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Abstract

Background—Despite the introduction of blood donor screening, worldwide, children continue
to become infected with HCV via un-sterile medical injections, receipt of unscreened blood and
isolated hospital contamination outbreaks. It is plausible that the natural history and disease
progression in these children might differ from that of their vertically infected counterparts.

Materials and Methods—Vertically and parenterally HCV infected children were
prospectively followed within the European Paediatric HCV Network and the UK National HCV
Register respectively. Biological profiles were compared.

Results—Vertically and parenterally HCV infected children differed in terms of some key
characteristics including the male:female ratio and the proportion of children receiving therapy.
Parenterally infected children were more likely to have at least one hepatomegaly event during
follow-up, 20% vs. 10%. Parenteral infection did not significantly affect the odds of being
consistently viraemic, AOR 1.14 p=0.703 and there was no significant difference in the odds of
having consistently elevated ALT levels and mode of acquisition, AOR 0.83 p=0.748. The
proportion of children with 2 or more markers of HCV infection did not differ significantly by
mode of acquisition, y21.13 p=0.288.

Conclusions—This analysis does not support substantial differences between vertically and
parenterally infected groups but there are specific mechanisms identified requiring further
investigation. Given the continued parenteral infection of children worldwide it is vital that
knowledge of disease progression in this group is accurate and that the differences in comparison
to vertically infected children are clarified to inform more accurate and individualised clinical
management.

Keywords

biological markers; children; hepatitis C virus; mode of acquisition

Introduction

Most available information about paediatric Hepatitis C virus (HCV) infection is derived
from a limited number of birth cohorts of vertically infected children (1-6). Parenteral
acquisition of HCV infection via contact with contaminated blood or blood products is now
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rare in many countries following the implementation of donor screening in the early 1990s.
However, worldwide, children continue to be infected in this way as a result of un-sterile
medical injections, receipt of unscreened blood and via isolated hospital contamination
outbreaks (7-11).

Information on the impact of mode of acquisition of paediatric HCV infection on biological
markers of infection is limited. It is plausible that given the infection of vertically infected
children during early immune maturation, or the possible adaptation of the immune system
of the vertically infected children following early exposure in utero, the natural history and
disease progression in parenterally infected children acquiring HCV later in childhood might
differ from that of their vertically infected counterparts. To inform the management of
parenterally HCV infected children worldwide, and in the light of continued outbreaks and
diagnoses of new cases, it is important to understand any differences between this group and
vertically infected children, upon whom the majority of paediatric HCV guidelines are
based.

Using databases from two ongoing prospective cohort studies, we compare biological
markers of HCV infection in children to clarify whether routinely collected biological data,
which may be useful in predicting future disease outcome, differs by mode of acquisition of
infection.

Materials and Methods

Children with vertically acquired HCV infection were identified from the European
Paediatric HCV Network (EPHN) and those with parenterally acquired HCV infection were
identified from the Health Protection Agency’s UK National HCV Register (2;13).
Vertically infected children were prospectively followed from birth according to a study
protocol described elsewhere with routine follow-up visits at least every six months (2).
Data on parenterally infected children were collected every two years from UK clinicians
and follow-up began after notification of the child via one of several surveillance/lookback
initiatives which often occurred some years after acquisition of infection. Full details of the
study protocol are listed elsewhere (13).

For the purposes of the present study, vertically infected children were those with a positive
HCV antibody result at or after 18 months of age and/or two consecutive positive HCV
RNA PCR test results at any age who were born to mothers with HCV infection confirmed
before or during pregnancy. Parenterally infected children were those who tested positive to
HCV antibodies with a known parenteral risk factor for infection and follow-up information
available before 18 years of age. HIV/HCV coinfected children were not included.
Clearance of viraemia was defined as two consecutive HCV RNA PCR test results following
confirmed infection. A sustained virological response (SVR) to treatment was defined by
consecutive negative HCV RNA PCR tests 6 months after the cessation of treatment (14).

The estimated date of HCV infection in the parenterally infected study population was the
date of transfusion or receipt of blood products. Fifty (40%) children were transfused
outside the UK or received multiple transfusions during childhood, and thus the date of
infection could not be accurately estimated.

Elevated ALT levels were defined as greater than 60U/L in boys and 50U/L in girls younger
than 18 months of age and 40U/L in boys and 35U/L in girls older than 18 months (15).
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Statistical analyses

Results

ALT SD z-scores were calculated for HCV infected children using LMS software (LMS
1.22, Institute of Child Health, London) and maximum penalised likelihood methods (16),
giving a measure of how far from the reference group each ALT level was, accounting from
age at measurement. Comparisons between parenterally and vertically infected children
were carried out using Chi-squared tests or Mann Whitney ranksum tests (17). Logistic
regression identified factors associated with ALT, PCR and hepatomegaly summary
variables. Statistical analyses were performed using Stata software, version 9 (Stata
Corporation, Texas, USA).

Data on 395 HCV infected children were available and included 269 vertically infected and
126 parenterally infected children. Seventy-six (60%) parenterally infected children had a
known date of infection and the median age at infection for this group was 19 months of
age. Follow-up in vertically infected children was more intensive; and the larger number of
median follow-up visits is likely a reflection of the different study protocols (2;13).

The male to female sex ratio in the vertically infected children was approximately 1:2,
reflecting the increased likelihood of vertical HCV infection in girls compared to boys while
the male to female sex ration in the parenterally infected children was approximately 2:1,
p<0.001 (Table 1) (18). HCV genotype was recorded for 115/269 (43%) vertically infected
children and 50/126 (40%) parenterally infected. No significant differences were found in
HCV genotype profiles by mode of acquisition when looking at each genotype individually
or genotype 1 in comparison to any other genotype (Table 1).

Ten vertically infected children and 39 parenterally infected children received anti-HCV
therapy during follow-up. Nine (90%) vertically infected children received IFN-alpha with
the remaining child receiving IFN-alpha with Ribavirin. Eighteen (46%) parenterally
infected children received IFN-alpha, 12 (30%) IFN-alpha with Ribavirin and nine (23%)
Pegylated IFN alpha with Ribavirin. Parenterally infected children were significantly more
likely to have received HCV treatment than vertically infected children (Table 1) and the
median age at the start of treatment was 11 years (range 1.9-17.3 years) and 5.7 years (range
2.3-11.7 years) respectively. A lower proportion of children with genotype 1 achieved a
SVR (18.2% (2/11)) than children with any other genotype (50% (4/8)) but this difference
was not statistically significant, Fisher’s exact p-value=0.319.

Parenterally HCV infected children with a known date of infection began follow-up at an
earlier age than those with no known infection date (median age at infection 10.5 yrs and 14
years respectively, p<0.001) and had a longer duration of follow-up (median number of
follow-up visits 3 and 2 respectively, p<0.001) but otherwise did not differ in terms of their
gender, HCV genotype or treatment profiles.

Clinical signs and symptoms of HCV infection

Parenterally infected children were significantly more likely than vertically infected children
to have hepatomegaly reported at least once during follow-up, 25/126 (19.8%) and 27/269
(10.0%) respectively (y?=7.215, p=0.007). Liver biopsy was carried out on a total of 27/269
(10.0%) vertically infected children and 73/126 (57.9%) parenterally infected children.
Similar proportions of vertically and parenterally infected children showed signs of chronic
hepatitis, 82% and 67% respectively (x2=1.973, p>0.10).
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HCV RNA PCR

ALT levels

Qualitative HCV RNA PCR was measured for 262 (of 269) vertically infected and 116 (of
126) parenterally infected children, of whom 250 and 68 respectively had at least two PCR
results recorded overall. A higher proportion of parenterally infected children had PCR
results which were all positive than vertically infected children, 34/68 (50.0%) and 101/250
(40.4%) respectively, but this difference did not reach statistical significance, X2:2.017,
p=0.156. Nearly 60% of both vertically and parenterally infected children were consistently
viraemic (75% or more HCV RNA PCR test results positive); 145/250 (58.0%) and 37/68
(54.4%) respectively, x 2=0.281, p=0.596. Clearance of HCV viraemia was seen in similar
proportions of vertically (30%, 74/250) and parenterally infected children (34%, 23/68), z=
-0.633, p=0.527.

Logistic regression identified factors associated with being consistently HCV viraemic in
300 children (232 vertically infected and 68 parenterally infected) who had information
available on all the variables in Table 2. The odds of being consistently HCV viraemic was
significantly associated with a 10 times increase in the odds of having consistently elevated
ALT z-scores (Table 2). Although not significantly so, being female, parenterally infected or
receiving anti-HCV therapy reduced the odds of being consistently HCV viraemic. In
contrast, ever having evidence of hepatomegaly increased the odds of being consistently
HCV viraemic but again, not significantly so.

Univariable logistic regression was carried out on the subset of 125 children with genotype
information available separately; the odds of being consistently viraemic was higher in
children with HCV genotype 1 versus any other genotype but this association just failed to
reach statistical significance (unadjusted OR=1.94 (95% CI 0.92-4.08, p=0.082).

A total of 1404 ALT observations were recorded (range 2-1213 U/I) from 218 vertically
infected and 91 parenterally infected children. At least one elevated ALT level was recorded
from 137 (62.8%) vertically infected and 53 (58.2%) parenterally infected children
(X2:0.574, p>0.10). In reference to a standard population of HCV uninfected children born
to HCV infected mothers, the mean ALT z-score for vertically infected children was 2.049
(SD 2.059) and for parenterally infected children was 1.541 (SD 1.783), t=2.949, p=0.03
(Figure 1). The mean ALT z-score in 247 children infected before 12 months of age (2.033,
SD 2.033) was also significantly higher than the mean ALT z-score in the 24 children
infected after 12 months of age (1.387 SD 1.652), t=1.887, p=0.030. Among 53 parenterally
infected children, there was no difference by age at infection in terms of mean ALT z-score;
1.64 (SD 1.37) in those infected before 12 months of age and 1.63 (SD1.66) in those
infected after 12 months of age, t=0.010, p=0.992.

Fifty-one children had consistently elevated ALT z-scores (defined as having 75% or more
ALT z-scores 2 SD or above in those children with 2 or more ALT results recorded); 43/204
(21.1%) vertically infected children and 8/39 (20.5%) parenterally infected children.
Children who had ever had evidence of hepatomegaly were over three times as likely to
have consistently elevated ALT z-scores in multivariable logistic regression and those who
were consistently HCV viraemic were over 12 times as likely to also have consistently
elevated ALT z-scores (Table 3)

In univariable logistic regression only including the 122 children with ALT z-score and
genotype information, the odds of having consistently elevated ALT levels was higher in
children with HCV genotype 1 versus other genotypes but this association just failed to
reach statistical significance (unadjusted OR 2.23, p=0.072).
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Fifteen children were consistently HCV viraemic, had consistently elevated ALT z-scores
and evidence of hepatomegaly from a total of 295 children with no missing information on
any of these variables. The proportion of children with two or more of these three markers of
infection was similar in parenterally (15/84, 17.9%) and vertically infected children and also
similar in those infected before 12 months of age and after 12 months of age (Table 4).
Similar proportions of those parenterally infected before and after 12 months of age were
found to have two or more markers of infection. Similar proportions of children receiving
anti-HCV and those receiving none had two or more markers of infection and there was no
significant difference between the number of children with genotype 1 who had two or more
markers of infection and those with any other genotype (Table 4).

Discussion

The impact of mode of acquisition on biological markers of HCV infection in the largest
comparison of vertically and parenterally infected children to date was investigated. A
significantly higher mean ALT z-score in vertically versus parenterally infected and a
significantly higher mean ALT z-score in children infected before 12 months of age,
regardless of mode of acquisition, was found. This latter association did not remain when
only parenterally infected children were investigated which may be due to small numbers
but may also indicate that the differences between groups are not completely explained by
age at infection but may be related more directly to the mode of acquisition of infection
itself.

Comparing biological markers of HCV infection in vertically and parenterally infected
children is problematic in light of the often substantial differences in populations in terms of
age at infection, age at study entry, treatment profile, likelihood of clearance of viraemia or
genotype. In the children from the cohorts studied here, four times as many parenterally than
vertically infected children received HCV treatment; this may be due to more severe disease
in parenterally infected children due to their age or mode of acquisition, as suggested by the
finding here of a higher proportion with two or more markers of disease progression.
Alternatively their older age at diagnosis may make them more eligible for treatment while
vertically infected children who were followed from birth, will have started on a regime of
clinical monitoring without treatment. Although HCV therapy is well adhered to in the
paediatric population the unpleasant side-effects and the potential impact on growth make
the decision to treat a complex one (19). There could also be bias in terms of the individual
clinic or national treatment policies, especially given the continually evolving nature of
information on paediatric HCV treatment and the ongoing debate about when to initiate
treatment (20).

This debate on when to initiate treatment is partly fuelled by knowledge that some children
spontaneously clear viraemia without treatment. In this study there was no effect of mode of
acquisition on clearance of viraemia in contrast to some previous studies (12). However,
parenterally infected children in the UK National HCV Register were not followed up from
the time of infection and possibly a large number of those who cleared viraemia did so
before diagnosis or study entry. Therefore, any estimate of clearance here and elsewhere,
likely underestimates the true proportion clearing viraemia in parenterally infected groups.
Of note, however, is the high clearance rates in parenterally infected groups reported in this
and other studies (9;21;22) which would presumably be even higher if those who cleared
viraemia prior to diagnosis could be included. It may therefore be the case that parenterally
infected children are more likely to clear the virus than vertically infected children but it is
unlikely that this can be substantiated as follow-up from infection in parenterally infected
children is rare.
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No differences were found in the HCV genotype profiles of vertically and parenterally
infected children in contrast to Jara ef a/who found genotype 1b more frequently in children
with transfusion-acquired HCV and genotype 3 more frequently in vertically infected
children from seven European countries (23). It is possible that this is due to differences in
the years at which infection occurred and may reflect changes in the genotype profile of the
HCV epidemic in Europe as suggested recently (24). A higher proportion of children with
genotypes other than type 1 achieved a SVR to therapy, as has been reported by other
paediatric studies (24). Additionally, in univariable logistic regression, children with
genotype 1 were more likely to have consistently elevated ALT levels and consistently
positive HCV RNA PCR results, although the associations did not reach statistical
significance likely due to small numbers. This finding does however support those of Harris
et alwho suggested that type 1 infections may be more aggressive than types 2 or 3 (25) and
those of a previous EPHN study which found that intrauterine vertical transmission was
more likely to occur from mothers with genotype 1 (26). As no differences in the genotype
profile of vertically and parenterally infected children were found here, it is unlikely that any
differences in biological or clinical markers of HCV infection between groups can be
attributed to the possible differences in HCV progression by genotype.

In multivariable logistic regression no association between consistently raised ALT z-scores
and mode of acquisition was found, possibly due to a lack of power, although the odds ratio
remained below one, indicating higher ALT z-scores in vertically infected children. ALT
levels have been shown to peak in the first two years of life in vertically infected children
(27-29) and to adjust for this peak and any other differences resulting from age at
measurement, ALT z-scores were used. The finding of increased ALT z-scores in vertically
infected children adjusted for age is similar to an Australian study in which significantly
higher geometric mean ALT levels in 16 vertically versus 15 parenterally infected children
in the first five years of life were found, again after accounting for the early peak in ALT
levels (12).

Significant positive associations were found between consistently high ALT z-scores and
both consistent HCV RNA viraemia and ever having evidence of hepatomegaly. There was
also a higher odds of having consistently positive HCV RNA PCRs in children ever having
evidence of hepatomegaly but not significantly so. The associations between these three
markers of HCV-related disease progression support previous studies indicating that they
may define a group of children with evidence of chronic progressive HCV or who are at
increased risk of rapid or more severe progression (2). In this analysis, similar proportions of
parenterally and vertically infected children had evidence of two or more of these markers of
infection. Similarly, no difference was found in the proportion with two or more markers
and age at infection, in either all children or just the parenterally infected group. This lack of
association with mode of or age at acquisition may have been due to combining the markers
of infection into this summary variable and also the small number (15 children) of
parenterally and vertically infected children with evidence of two or more markers of
infection.

The prevalence of comorbidities in parenterally infected children is high given the nature of
their infection during receipt of medical treatment (30) and this may have been influential in
terms of the child’s ability to mount an initial or continued immune response to HCV
infection. In contrast, vertically infected children, although acquiring infection during
immune development may benefit from persistence of maternal antibodies (12;31). These
mechanisms require specific investigation and although evidence from this analysis doesn’t
support substantial differences between vertically and parenterally infected group, until they
can be further defined it is important that the potential differences between are recognised in
a clinical setting. This study also highlights the growing need for epidemiological data on
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parenterally infected children and the difficulties in analysing such data. Recent estimates
suggest that 40% of HCV infections worldwide are acquired via unsafe medical injections
and a great number of these occur in children. It is therefore vital that knowledge of disease
progression in parenterally infected children is accurate and that the differences between
vertically and parenterally infected groups is clarified to inform more accurate and
individualised clinical management.
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Figure1l. ALT z-score over timesinceinfection in vertically and parenterally infected children.
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Key characteristics and follow-up profiles of vertically and parenterally HCV infected

children

Mode of acquisition

Vertically infected Parenterally infected Comparison
n=269 (%) n=126 (%) (x?test or Mann
Whitney)
Sex
Male 96 (38.9) 69 (63.9) x 2=18.91, p<0.001
Female 151 (61.1) 39 (36.1)
Missing 22
Median age at infection Birth 19.13 months (n=76) N/A
(range 2.1days-13.5 yrs)
Known date of infection
Yes 269 % 76 (60.3) N/A
No 0 50 (39.7)
Median age at start of follow-up ~ Birth 12.2 yrs N/A

Median number of follow-up
test dates

median duration of follow-up

HCV Genotype

aa b~ W N

Missing

Treated

No

Yes

Response to treatment

No response

Sustained virological response

Unknown

4 (range 1-25)

2.8yrs
(range 1month-17.9yrs)

55 (47.8)
18 (15.7)
31(27.0)
11(9.6)
0

154

259 (96.3)
10 (3.7)

5 (50.0)
3(30.0)
5 (20.0)

(range 12.0months-
17.9yrs)

2 (range 1-10)

2.5yrs
(range 1month-10.0yrs)

29 (58)
5 (10)
13 (26)
2(4)
1(2)
76

87 (69.0)
39 (31.0)

15 (38.5)
15 (38.5)
9(23.1)

Mann Whitney=11.74,
p<0.001

Mann Whitney=2.59,
p=0.010

X 2=4.845, p=0.304

x 2=58.57, p<0.001

x 2=1.037, p=0.595

*
All vertically HCV infected children were assumed to have been infected at birth
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Logistic regression of factors associated with being consistently HCV viraemic (n=300)

Univariablelogistic

Multivariable logistic

regression regron*

OR (95% CI) p-value AOR (95% CI) p-value
Sex
Male (n=128) 1.00 1.00
Female (n=172) 0.97 (0.61-1.55) 0912  0.88 (0.54-1.44) 0.615
Mode of acquisition
Vertical (n=232) 1.00 1.00
Parenteral (n=68) 0.89 (0.52-1.53) 0.670  1.137 (0.59-2.20) 0.703
Evidence of hepatomegaly
No (n=260) 1.00 1.00
Yes (n=40) 1.50 (0.75-3.00) 0.255  1.20 (0.55-2.65) 0.646
Ever treated
No (n=284) 1.00 1.00
Yes (n=34) 0.65 (0.32-1.32) 0.232  0.67 (0.29-1.55) 0.349
Proportion of ALT z-scores
above 2SD
Less than 75% (n=263) 1.00 1.00
75% or greater (n=37) 10.58 (3.17-35.31)  <0.001  10.28 (3.03-34.85) <0.001

*
Multivariable regression adjusting for all other factors in the table.
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Logistic regression of factors associated with having consistently elevated ALT levels

Univariablelogistic

regression
OR (95% ClI)

p-value

Multivariable logistic

regron*
AOR (95% ClI)

p-value

Sex
Male (n=87)
Female (n=118)

Mode of acquisition

Vertical (n=175)
Parenteral (n=30)

Evidence of hepatomegaly

No (n=174)
Yes (n=31)
Ever treated
No (n=187)
Yes (n=18)

Proportion of HCV RNA
PCR results positive

Less than 75% (n=82)
75% or greater (n=123)

1.00
1.34 (0.68-2.64)

1.00
1.31 (0.54-3.18)

1.00
4.33 (1.94-9.67)

1.00
1.37 (0.46-4.07)

1.00

14.15 (4.22-42.51)

0.394

0.614

<0.001

0.571

<0.001

1.00
1.43 (0.67-3.04)

1.00
0.83 (0.26-2.61)

1.00
3.07 (1.25-7.52)

1.00
1.13 (0.28-4.53)

1.00
12.69 (3.73-43.17)

0.358

0.748

0.014

0.863

<0.001

*
Multivariable logistic regression adjusting for all other variables in table.
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Table 4

Characteristics of children with two or more marker s of infection (consistently viraemic,
consistently elevated AL T z-scor es, evidence of hepatomegaly)

Number of children withtwo Comparison
or moremarkersof infection  (y2, p-value)
(%)
Mode of acquisition
Vertically infected (n=211) 45 (21.3%) x?=-0.67, p=0.504
Parenterally infected (n=84) 15 (17.9%)
Age at infection
Younger than 12 months (n=239) 52 (21.8%) x%=1.13, p=0.288
Older than 12 months (n=24) 3(14.3%)
Age at infection —only parenterally
infected
Younger than 12 months (n=28) 7 (25.0%) x?=1.30, p=0.254
Older than 12 months (n=24) 3 (10.7%)
Treated
Not treated (n=259) 51 (19.7%) X2=0-55~ p=0.458
Treated (n=36) 9 (25.0%)
Genotype
Genotype 1 (n=73) 21 (28.8%) x?=2.71, p=0.098
Any other genotype (n=75) 13 (17.3%)
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