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INTRODUCTION

Human immunodeficiency virus (HIV) and hepatitis
virus share similar modes of transmission, for example,
transmission through blood transfusion, vertical/
perinatal transmission, and sexual contact. Hence it
is common that HIV-infected patients are co-infected
with hepatitis B virus (HBV) and/or hepatitis C virus
(HCV).M Approximately, 5-10% of HIV-infected persons
worldwide have chronic HBV co-infection, and in high
HIV prevalence areas, rate of HBV co-infection was as
large as 25%.5! And even in areas where HBV is less

endemic such as North America, Europe, and Australia,
up to half of injection drug users (IDU) infected with
HIV are co-infected with HBV.M It is estimated that
4-5 million HIV-infected patients are co-infected with
HCV in the world,” and the prevalence of HIV-HCV co-
infection is even up to 90% in persons injecting drugs.!

As more new medicines for highly active antiretroviral
therapy (HAART) were developed in the recent
years, mortality from AIDS is reduced dramatically
by HAART. HIV-infected patients are now faced with
other co-morbidity including liver damage from HIV-
viral hepatitis co-infections and its therapy./”! Studies on
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HIV-1 infected adults reveal that the rate of liver cirrhosis
and even hepatocellular carcinoma increased significantly
in HIV/AIDS patients after receiving effective HAART,
and the survival rate of HIV co-infection with HBV/HCV
was lower than that of HIV alone,®*! which brought a new
challenge to the treatment of AIDS.

Pediatric HIV-infected subjects are different from adult
patients in that they are in the growth stage, and the
liver is more susceptible.'® Children may acquire all
three viral infections by perinatal transmission and blood
transfusion. Sexual exposure and IDU are also factors in
older children."! More than 90% of newborns who are
exposed to HBV and HIV from co-infected mothers who
do not receive postexposure prophylaxis for HBV develop
chronic HBV infection." However, transmission risk of HCV
is relatively lower, since it is about 5% for a woman who is
positive for viral RNA at the end of her pregnancy, but at
least 10% if the woman is positive for HIV.'® HIV co-infection
with HBV/HCYV is associated with the failure to seroconvert
following acute infection and a greater risk of developing
chronic HBV/HCYV infection compared to HIV-seronegative
children."! Nevertheless, studies on liver damage in pediatric
HIV-infected patients with HBV/HCV co-infection are rare
in China to date. Therefore, this study aimed to investigate
the impact of HBV and/or HCV co-infection and HAART on
liver function of pediatric HIV-infected subjects.

MATERIALS AND METHODS

Study design and participants

A cohort study including 101 pediatric HIV-infected
subjects with HBV/HCV co-infection and 44 pediatric
comparators with HIV mono-infection, who were under the
age of 16, was carried out in Center for Disease Control and
Prevention (CDC) of Shangcai, Henan Province in China
from September 2011 to September 2012.

Human immunodeficiency virus-1 infection was diagnosed
on the basis of positive results of serological and HIV-RNA
detection assays. HCV infection was diagnosed based on
the positive results of anti-HCV test when the subjects were
enrolled at September 2011. HCV RNA was not detected for
the limited conditions. Patients were regarded as having a
chronic HBV infection when HBsAg could be detected in
plasma on two occasions 6 months before September 2011.

All pediatric HIV-infected subjects received HAART for
a minimum of 1-year and had no opportunistic infections
diagnosed at the time of being enrolled in the study.
Among the entire cohort, 49/145 (33.8%) received efavirenz
(EFV)-based HAART and 96/145 (66.2%) nevirapine
(NVP)-based HAART. 101 co-infected pediatric HIV-
infected subjects were divided into three groups according
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to various co-infections, HIV/HBV/HCV co-infection
groups, HIV/HBV co-infection groups, and HIV/HCV
co-infection groups. At the same time, 44 mono-infected
age, gender, and ethnically matched pediatric HIV-infected
subjects were selected as a control. None of the patients
had liver failure during the follow-up period. Informed
consent was obtained from the guardians of all subjects.
The study was approved by the Ethics Committee of the
First Affiliated Hospital, School of Medicine, Zhejiang
University (reference number 2011-157).

CD4* T-lymphocyte count

Whole blood was collected from participants in ethylene
diamine tetraacetic acid tubes. Plasma was separated from
cells by centrifugation and stored at -70°C for viral load
detection. Blood cells were determined by three-color flow
cytometry using FACScan (Becton Dickinson, Franklin
Lakes, NJ, USA) with a commercial flow cytometry assay
(Becton Dickinson), following the manufacturer’s protocol.

Quantification of human immunodeficiency virus RNA
Human immunodeficiency virus-1 viral load in the plasma
of the AIDS patients was quantitatively detected using
a standardized reverse transcriptase-polymerase chain
reaction assay (Cobas Amplicor HIV-1 Monitor Test, version
1.5, Ultra Sensitive Specimen Preparation, Roche Diagnostic
Systems Inc., Branchburg, NJ, USA). Low detection limit in
plasma was defined as 50 HIV-1 RNA copies/ml.

Anti-human immunodeficiency virus antibody
Anti-HCV antibody was detected using the third generation
anti-HCV enzyme-linked immunosorbent (ELISA, Beijing
Bioneovan Co., Ltd, Beijing, China) kits. Considering the
different antiturbulent effect of the third generation anti-
HCV ELISA kits, the samples were retested by two kinds
of kits from different manufactures, and those both tested
positive were considered anti-HCV positive.

Hepatitis B surface antigen

Hepatitis B surface antigen was detected using an ELISA
technique (AXSYM Automatic Elisa Detector, Abbott Inc.,
USA) with third generation assay (HBsAg version 3, Murex
Biotech Ltd., Dartford, UK) according to the manufacturer’s
manual of operation.

Liver enzyme and total bilirubin levels

The alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and total bilirubin levels in
peripheral blood were detected using a continuous
monitoring assay with fully automatic biochemical analyzer
(Hitachi 7600-210, Japan) every 3 months. In this assay, the
upper limit of normal was 40 IU/L and values above this
were considered “elevated” and graded I to IV according
to the AIDS Clinical Trial Group guidelines.™!
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Statistical analysis

Data were analyzed using the SPSS statistical package 18.0
(SPSS Inc., Chicago, IL). Normal distribution was evaluated by
the Kolmogorov-Smirnov test and Shapiro-Wilk test. Normally
distributed data were shown as mean + standard deviation,
and not normally distributed data were shown as median and
quartile. The Student’s t-test for independent samples or a one-
way ANOVA were used for normally distributed values. The
Mann-Whitney U-test was performed for values without normal
distribution. A P <0.05 was considered statistically significant.

RESULTS

Demographic characteristics of pediatric human
immunodeficiency virus-infected subjects

Demographic data of all participants and clinical characteristics
of pediatric HIV-infected subjects are shown in Table 1. Chronic
hepatitis co-infection was present in 101 patients (69.7%), of
whom 4 (4.0%) were infected by HCV, 19 (18.8%) were infected
by HBV and 78 (77.2%) were HCV/HBV co-infected. The
HAART regimens did not differ between patients with and
without HBV/HCV. In particular, no statistically significant
differences were found among those four groups in CD4"
T-lymphocyte counts and viral load before HAART (P>0.05).

During 1-year of HAART, the median levels of viral load
of the HIV mono-infection group, the HIV/HBV/HCV co-
infection group, the HIV/HBV co-infection group and the
HIV/HCV co-infection group decreased significantly (P <
0.001). The mean level of CD4* T-lymphocyte counts for the
four groups elevated significantly (P < 0.001) and the CDC

classes of the patients were improved. 20 of 37 patients in
CDC C were improved to CDC B, and 9 to CDC A. 31 of
65 patients in CDC B were improved to CDC A. However,
there were no differences among the four groups in viral
load and CD4" T-lymphocyte counts (P > 0.05) [Table 1].

Serum liver enzyme levels before and during therapy

In order to evaluate the change of the transaminase caused
by HAART, ALT, AST, and total bilirubin in each of the four
groups were analyzed. Compared with pre-HAART, the mean
level of ALT in each group had a significant elevation after
HAART (P<0.01). Co-infection groups had a higher increase in
ALT compared with HIV mono-infected group after HAART.
Moreover, a remarkably higher ALT value was found in HIV/
HCV co-infected group than HIV/HBV/HCYV co-infected group
(P<0.05). The mean levels of AST and total bilirubin were also
increased and much higher than pre-HAART in all the four
groups after HAART, especially in HIV/HBV/HCV co-infected
and HIV mono-infected group (P<0.01 and P <0.05) [Figure 1].

In order to evaluate whether the results were affected
by basic liver enzyme elevation (LEE), the change values
of ALT, AST, and total bilirubin from baseline were also
analyzed. The mean change values from baseline are shown
in Figure 2. Co-infected patients, compared to mono-
infected patients, had higher mean ALT change values
after HAART, but there was no remarkable difference
between mono and co-infected patients (P >0.05). The mean
change values of AST and total bilirubin from baseline had
no remarkable difference between mono and co-infected
patients either (P > 0.05) [Figure 2].

Table 1: Demographic data of all participants and clinical characteristics of pediatric HIV-infected subjects

Iltems HIV + HBV + HCV HIV + HBV HIV + HCV HIV
Case number 78 19 4 44
Genders

Male number (%) 49 (62.8) 13 (68.4) 1(25) 32 (72.7)

Female number (%) 29 (37.2) 6 (31.6) 3 (75) 12 (27.3)
Age (mean+SD) 7.52+3.04 10.56+7.05 9.25+1.71 8.00+2.87
Years of infection (meanSD) 5.47+4.04 4.26+4.15 7.21£1.56 6.25+2.33
Routes of infection

Mother to child (%) 70 (89.7) 13 (68.4) 2 (50) 40 (90.9)

Blood (%) 8 (10.3) 6 (31.6) 2 (50) 4 (9.9)
Years of HAART (mean+SD) 1.1£0.1 0.9+0.2 0.9+0.1 1.1x0.2
Regimen

d4T/AZT+3TC+EFV 25 9 2 12

d4T/AZT+3TC+NVP 55 10 2 30
Viral load median (quartile)

Pre-HAART 215401 (10937, 662735) 548932 (17854, 1046723) 86102 (7016, 143826) 117884 (8923, 286831)

After HAART

CD4* cell (/ul) (mean+SD)
Pre-HAART 166.72+156.27 126.22+172.72 135.22+122.72 181.30+£172.54
After HAART 767.63£339.24* 856.22+313.80* 847.26+213.80* 851.36+407.56*

CD4* cells were normally distributed and shown as mean+SD. Viral load were not normally distributed and shown as median and quartile; *P< 0.001, after HAART versus pre-HAART;
AZT = Zidovudine; 3TC = Lamivudine; EFV = Efavirenz; NVP = Nevirapine; d4T = Stavudine; SD = Standard deviation; HIV = Human immunodeficiency virus; HBV = Hepatitis B
virus; HCV = Hepatitis C virus; HAART = Highly active antiretroviral therapy

0 (0, 0)* 0 (0, 0)* 0 (0, 0)* 0 (0, 0)*
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Hepatotoxicity due to efavirenz and nevirapine among
patients with/or without co-infection

To explore the hepatotoxicity among various antiretroviral
drugs, pediatric HIV-infected subjects, including co-
infections and mono-infections, were divided into two
groups, NVP-based HAART group and EFV-based HAART
group, according to their respective therapeutic regimens.
The mean levels of ALT and AST in NVP based HAART
group increased significantly after HAART (P <0.01). There
was no difference the levels of ALT and AST in EFV-based
HAART group before and after HAART. Total bilirubin
had no remarkable change in both groups before and after
HAART (P > 0.05) [Figure 3].

To further investigate the liver toxicity caused by these
two antiretroviral drugs, change values of ALT, AST, and
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Figure 1: The comparison of (a) alanine aminotransferase; (b) aspartate
aminotransferase; and (c) total bilirubin in human immunodeficiency virus (HIV)/
hepatitis B virus (HBV)/hepatitis C virus (HCV) co-infected group, HIV/HBV co-
infected group, HIV/HCV co-infected group and HIV mono-infected group before
and after highly active antiretroviral therapy (HAART). *P < 0.01, **P < 0.05, after
HAART versus pre-HAART
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total bilirubin from baseline in the EFV based regimen
group and the NVP-based regimen group were analyzed.
As expected, mean change values of ALT and AST were
significantly higher in the NVP based regimen group than
in the EFV based regimen group (P <0.01). However, there
was no evidence for a significantly greater change in mean
total bilirubin levels in the two groups (P > 0.05) [Figure 4].

Finally, change values of ALT, AST, and total bilirubin from
baseline in both groups were analyzed according to different
co-infection. For the HIV/HBV/HCYV co-infected patients, the
mean change values of ALT and AST in NVP-based HAART
group was significantly higher than that in EFV-based HAART
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Figure 2: The comparison of the change values of (a) alanine aminotransferase
changes; (b) aspartate aminotransferase changes; and (c) total bilirubin from
baseline in human immunodeficiency virus (HIV)/hepatitis B virus (HBV)/hepatitis
C virus (HCV) co-infected group, HIV/HBV co-infected group, HIV/HCV co-
infected group and HIV mono-infected group before and after HAART. *P < 0.01,
after HAART versus pre-HAART
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Figure 3: The comparison of the mean levels of (a) alanine aminotransferase;
(b) aspartate aminotransferase; and (c) total bilirubin in nevirapine-based highly
active antiretroviral therapy (HAART) group and efavirenz-based HAART group
before and after HAART. *P < 0.01, after HAART versus pre-HAART
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Figure 4: The comparison of the change values of (a) alanine aminotransferase
changes; (b) aspartate aminotransferase changes; and (c) total bilirubin from
baseline in nevirapine-based highly active antiretroviral therapy (HAART) group
and efavirenz-based HAART group before and after HAART. *P < 0.01, after
HAART versus pre-HAART
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group (P<0.01). There were no remarkable differences in mean
ALT, AST, and total bilirubin change values between the two
groups for other patients (P > 0.05) [Figure 5].

DISCUSSION

In a place of the usual HIV-associated opportunistic
infections, morbidity, and mortality due to the sequelae of
HBV and/or HCV co-infection has taken on a leading role in
HIV-infected individuals." However, the effect of HBV/HCV
co-infection on HAART is still controversial. Whether co-
infected with HBV/HCV or not, the viral load of the majority
(90.34%) of pediatric HIV-infected subjects in our study was
decreased to the lower limit of detection level, while CD4*
T-cell counts increased significantly after receiving effective
HAART, and there was no significant difference among co-
infection individuals and single infection individuals, which
corresponds with the report of Li et al.I"®]

Studies previously have demonstrated LEE could be caused
by HIV virus, co-infection with HBV/HCV, opportunistic
infections, cancer, alcohol abuse, drug interaction, and
drug-induced hepatitis and so on.I"”** Both HBV and HCV
are philo-hepatovirus, which would damage the liver when
they were replicating, but combined with the hepatotoxic
effects of HAART, hepatocyte injury was more severe
than mono HIV infection. Cicconi et al."! pointed out that
co-infection with HBV/HCV was a vital risk factor related
with LEE after HAART. Pediatric HIV-infected subjects
are different from adult patients in that they are in the
growth stage, and the liver is more sensitive to HIV virus,
anti-HIV drugs, and HBV/HCV co-infection.™ LEE was
found in our study in all of the four groups of pediatric
HIV-infected subjects, and the rise of transaminase in
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Figure 5: The comparison of the change values of (a) alanine aminotransferase
changes; (b) aspartate aminotransferase changes; and (c) total bilirubin from
baseline in human immunodeficiency virus (HIV)/hepatitis B virus (HBV)/hepatitis
C virus (HCV) co-infected group, HIV/HBV co-infected group, HIV/HCV co-
infected group and HIV mono-infected group before and after HAART. *P < 0.01,
after highly active antiretroviral therapy (HAART) versus pre-HAART
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co-infection individuals was higher than in single HIV
infection individuals. At the same time, co-infected patients,
compared to mono-infected patients, had higher mean ALT
change values after HAART, but there was no remarkable
difference between mono and co-infected patients

The anti-HIV drugs can also bring about hepatocellular
damage.”"* Compared to EFV, NVP was more likely to result
in hepatotoxicity, which frequently occurred in patients with
higher CD4" T-cell counts.® Hepatocytes are more sensitive
to the hepatotoxicity of NVP when HIV-infected subjects
are co-infected with HBV/HCV. It was shown in our study
that the mean levels of ALT and AST in NVP-based HAART
group increased significantly after HAART. Moreover, mean
changes of ALT and AST in the NVP group were higher
than in the EFV group, especially in the HIV/HBV/HCV co-
infection group (P <0.01), which corresponds with some other
reports in adults.'**?1 Therefore, it is better for HIV-1 infected
patients with LEE to choose EFV-based HAART. In spite of
several anti-viral drugs having been reported to cause fatal
acute hepatitis, they most often result in an asymptomatic
elevation of transaminase levels after HAART.*! Liver
tolerability was good in our cohort, and the occurrence of
relevant hepatotoxicity was mild in most subjects. According
to the handbook of free antiretroviral treatment in China,!
instead of changing drugs or drug withdrawal, they need only
to administer some of the drugs orally, such as glycyrrhizinate
capsules, to prevent liver from hepatotoxicity.

There are several limits in our study. The co-infection of
HBV and HCV was only tested before HAART, and not
followed over time since HCV infection may be cleared by
the children during the 1-year of HAART. Because of the
limited conditions, HCV RN A was not detected, and HCV
infection was diagnosed based on the positive results of
HCV antibody test. Another limit of our study is that we
did not study the impact of other factors on LEE, such as
opportunistic infections, cancer, alcohol abuse, and drug use
mentioned above. These limits may bring bias on our results.

CONCLUSION

We showed that regardless of HIV/HBV/BCV co-infections,
good immunoviralogical response is achieved by 1-year
of HAART in pediatric HIV-1 infected patients. Although
the mechanisms underlying this may be multifactorial,
our findings most strongly support a significant role for
HBV/HCV co-infection as the major contributing factor to
liver-related complications. A rational selecting regimen is
necessary to both reduce HBV/HCV-related liver disease
and maintain antiviral effects. However, the time of HAART
for the pediatric AIDS patients is only 1-year in our study,
and the long-term effects of HAART on liver function need
further follow-up observation.
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