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SUMMARY A longitudinal study of 44 haemophilic children, all in a treatment programme with
factor concentrates, was undertaken to evaluate the occurrence, characteristics, and evolution of
hepatitis B virus (HBV) infection. Twenty four children (55%) (group I) showed signs of HBV
infection, while 20 (45%) (group II) did not. Age at onset of treatment, number of infusions, and
total amount of concentrate received did not show significant differences between the two
groups. In group I only four children (16%) had symptomatic acute hepatitis. Chronic liver
disease was present in nine patients (38% of infected children). The early age of infection would
seem to be an important factor for predicting chronic evolution. Evidence of 6 infection in three
children with severe liver disease seemed to confirm the high pathogenicity of this agent. Because
of the risks associated with chronic HBV infection a careful follow up of patients positive for
hepatitis B surface antigen is mandatory.

liver disease, seroconversion (how many and after
how long), and the eventual superinfection with
agent. In short, children offer a unique group for
assessing the natural course and long term evolution
of HBV infection. Therefore, we have undertaken a
longitudinal study of 44 haemophilic children, all in
a treatment programme with commercial factor
concentrates, to evaluate the occurrence, characteristics, and evolution of HBV infection.

Key for abbreviations used in text
HBV:
Hepatitis B virus.
HBsAg:
Hepatitis B surface antigen.
HBeAg: Hepatitis B e antigen.
Anti-HBs: Antibody to HBsAg
Anti-HBc: Antibody to HBcAg.
Anti-HBe: Antibody to HBeAg.
Post-transfusion hepatitis is a well known complication of treatment with blood derivatives in patients
with coagulation disorders, -3 and hepatitis B virus
(HBV) infection, with a possible associated liver
disease, has often been investigated in such

patients.2

Patients and methods

Forty four children (36 with haemophilia A, four
with haemophilia B, and four with von Willebrand's
disease) have been followed and tested at three to
six month intervals since 1979 for hepatitis B surface
(HBsAg) and e (HBeAg) antigens and surface
(anti- HBs), core (anti-HBc) and e (anti-HBe) antibodies by radioimmunoassay using commercial kits
(Abbott, Chicago, Illinois, United States). The
children were all either on replacement therapy with
commercial factor VIII and IX concentrates of both
European and North American origin or were about
to start it at the beginning of the study. This type of
treatment is widely used by paediatric haematologists in Italy as the trend is to develop the greatest
psychological and physical independence in children
by home treatment, and factor concentrates seem
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According to previous reports>S about 90% of
haemophilic patients show signs of HBV infection
during replacement therapy, and a history of symptomatic acute hepatitis is rarely present; in a small
number there is an evolution to chronicity, with liver
disease ranging from chronic persistent hepatitis to
active cirrhosis.69 Up to now this subject has been
even
rarely studied in haemophilic children,9
though this group offers an excellent opportunity for
a thorough analysis, incJuding the amount of exposure to clotting concentrates before infection, the age
at which infection occurs, the possibility of developing
chronic hepatitis B surface antigenaemia and chronic
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more suitable than cryoprecipitates for this purpose.
In 1979, 29 children were already in care at our
centre, and since then 15 others have been added to
the follow up programme. All the children have
been followed for at least one year after starting
treatment. The mean age (range) at the time of
initial treatment was 31 months (1 month to 10 years
9 months) in the 43 children where accurate
documentation was available.
The mean age of the children at present is 9 years
7 months (range 2-5 to 19 years). A child was
considered infected when HBsAg, together with
other related signs, was found or when there was
repeated presence of HBV antibodies. The isolated
presence of anti-HBs or anti-HBc, or both, which
was not found again during further testing, was
considered the result of passive transmission by
replacement therapy. The patients were assigned to
two groups (group I and II) according to the
respective presence or absence of HBV infection
throughout the follow up. All the cases with HBsAg
were followed until the antigen disappeared or, if
the chronic carrier state developed, were kept under
observation to the present time.
All the children negative for HBV signs were
vaccinated against HBV. Along with the signs,
routine clinical examination and liver function tests
(bilirubin concentration, prothrombin time, protein
electrophoresis, and alanine aminotransferase,
aspartate aminotransferase, and alkaline phosphatase activities) were performed at regular intervals
in all the patients. Careful record of clinically
relevant events, of the age at the start of treatment,
and of amounts of concentrate given to each
patient were kept. In chronic carriers of HBsAg,
Table 1 Serological signs of hepatitis B virus infection
during follow up
Year of follow up

n

HBsAg positive
Antibodies to HBV
No HBV signs

1979

1982

1984

29
12
8
9

36
7
14

44
9
15
20

15

b antigen and antibody concentrations were
tested by a previously described solid phase
radioimmunoassay. l Moreover, when chronic HBV
infection had been present for at least five years a
determination of a fetoprotein and abdominal ultrasound examination were performed every six
months.

serum

1

Liver biopsy examinations. All the patients with
chronic liver disease and chronic HBV infection
were considered eligible for liver biopsy examination, but it was performed in only two patients,
owing to the reluctance of the other parents. The
procedure was performed under substitution therapy with commercial factor VIII concentrate, as
previously described,7 by a Menghini needle. The
specimens underwent routine histologic evaluation,
according to international criteria, 12 and one portion
was tested for b antigen by immunofluorescence.
Statistical analysis. Data were routinely analysed,
and the non-parametric Mann Whitney U test was
applied.
Results

Details about the evolution of serological signs of
HBV infection throughout the follow up are presented in Table 1. As a whole, 24 children (55%)
(group I) developed infection, while 20 (group II)
did not. The main characteristics of treatment in the
two groups are summarised in Table 2. None of the
variables examined (age at onset of treatment,
number of infusions given, and total amount of
concentrate received) showed significant differences
between children with and without infection
(p> 0-05).
HBV infection (onset and evolution). In group I the
mean age of infection with HBV was 5 years 4
months (range 2 years 3 months to 12 years 2
months). In 16 children the infection was detected
by the presence of HBsAg. In six cases it was
already present at the beginning of the study (with a
history of acute hepatitis in three patients). In six
patients the infection occurred during the first year,

Table 2 Characteristics of treatment with factor concentrate

Group 1
Group 2

Total amount of
concentrate (IU)

Age at onset
of treatment (months)

No of infusions'

n=

Range

Mean

Range

Mean (SE)

Median

Mean (SE)

Median

24
20

1-129

28
35

1-220
1-262

56 (12)
41 (14)

31
12

29711 (10112)

1-107

9875
4015

22003 (8564)

*For group 1 treatment was considered until the occurrence of HBV infection; for group 2 it was considered until anti-HBV vaccination.
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Table 3 Details of chronic hepatitis B virus in nine haemophilic children
Case No

1
2
3
4
5
6
7
8
9

Age at
infection
(years)

Duration of
HBsAg*
positivity
(years)

225

10-5

5
2-5
2
2
3
4
7-5
55

9-5
8
8
7
6
5-5
2
2

Positive or negative for

HBeAg

+

+
ND

+

Anti-HBe
+
+
ND
+
+
+
-

Antibody to
6 antigen
+
+

+
ND
-

-

-

State of
alanine
aminotransferase

T T
T T
T T

TI
T
T T
T
T T
T T

Histology

Cirrhosis

(6+)

Chronic active hepatitis

ND=not determined.
*Before 1979 techniques other than radioimmunoassay, such as micro enzyme linked immunoadsorbent assay and reverse passive haemagglutination, were used
to detect HBsAg.
tFor state of alanine aminotransferase activity, I T=persistent conspicuous rise, T=transient mild rise.

and in four others it was detected during the
remainder of the period of observation. In eight
children, antigenaemia was never detected, and only
antibodies were repeatedly found in their sera
samples. Besides the above mentioned three children, another patient developed overt acute hepatitis B during the follow up, while in the remaining 20
cases infection was not apparent. Seven children
cleared HBsAg from the serum within six months,
while the remaining nine developed a chronic carrier
state. The characteristics of this subgroup are shown
in Table 3. In seven children (cases 1-4, 6, 8, and 9)
a rather severe chronic hepatitis developed, with a
constant conspicuous rise in alanine aminotransferase values (from two up to nine times the upper
normal limit) and hypergammaglobulinaemia in
five of them (cases 1-3, 8, and 9). In the remaining
two children chronic HBV infection seemed quite
well tolerated, and the only evidence of the infection
were transient mild rises of alanine aminotransferase
activity (up to three times the upper normal limit).
At present only three children out of this group
(cases 2, 4, and 9) still show a constant presence of
HBeAg along with HBsAg. Only case 6 has seroconverted from HBsAg to anti-HBs, after six years
of chronic carriage; alanine and aspartate aminotransferase activities are at present mildly increased.
Of course, concomitant non-A non-B hepatitis
could be present and may partially account for the
above mentioned findings, but, as no serologic tests
are available at present for this diagnosis, no
definite separation of the two entities can be made.
Serological evidence of 6 infection was found in the
three children with the longest period of HBsAg
positivity and severe liver disease (cases 1-3); the
lack of the finding of 6 antigenaemia, of IgM
antibody to 8 antigen, or of a previous negative
serologic result did not permit the detection of the
moment of infection.
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Liver biopsy examination was performed in two
patients: chronic active hepatitis with initial cirrhosis was present in one case and chronic active
hepatitis in the other. In accordance with serologic
results, evidence of intrahepatic 6 antigen was
present only in case 2. Finally, in no patient was a
fetoprotein abnormal, and ultrasonographic examination gave no evidence of an intrahepatic space
occupying mass.

Discussion

Hepatitis B virus infection has often been reported as
a complication of replacement therapy in haemophilic patients.' 2 4-8 Factor concentrates, manufactured from plasma pools of multiple donors, in particular would expose patients to the risk of infection.
A large review has recently shown, however, that
the frequency of severe liver disease in
patients receiving large pooled concentrates was no
greater than in patients treated by cryoprecipitate.8
Besides, the use of factor VIII and IX concentrates,
which are easy to handle, has permitted home
infusion programmes and has resulted in a great
improvement in the quality of life of haemophiliacs. 13
As HBV infection is usually acquired during the
first years of treatment most reports about adult
haemophiliacs show a high prevalence of signs of
past infection but cannot describe the characteristics
and evolution of acute infection. Children do offer
this opportunity. Our data show a high prevalence
of HBV infection (55%) in a paediatric group of
haemophilic patients exposed early to treatment
with concentrate. Comparable data about prevalence
of infection (ranging from 44%4 to 63% 14) have
been previously described in paediatric groups; to
account for a much higher reported percentage
(85%)5 the authors themselves' suggested that this

group might have been exposed to treatment with
concentrate before the HBsAg screening of plasma
donors by sensitive tests. The higher prevalence of
detectable HBsAg (present in 36% of the patients)
in our group compared with other studies9 1o might
be the result of frequent screening done in our
children, detecting even short lived antigenaemia.
The patients described by Spero et a19 were older
(up to 21 years) and it was likely that a high
percentage had already seroconverted from HBsAg
to anti-HBs. Furthermore, this might also account
for the lower prevalence of HBsAg in haemophilic
adult patients.3 4
A peculiar feature of our group was the very high
incidence of chronic HBV infection, as nine out of 24
infected children (38%) showed this behaviour. This
high percentage seems to be halfway between the behaviour of normal children and of immunosuppressed ones, as in these two categories the rate of
chronic evolution was reported to be 9% and 69%,
respectively. 15
Multiple transfusions, with a continuous antigenic
stimulation, could possibly lead to a derangement of
the immune system and partially account for the
impaired clearance of HBsAg in these patients.
As regards the age of infected children, Spero et al
reported HBsAg chronicity in four out of seven
haemophilic children who had been exposed to
factor concentrates before 5 years of age compared
with five out of 65 patients treated after 5 years of
age.9 It was suggested then that the age of first
exposure to factor concentrates might.be an important element in the development of chronic liver
disease and of chronic HBsAg carrier state. In our
experience, however, the age of infection would
seem to be a more important factor than the age of
first exposure for predicting a chronic evolution: in
fact, seven out of the 12 children infected before 5
years developed chronic HBV infection compared
with two out of 12 patients infected after this age.
The age at first exposure per se is not important, as
all but two infected children had been first exposed
to treatment with factor concentrate before 5 years;
besides, no significant difference could be found in
the age of first exposure between children with and
without infection.
Haemophilic children seem to behave like nonhaemophilic ones, as it is known that the probability
that HBV infection will lead to the carrier state is
inversely related to the age of infection, and the risk
of an infected child becoming a carrier drops rapidly
during the first years of life.16
In our experience chronic infection seemed to be
quite well tolerated on a clinical basis, but our
partial Xesults, as well as others,$8 indicate that only
liver biopsy examination can assess the extent of

hepatic involvement, owing to the lack of reliability
of clinical and laboratory data.
Liver biopsy examination has been performed in
haemophiliacs for years,t3 as the appropriate substitution therapy makes it quite safe even in these
patients. Even though no treatment is available for
chronic hepatitis B infection up to now, it seems
nevertheless important to assess the real liver
involvement in these children to make a correct
prognosis. Besides, a proper follow up can be
started in the cases of cirrhosis, to detect complications of portal hypertension and to treat them
early in the best way.
6 agent is a hepatitis agent that is defective and
requires obligatory helper functions provided by
HBV.11 A high prevalence of 6 infection was shown
in haemophilic patients infected by HBV, and the
former agent occurred as a major cause of chronic
liver disease.'7 The three children with 6 infection
and severe liver disease we have described out of
nine with chronic infection would confirm a poor
prognosis in the presence of this coinfection; as four
other children without ongoing 6 infection showed
rather severe liver disease, however, more data, with
an accurate histologic diagnosis, are necessary to
confirm this hypothesis and to assess the respective
pathogenic roles of HBV and the 6 agent.
Finally, in our experience, as in another,' no
evidence of neoplastic transformation was found; as
the association, however, between HBV infection
and hepatoma has already been reported in the
paediatric age, 18 a careful follow up of HBsAg
positive patients is still mandatory. To prevent HBV
infection (and an eventual 6 superinfection) active
immunisation against HBV seems to be the easiest
solution at present. Besides, to reduce both hepatitis
B and non-A non-B hepatitis, treatment with
hepatitis free clotting factor concentrates19 and the
use (when possible) of volunteer donor cryoprecipitates are feasible choices.
The production of human factor VIII by recombinant DNA techniques should definitely solve the
problem in the future.20
We thank Professor M Rizzetto and Dr C Lavarini, who kindly
performed radioimmunoassays for antibody to 6 antigcn in serum
samples, and Dr M Recchia for statistical analysis.
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