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Hepatitis C virus (HCV) infection is uncommon in children, and its natural history is still unknown. Our aim was
to analyze exposure to HCV in 48 infants and children in Argentina and to evaluate consecutive samples in 26
of them to study the outcome of HCV infection in early stages. HCV viremia, as determined by reverse tran-
scription-PCR (RT-PCR) from the 5� untranslated region, showed continuously positive, occasionally positive,
and negative patterns during follow-up. Restriction fragment length polymorphism was performed on RT-PCR-
positive samples to evaluate HCV genotype. Genotype 1 turned out to be predominant, and no patient displayed
a genotype shift during the observation period. Perinatal HCV infection was predominantly observed in pa-
tients born to mothers coinfected with HCV and human immunodeficiency virus. HCV viral load was detected
by means of the AMPLICOR MONITOR, version 2.0, kit. No correlation was observed between HCV viral load
and alanine aminotransferase and aspartate aminotransferase levels, although we detected a trend towards
higher levels among patients displaying consecutive positive HCV RT-PCR results. Our results demonstrate
that pediatric HCV infection is characterized by high viral loads and diverse HCV viremia patterns, indepen-
dent of both age and route of transmission in the population under study. Further research is necessary to
determine whether the high rate of HCV replication is related to virus variability or to host immune response.

Since its discovery in 1989 (7), hepatitis C virus (HCV) has
been extensively studied due to its involvement in posttransfu-
sional non-A non-B hepatitis. HCV is rarely diagnosed in the
acute phase of infection. Most newly infected subjects show
only mild, nonspecific symptoms, if at all, and fulminating
hepatitis is rare. The infection has been characterized as an
insidiously progressive disease that may result in chronic active
hepatitis, cirrhosis, and hepatocellular carcinoma. Chronic
HCV is thus considered the main indication for liver trans-
plantation in adults. However, severe complications and death
usually occur in adults with cirrhosis, which is estimated to
develop in 15 to 20% of those infected (20).

HCV infection in childhood has been studied less, mainly
because of its initial asymptomatic course and thus the diffi-
culty in reaching an accurate diagnosis early in life. The main
risk factors for HCV transmission to children are maternal
HCV infection and transfusion of blood or blood products.
This latter issue has nearly disappeared since the introduction
of improved blood-screening measures worldwide in 1992. Ad-
olescents who were given a blood transfusion before 1992 are
thus still at risk of developing posttransfusional hepatitis and
its complications. Hence, perinatally acquired HCV and intra-
venous drug use are likely to be the only significant sources of
pediatric and adolescent HCV infection, respectively (17).

The outcome of infection is extremely variable when ac-
quired in childhood, and its natural history in children is still
unknown. Long-term outcome is relevant in pediatric patients,
as they may still be young adults after 20 to 40 years of infec-
tion. Furthermore, it is not feasible to predict in the early
stages which patients have a more somber prognosis (16, 17).

Nor is it known whether the risk of chronic disease is higher for
patients infected at birth than for those infected at an older
age. It has been documented that persistent infection develops
in 85% of infected newborns, whereas chronic hepatitis and
cirrhosis have been found in 70 and 20%, respectively, of those
chronically infected (31). Furthermore, persistent viremia in
children has been estimated to range from 45 to 86% of cases
(16) and shown to remain relatively stable in one patient over
time (4).

Considering the silent evolution of HCV infection in chil-
dren, periodic screening of the infection has become manda-
tory to prevent liver complications and to predict which pa-
tients will develop a more aggressive disease (3, 16).

Several studies have evaluated the epidemiology of HCV
infection in children and/or adults in Argentina (12, 14, 23, 24,
26–28), assessing the presence of HCV RNA in a single sample
(1, 23, 26, 28).

The aim of the present study was to analyze exposure to
HCV in 48 infants and children in Argentina and to evaluate
consecutive samples in 26 of them to study the outcome of
HCV infection in its early stages. As far as we have been able
to ascertain, this is the first study in our region that evaluates
a large pediatric cohort and furthermore contributes to the
knowledge of the natural history of the infection by assessing
biochemical and molecular parameters during a follow-up pe-
riod longer than 24 months.

MATERIALS AND METHODS

Patients and samples. This is a retrospective and prospective study on pedi-
atric HCV infection. From June 1998 to October 2002, 160 samples from 48
patients at risk for HCV infection were analyzed. In 9 cases, we also retrospec-
tively evaluated samples collected before 1998 which were properly preserved.
Forty-four patients attended the hepatology unit at the Ricardo Gutiérrez Chil-
dren’s Hospital, and 4 patients attended the hepatology units at other general
hospitals in Buenos Aires, Argentina.

HCV-infected infants and children were defined by the presence of (i) positive
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anti-HCV antibodies with a signal-to-cutoff ratio of �3.8 at or after 18 months
of age (2) and/or (ii) positive HCV RNA on two or more separate occasions.

Patients were classified into two groups, and the demographic, clinical, and
laboratory features are summarized in Table 1.

Group A comprised 22 patients older than 18 months from whom we obtained
only one blood sample each, whereas group B included 26 patients whose HCV
infections were monitored for follow-up.

Samples were obtained at regular intervals during follow-up, which was ini-
tially every 3 months. After confirmation of HCV infection, samples were collect-
ed at longer intervals (6 to 12 months) to monitor HCV viremia. The follow-up
period ranged from 3 to 107 months according to the age of the patient.

Anti-HCV antibodies were determined by third-generation HCV enzyme-
linked immunosorbent assay (Ortho Diagnostics Systems, Raritan, N.J.).

Blood samples were obtained by vein puncture and collected in sterile tubes.
Samples were centrifuged, and plasma was aliquoted in RNase-free tubes and
frozen to �80°C within 3 h.

Serum alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) levels were determined by the International Federation of Clinical Chem-
istry and Laboratory Medicine method by using an autoanalyzer (Roche Diag-
nostics GmbH, Mannheim, Germany) according to the manufacturer’s instruc-
tions. Normal ALT and AST levels were �32 and �48 IU/liter, respectively,
when testing was done at 37°C.

RNA extraction and RT-PCR of 5�UTR. RNA was extracted from 200 �l of
plasma with Trizol reagent (GIBCO BRL, Rockville, Md.) and chloroform. Two
microliters of RNA MS2 (Roche Diagnostics) was added to the extraction re-
agent in each tube as an internal control prior to extraction. RNA was precipi-
tated at �20°C with isopropyl alcohol and centrifuged for 30 min at 4°C. The
pellet was washed with 800 �l of 75% ethanol, dried, and resuspended in 40 �l
of sterile water. To evaluate the efficiency of extraction, 10 �l of RNA was
subjected to agarose gel electrophoresis and ethidium bromide-stained MS2
RNA was observed under UV. Reverse transcription (RT)-nested PCR ampli-
fication of the 5� untranslated region (5�UTR) was performed in a Perkin Elmer
GeneAmp PCR System 2400 thermocycler as previously described (14). Briefly,
10 �l of RNA was reverse transcribed and amplified by nested PCR with
5�UTR-specific primers. The primers used were as follows: for the first round,
sense primer NF5 (5�-GTG AGG AAC TAC TGT CTT CAC GCA G) and
antisense primer NR5 (5�-TGC TCA TGG TGC ACG GTC TAC GAG A)
(GIBCO BRL); for the second round, sense primer KF2 (5�-TTC ACG CAG
AAA GCG TCT AG) and antisense primer 211 (5�-CAC TCT CGA GCA CCC
TAT CAG GCA GT) (GIBCO BRL). The RT-PCR mixture contained 50 mM
KCl, 10 mM Tris-HCl (pH 8.4), 1.5 mM MgCl2, 0.16 mM (each) deoxynucleoside
triphosphate, 0.4 �M (each) primer, 1 U of Taq DNA polymerase (Promega),
and 2 U of Moloney murine leukemia virus retrotranscriptase (Promega). The
second round was done under the same conditions, except for the Moloney
murine leukemia virus retrotranscriptase, and with 5 �l of the first-round PCR
product. The PCR protocol consisted of one cycle of RT at 42°C for 15 min,

followed by the first PCR round at 95°C for 3 min, 30 cycles of 95°C for 1 min and
62°C for 1 min, and one cycle at 72°C for 7 min. The second round was done
under the same conditions as the first round. Twenty microliters of the 251-bp
second-round PCR product was observed under UV after electrophoresis on a
2% agarose gel containing ethidium bromide.

Negative results were retested by use of the RT-PCR-based AMPLICOR
HCV test kit, version 2.0 (low detection level, 50 IU/ml) (Roche Molecular
Systems), according to the manufacturer’s instructions.

Restriction fragment length polymorphism analysis of 5�UTR amplicons. Five
microliters of the amplicons was digested with restriction enzymes according to
the method of Davidson et al. (9) with slight modifications. Briefly, amplicons
were incubated separately with RsaI/HaeIII and HinfI/MvaI at 37°C for 4 h, and
restriction products were subjected to 15% polyacrylamide gel electrophoresis to
evaluate the genotype. To determine the viral subtype, amplicons were digested
with BstUI at 60°C for 1 h (genotype 1) or ScrFI at 37°C for 4 h (genotypes 2 and
3) and further subjected to 12% polyacrylamide gel electrophoresis. Results were
expressed as previously described (14).

Determination of HCV viral load. The HCV viral load was determined from a
fresh plasma aliquot by using the RT-PCR-based AMPLICOR HCV MONI-
TOR test, version 2.0 (linear range, 600 to 850,000 IU/ml) (Roche Molecular
Systems), according to the manufacturer’s instructions.

Avoidance of PCR contamination. To avoid PCR contamination, we used
separate airflow cabinets for RNA extraction and RT-PCR. In addition, individ-
ual sets of micropipettes and aerosol-resistant tips were used for each procedure.
Agarose gel electrophoresis was carried out in a separate room. We strictly
followed the recommendations of Kwok and Higuchi (19).

RESULTS

To determine HCV infection in children and infants, we
analyzed 160 samples from 48 patients. Table 1 summarizes the
features of the studied population. Anti-HCV antibodies were
considered positive with a signal-to-cutoff ratio of �3.8 in all
patients.

HCV viremia was assessed for all samples (Table 2). HCV
viremia results were positive for 23 patients, occasionally pos-
itive for 8 patients, and negative for 17 patients. In particular,
in group B, 15 patients had consecutive positive results and 3
patients had consecutive negative results for HCV viremia,
whereas 8 patients had three additional viremia patterns. The
first pattern was present in 5 of 8 patients who initially showed
positive viremia which then became undetectable in subse-
quent samples (�/� pattern). The second pattern, observed in
1 of 8 patients, showed initially undetectable viremia that be-
came positive in consecutive samples (�/� pattern). In the
third pattern, present in 2 of 8 patients, viremia fluctuated
from positive to undetectable and again to positive during the
follow-up period (intermittent pattern).

Table 3 summarizes virus genotypes found in HCV-positive
samples. The predominant genotype was 1, with subtypes a/c,
which cannot be separately detected by the method used, being
the most commonly observed subtypes. However, multiple in-
fections with different HCV genotypes or subtypes were not
observed. The same genotype and subtype were detected in

TABLE 1. Demographic, clinical, and laboratory features of
the studied population

Parameter

Value for:

Total pop-
ulation Group A Group B

No. of patients 48 22 26
Male (n) 28 14 14
Female (n) 20 8 12
No. of samples 160 22 138
Age (yr)

Range 19 mo–16 yr 7 mo–16 yr
Median 9 5

Positive anti-HCV antibodies
(no. of patients)

48 22 26

Risk factor for HCV transmission
(no. of patients)

Maternal HCV infection 1 0 1
Maternal HCV-HIV coinfection 16 6 10
Transfusion 17 5 12
Unknown 14 11 3

HIV infection (no. of patients)
Yes 4 3 1
No 44 19 25

TABLE 2. Distribution of HCV viremia patterns

Patient
group

Total no. of
patients

No. of patients with RT-PCR HCV result

� �/� �/� INTa �

A 22 8 0 0 0 14
B 26 15 5 1 2 3

Total 48 23 5 1 2 17

a INT, intermittent viremia (see text).
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consecutive samples from each patient during the follow-up
period.

It is widely recognized that maternal HCV-human immuno-
deficiency virus (HIV) coinfection facilitates vertical HCV
transmission. Among 17 perinatally infected children, 16
(94%) were born to HCV-HIV-coinfected mothers.

We also evaluated HCV viral load and both serum transam-
inase values during follow-up (Fig. 1). Despite the fact that
patients were asymptomatic during our study, the levels of
ALT and AST in serum were elevated in almost 50% of the
cases. We also detected persistent high viremia levels in con-
secutive samples of children and infants, as determined by
HCV viral load. Interestingly, we found higher levels of ALT
and AST in patients with higher viremia than in those who had
a low or undetectable HCV viral load. Among group B pa-
tients, 3 of 26 presented an undetectable viral load, although
viremia was detected by RT-PCR, but this apparent discrep-
ancy may be explained by the dissimilar sensitivities of the two
methods used.

DISCUSSION

In the present study, we retrospectively and prospectively
evaluated a cohort of 48 infants and children in Argentina who
presented with diverse risk factors for HCV infection, 22 of
whom had been referred to our laboratory only once for HCV
determination at the time of this study. As it was not possible
to obtain more than one blood sample from these patients, the
population studied was separated into two groups.

HCV viremia was evaluated in the 22 pediatric patients with
one blood sample each (group A). The evaluation of HCV

infection among these patients rendered 14 negative HCV
viremia results from 5 children born to HCV-HIV-coinfected
women, 2 cases of posttransfusional hepatitis under study, and
7 patients with sporadic anti-HCV positive antibodies (data
not shown). HCV RNA-negative samples were retested with
the more sensitive AMPLICOR assay, and reproducible re-
sults were rendered.

On the other hand, due to an exhaustive analysis of pediatric
samples obtained during follow-up, we detected diverse pat-
terns of HCV viremia in 26 patients from group B, ranging
from persistently negative through intermittent patterns to
persistently positive RT-PCR results. We confirmed fluctuat-
ing viremia in 8 patients free of treatment, as also previously
described for adults and children (6, 12, 13, 15). Group B
patients were thoroughly evaluated to determine the features
of HCV infection in children and infants in our country and its
evolution over time.

It is well documented that maternal HCV-HIV coinfection
facilitates HCV transmission from mother to child. Recently,
Yeung et al. (31) performed a meta-analysis of 8 studies on
mother-to-child HCV transmission and established a weighted
rate of vertical HCV transmission of 19.4% � 2.0% among
HCV-HIV-coinfected women. In our study, the majority of
patients who became perinatally HCV infected were born to
HCV-HIV-coinfected mothers, indicating that vertical HCV
transmission is enhanced by maternal HIV coinfection.

In the present study, vertical HCV infection in children
younger than 18 months was diagnosed by means of viremia
evaluation in consecutive samples, since maternal anti-HCV
antibodies may still be present until this age. However, it
should be kept in mind that in perinatally infected patients,
HCV RNA may be detected in serum at variable times after
infection. For example, Dal Molin et al. detected HCV RNA 1
month after birth in an infant born to an HCV-positive mother
(8), whereas Ketzinel-Gilad et al. observed positive HCV vire-
mia as early as 2 days after delivery in other patients (18).
Hence, the follow-up period proves to be crucial to reach an
accurate diagnosis, mainly for perinatal HCV infection.

The genotype 1 predominance detected in our patients was
in agreement with previous reports from our country (14, 23,
26) and from South America (21, 22, 25, 29). Surprisingly,
genotype assignment was not feasible for 4 samples, due to a

TABLE 3. Analysis of virus genotypes present in
HCV-positive samples

Patient
group

Total no. of
patients

No. of patients with HCV genotype

1 1a/c 1b Other NDa

A 8 1 2 1 0 4
B 23 1 12 6 1 3

Total 31 2 14 7 1 7

a ND, not determined.

FIG. 1. Analysis of HCV viral load (A) and serum ALT levels (B) in consecutive samples from group B patients for each group of HCV viremia
pattern. The short thick black lines represent mean HCV viral load and mean ALT values. The thin line in panel A shows the HCV RNA lower
quantitation limit (2.78 log IU/ml). Normal ALT levels were �32 IU/liter. Serum AST levels showed a pattern of correlation to HCV viremia
similar to the one illustrated for ALT.
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DNA restriction pattern with an extra restriction site, distinct
from the one described by Davidson et al. (9). Future analysis
of the HCV 5�UTR sequence will allow us to define the HCV
genotype more accurately in such samples.

A helpful approach for the detection of HCV RNA in the
population studied was the evaluation of HCV viral load,
which is recommended worldwide for monitoring HCV ther-
apy (16, 20). In this study, we used HCV viral load to evaluate
the progression of HCV replication in the host. High levels of
HCV viremia persisted in most pediatric patients during fol-
low-up, proving similar to the ones reported by other authors
for adult patients (30). These data demonstrate that HCV viral
load is unrelated to patient age. Furthermore, we detected a
higher mean HCV viral load in patients with continuously
positive viremia than in those showing other HCV viremia
patterns. Other authors have reported that HCV viral load and
liver damage are largely independent in adults (11) and chil-
dren (4). Thus, we believe that the high HCV viral load ob-
served in our patients can hardly be a predictive factor of liver
damage, as it mainly depends on the host’s ability to control
HCV replication.

The relationship between ALT and HCV viral load in adults
and pediatric patients has been widely evaluated. In the
present study, normal ALT and AST values were detected
irrespective of the HCV viral load displayed. Thus, these bio-
chemical markers of liver function fail to correlate with viral
replication (Pearson r2, 0.07882; two-tailed P value, 0.1647).
The absence of serum transaminases and viral load correlation
was also reported in other studies of pediatric (4, 5) and adult
(10) patients. However, we observed a trend to higher levels of
serum transaminases in patients with increased viral loads, but
further analysis of a larger cohort will be required for confir-
mation.

In conclusion, while chronic HCV infection in children and
infants is depicted by a high rate of viral replication, the setting
up of HCV infection may occur with fluctuating viremia. Thus,
the existence of intermittent viremia in children and infants
rules out using one blood sample as a diagnostic tool for the
assessment of HCV infection and highlights the need for pe-
riodic HCV infection monitoring in childhood.
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