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Little is known about the presence and role of neutralizing

antibodies (NtAbs) in perinatal hepatitis C virus (HCV) in-

fection. Using HCV pseudoparticles, NtAbs were studied

longitudinally in 12 HCV-infected children with or without

evidence of acute hepatitis during the first year of life. Broadly

reactive NtAbs of maternal origin did not prevent vertical HCV

transmission or progression to chronicity. NtAbs against ho-

mologous genotype or subtype appeared during the chronic

phase and were more abundant and sustained in children with

acute hepatitis. Cross-reactive NtAbs were present in both

groups of children, but their appearance did not correlate with

better control of viremia or HCV clearance.

Studies on the natural history of perinatally acquired hepatitis C

virus (HCV) infection have shown that the infection becomes

chronic in 80% of the cases [1]. Chronic HCV infection in chil-

dren is associated with minimal or mild liver disease and rarely

with advanced liver damage. However, perinatal HCV infection is

characterized by a wide range of alanine aminotransferase (ALT)

levels in the first year of life, with some infants reaching values

compatible with acute hepatitis, whereas others show normal or

slightly elevated levels [2]. The mechanisms responsible for such

variability are unknown. A recent study in perinatally infected

children provided evidence that hepatitis is associated with

a mono- or oligoclonal viral population, whereas mild or no liver

damage correlated with the early emergence of a complex viral

quasispecies temporally associated with the nascent humoral

antibody response of the infant [3].

The lack of robust and reproducible HCV systems to propagate

HCV in vitro has been a major hindrance for the study of HCV

neutralizing antibodies (NtAbs). Their role in the clinical outcome

of HCV infection remains largely unknown in adults [4], and no

data are presently available in the setting of perinatal HCV in-

fection. Access to the European Pediatric HCV Network provided

us with a unique opportunity to investigate the role of NtAbs in

a cohort of children prospectively followed up from birth for up to

15 years.

Methods

Study Subjects. We studied serial serum samples obtained from

12 children (3 boys and 9 girls) with perinatally acquired HCV

infection enrolled in the European Pediatric HCV Network that

were selected to represent 2 different ALT profiles during the first

year of life [3]. The first group included 6 children with high ALT

levels (geometric mean of maximum values, 263 IU/L; range,

161–1213). The second group included 6 children with no or

minimal ALT values (geometric mean of maximum values,

58 IU/L; range, 36–72). Children were followed up for a median

of 53 months (range, 24–180), and all were positive for HCV

RNA at the last observation. None had coinfection with other

hepatitis viruses or human immunodeficiency virus (HIV). For

each patient, HCV NtAbs were measured in 1 or 2 samples before

antibody seroconversion, 1 sample at the time of seroconversion,

and then 1 sample every 6–12 months. The first available sample

for measuring HCV NtAbs was obtained at a mean age (6 stan-

dard error) of 3.156 0.7 months in 9 patients and at 11, 16, and

19 months of age in 1 patient each, although in the last patient

anti-HCV antibodies and viremia were first tested at age

9 months. The presence and levels of serum HCV RNA and anti-

HCV throughout the follow-up period have been reported else-

where [3]. Permission for this study was obtained from the Office

of Human Subjects Research of the National Institutes of Health,

granted on the condition that all samples be made anonymous.

The effect of HCV NtAbs on the titer of HCV RNA was eval-

uated by a nonparametric Spearman correlation test for correla-

tion between the presence of HCV NtAbs and viral load, as well as

by Mann–Whitney U test for correlation between the levels of

HCV RNA before and after the detection of a NtAb response
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against the homologous genotype or subtype, using Statistica data

analysis software Version 6 (StatSoft).

In Vitro Neutralization Test Using HCV Pseudoparticles.

Retroviral pseudoparticles bearing the HCV E1 and E2 glyco-

proteins (HCVpp) representative of the 6 major genotypes were

used to test NtAbs, as described elsewhere [5] (see supplementary

data).

Results

In total, 5 of the 6 major HCV genotypes and 7 genetic subtypes

were represented among the children. Maternally transmitted

NtAbs were detected in 3 of the 9 children for whom early

samples were available, 2 with acute hepatitis and 1 with mini-

mally elevated ALT values. In children with acute hepatitis, NtAbs

appeared in 4 of 6 cases between 19 and 67 months and then

persisted throughout the follow-up period (Figure 1). Interestingly,

NtAbs never developed in 1 child (patient 6) who had the most

severe and prolonged acute hepatitis (ALT peak, 1213 IU/mL), as

well as in a second child (patient 5), in whom only 2 samples were

available for testing (11 and 13 months). In children with persis-

tently normal or minimally elevated ALT levels, NtAbs were not

detected in 2 (1 withmaternal NtAbs at 9 days) and were present at

low levels and transiently in 2 and only at the latest available time

point in 1; the only exception was patient 11 who had sustained

NtAbs during the observation period from 16 to 180 months

(Figure 1). Thus, in children with no or minimal ALT elevations,

NtAbs were detected only transiently and at low levels, whereas

they were generally more abundant and sustained in those who

developed acute hepatitis. Because the test was performed with

a reference HCV strain for each homologous genotype, the

presence of strain-specific NtAbs in both groups of children could

not be ruled out. Interestingly, there was no significant correlation

between the presence of NtAbs against the homologous HCV

genotype or subtype and the levels of HCV viremia; likewise, when

we compared the levels of HCV RNA before and after the de-

tection of NtAbs against the homologous HCV genotype or

subtype, no significant effect of the NtAb response was observed

(data not shown).

Figure 1. Neutralization of homologous genotype or subtype hepatitis C virus (HCV) pseudoparticles (HCVpp) by serum samples obtained from children
with high (upper panel ) or normal to low (lower panel ) alanine aminotransferase (ALT) levels at the indicated months. Neutralizing antibodies (NtAbs)
were detected using HCVpp bearing E1 and E2 glycoproteins of the homologous genotype or subtype as indicated. The percentage of neutralization was
calculated by comparison with the mean results obtained with 3 normal anti-HCV negative human serum samples. Neutralization was defined as$50%
reduction of green fluorescent protein–positive cells; 50% neutralization is indicated by horizontal line. Replicates for neutralization test in serial serum
samples collected longitudinally from each patient were not performed because of the limited amount of available serum.
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To investigate thebreadthof activityof theNtAbs detected in the

course of perinatally acquired HCV infection, selected chronic-

phase serum samples that neutralized the homologous genotype

or subtype were tested for the presence of cross-genotype neu-

tralization using HCVpp representing the major HCV genotypes

(1a, 2a, 3a, 4a, 5a, and 6a) (Figure 2). Serum samples from 4

children with acute hepatitis and 4 children with normal or

minimally elevated ALT levels were tested. In both groups of

children, chronic-phase serum samples strongly neutralized the

HCVpp of genotypes 1a, 4a, 5a, and 6a, whereas limited neu-

tralization was documented against the HCVpp of genotype 2a

and 3a (Figure 2). It should be noted, however, that patient 9

(infected with genotype 3a) had the highest neutralization titers

against the 3a HCVpp.

Serum was available from 3 mothers who transmitted HCV

to their children (patients 1, 7, and 10). All 3 mothers had

a significant NtAb response against HCVpp of homologous

genotype or subtype. When HCVpp of heterologous geno-

types were used, serum from the mother of patient 7 (infected

with genotype 3a) strongly neutralized all HCVpp (1–6),

serum from the mother of patient 10 (infected with geno-

type 4a) neutralized all genotypes except 3a, whereas serum

from the mother of patient 1 (infected with genotype 4d)

failed to neutralize genotypes 1a, 2a and 3a (see supplementary

data).

Discussion
In this study, we investigated the role of NtAbs in children with

perinatally acquired HCV infection with or without biochemical

evidence of acute hepatitis during the first year of life, who were

followed up prospectively for up to 15 years. As documented in

chimpanzees and adults, in infants HCV starts to replicate early,

rapidly reaching high titers of viremia [3] despite the initial

presence of maternal antibodies and, subsequently, of infant

antibodies. Using HCVpp-bearing envelope glycoproteins de-

rived from the homologous genotype or subtype, we failed to

show the presence of specific NtAb responses during the acute

phase of HCV infection, in agreement with the data obtained

elsewhere in adults and in chimpanzees [5–8]. Interestingly,

maternal NtAbs were detected in 2 of 6 children who developed

acute hepatitis and in 1 of 6 who did not, providing evidence

that the initial presence of maternal antibodies does not in-

fluence the outcome of HCV infection since all children de-

veloped chronic HCV infection. Even more important, however,

was the observation that NtAbs against both homologous and

heterologous genotypes in 3 mothers for whom serum samples

were available for testing did not prevent vertical transmission of

HCV to their offspring. Thus, our data are in agreement with

a recent study performed in HCV-HIV–coinfected mothers in

whom the presence of maternal cross-reactive NtAbs did not

prevent perinatal HCV transmission [9]. Whether the strains

Figure 2. Cross-neutralization of different hepatitis C virus pseudoparticle (HCVpp) genotypes with selected serum samples, positive for neutralizing
antibodies against the homologous genotype or subtype, obtained from children with high (patients 1, 2, 3, and 4) or normal to low (patients 8, 9, 11, and
12) alanine aminotransferase (ALT) levels at indicated time points. HCVpp were from genotype 1a (H77), 2a (J6CF), 3a (S52), 4a (ED43), 5a (SA13), and
6a (HK6a). Colors of bars indicate patient genotypes. Neutralization was defined as $50% reduction of green fluorescent protein–positive cells; 50%
neutralization is indicated by horizontal line. Average infectivity of HCVpp performed in triplicates was 3.3 % (range, 3.1%–3.6%) for 1a, 1.0% (range,
0.9%–1.2%) for 2a, 5.4% (range, 4.5%–6.3%) for 3a, 1.7% (range, 1.7%–1.8%) for 4a, 1.7% (range, 1.3%–2.0%) for 5a and 1.1% (range, 1.0%–1.2%) for
6a. Three replicates were performed for each HCVpp used in the neutralization test, and the results are expressed as the average percentages of
neutralization (6 standard deviation).
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transmitted from the mother to the children represent neutral-

ization escape variants, as recently documented for the HCV

strains reinfecting the liver graft in the setting of liver trans-

plantation, remains to be established [10].

As documented in adults, in the setting of perinatal HCV

infection, NtAbs against the homologous genotype or subtype

typically appeared during the chronic phase. Of note, we found

that NtAbs were more frequently detected in children who

developed acute hepatitis (4 of 6) than in those with persis-

tently normal or slightly elevated ALT levels during the first

year of life (2 of 6), although the HCV genotype distribution

differed in the 2 groups. After their appearance, NtAbs per-

sisted throughout the follow-up period, for up to 15 years.

Strikingly, 1 child who developed an unusual acute hepatitis,

with very high and persistent ALT values (peak, 1213 IU/L)

never developed NtAbs during a follow-up period of 5 years. As

observed elsewhere in adults [5–7], our longitudinal study

confirmed that chronic HCV infection in children is associated

with the presence of cross-genotype NtAbs. Interestingly,

NtAbs appearing during the chronic phase strongly cross-

neutralized HCVpp from genotypes 1a, 4a, 5a, or 6a but

showed only a limited activity against genotypes 2a or 3a. In

adults, chronic hepatitis C is characterized by high levels of

viremia with little or no fluctuation over time even in the

presence of NtAbs [5]. A similar pattern of viremia can be

observed in children even at the time of appearance of NtAbs,

suggesting that the appearance and persistence of NtAbs did

not influence the levels of viremia (data not shown).

Our collection of samples provided us with the opportunity to

study the spectrum of activity of NtAbs in 3 mothers who

transmitted HCV to their offspring. All 3 mothers showed the

presence of broadly reactive NtAbs, but whereas a mother with

genotype 3a showed cross-reactive NtAbs against all HCV gen-

otypes (from 1a to 6a), serum from the other 2 mothers infected

with genotypes 4a or 4d showed no or very limited activity

against HCVpp 2a or 3a. Thus, the results obtained in both

adults and children suggest that genotypes 1, 4, 5, and 6 are more

closely related to one another, with a more distant serologic

relationship to genotypes 2 and 3 [5]. However, it is becoming

apparent that the neutralization susceptibility varies greatly for

HCVpp strains of the same genotype or subtype [11]. Thus, the

limited neutralization of 2a and 3a HCVpp used here might not

necessarily be representative of HCVpp of other genotype 2 and

3 strains.

A limitation of our study, as well as of several published

studies on HCV NtAbs, is that these studies were performed

using HCVpp representing the same HCV genotype or subtype

derived from prototype laboratory strains, differing from the

strains harbored by the children enrolled in the study. More

recent studies using autologous HCVpp representing the in-

fecting HCV strains demonstrated that HCV does elicit NtAbs

during the acute phase of HCV infection, but these antibodies

are strain specific [12–14], as previously documented elsewhere

in the chimpanzee model [15].

In conclusion, our data provide evidence that the presence of

broadly reactive NtAbs in the mother does not prevent vertical

HCV transmission or progression to chronicity in children with

perinatal infection. Moreover, the appearance of cross-reactive

NtAbs during the chronic phase does not correlate with better

control of viremia or with the clearance of HCV.Whether the lack

of detectable NtAbs during the acute phase of perinatal HCV

infection was due to the lack of a system able to detect strain-

specific NtAbs remains to be determined. To address this ques-

tion, NtAbs must be measured against autologous HCVpp rather

than against reference HCVpp of the homologous genotype or

subtype. However, this task is complicated by the complexity of

the HCV quasispecies, with the simultaneous circulation of dif-

ferent HCV strains within the same subject. As a consequence,

although understanding the role of strain-specific NtAbs in the

course of HCV infection may have major implications for the

development of an HCV vaccine, the study of the contribution of

these NtAbs during the acute phase of HCV infection remains

a major challenge.
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