nelfinavir. Data are reported as medians and 1st and 3rd quartiles.

None of the pregnant women enrolled in the present study
showed hepatotoxicity. Among the ARV agents frequently
used during pregnancy, NFV is rarely evoked as an agent
directly related to hepatotoxicity. The careful monitoring for
hepatotoxicity after initiation of ARV therapy isimportant since
it has been demonstrated that the side effects of ARV therapy
are more frequent in pregnant than in non-pregnant women.
This situation is more often demonstrated with the use of
nevirapine[12,13].

In the present study, the newborns of the control group
had median levelsof SGOT/AST of 36.7 U/L, median levelsof
SGPT/ALT of 17.6 U/L, total bilirubin of 2.0 mg/dL, direct
bilirubin of 0.53 mg/dL, and alkaline phosphatase of 134 mg/
dL. These results did not differ from those obtained from
newbornsexposedto ZDV aoneor to combined ARV schemes
during the prenatal period. The present datadiffer from those

reported by Silverman et al. [14], who observed discreet
elevation of hepatic function, especially AST concentrations,
in 58% of the newborns eval uated, even though none of them
presented symptoms of jaundice. The data obtained in the
present study are similar to those obtained in other studies
[15,16], permitting usto infer that the use of ARV drugsduring
pregnancy and delivery, whether in separate or combined ARV
schemes such as those used in the present series, does not
interfere with the hepatic parameters of the infants at birth.
Analysis of serum amylase concentrations in umbilical
cord blood at birth revealed that the newborns of the control
group presented a median value of 15.8 U/L, which did not
differ significantly from the values observed in the ZDV and
TT groups. Theinterest in the determination of thisbiochemical
parameter, despiteitsrecognized nonspecific nature, isdueto
the observation that several medications frequently used by
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HIV-infected patients are associated with subclinical
pancreatitis, possibly dueto direct toxicity to the acinar cells
of the pancreas [17]. Among the medications frequently
associated with damage to exocrine pancreatic function are
didanosine, pentamidine, the sulfonamides, corticosteroids,
and zalcitabine. 3TC has been associated with the possible
deterioration of pancreatic function in preliminary reports
regarding HIV-1-infected children taking this medication,
although thisresult was not confirmed in subsequent studies
conducted on adults. According to these investigators, no
association was observed between the use of ZDV and
proteaseinhibitors and the elevation in amylase concentration,
although this statement was contested by others [18] who
observed atendency to an elevation of thispancreatic enzyme
in patientstaking ZDV aone.

Although alarger number of pregnant women would have
been better for detecting an effect of lower magnitude among
groups, at present, this study isthe single prospective cohort
study that had addressed the effect of combination ARV
therapy used throughout gestation on serum transaminase
and amylase levels obtained from umbilical blood cord
immediately at birth, and has included all eligible women
diagnosed with HIV during the study period and their
neonates (September 2001 to March 2003). Our results may
demonstrate with reasonable assurance that the ARV agents
used during pregnancy did not cause an elevation greater
than 35%-40% among the infants of the groups studied.

Theresults obtained from the present series suggest saf ety
of the use of ARV drugs during pregnancy regarding liver
enzymes and amylase in HIV-exposed, uninfected newborn
infants. While our data are reassuring, we emphasi ze the need
for careful monitoring for hepatotoxicity after initiation of
antiretroviral therapy. Follow-up is still limited and needsto
be continued into adulthood before it can be concluded that
thereisno potential toxicity of maternal ARV treatment [8,19].
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