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Liver and biliary

Infection with the delta agent in children
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SUMMARY Serological evidence of infection with the hepatitis B virus associated delta agent (b)
was found in 34 of 270 Italian children with HBsAg-positive liver disease. In different histological
forms of chronic HBsAg hepatitis the prevalence of 6 infection increased in parallel with the
activity of the disease and was maximal in children with cirrhosis. During two to seven years of
follow up the hepatitis deteriorated in 38% of the 34 patients with 6 infection and ameliorated
only in 9%. By contrast the disease usually ran a mild course in the 236 6-negative carriers of
HBsAg, with remission in 55% of these children and deterioration in only 7%. The outcome of
chronic hepatitis associated with 6 infection was not influenced by treatment with steroids and
azathioprine. Chronic 6 infection in children is usually accompanied by serious liver disease, that
has a tendency to progress and is unresponsive to conventional immunosuppressive treatment.

Evidence has accumulated from clinical studies in
adults that chronic infection with the hepatitis B
surface antigen (HBsAg) - associated delta agent
(6) is usually accompanied by serious liver disease.'
To establish the prevalence and pathogenic role of

6 infection in children, 270 pediatric patients with
HBsAg-positive liver disease followed during the
years 1975-1982 in Italy were examined for
serological evidence of chronic 6 infection. The
features of 8-positive children were compared with
those of 6-negative chronic type B liver disease of
infancy (1-14 years).

Methods

PATIENTS
The study included 270 children that were submitted
to liver biopsy on clinical indications of chronic liver
disease; all had been positive for serum HBsAg for
at least six months before liver biopsy.
One hundred and sixty-five patients were studied

in Genoa, 60 in Naples, 27 in Padua and 18 in Turin.
One hundred and seventy two of them were of
southem and 98 of northern Italian origin. One
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hundred and eighty two were boys, 88 girls and the
age varied from 1-14 years (mean 7-4 years). After
the initial histological diagnosis all the patients were
followed up for two to seven years (mean 3-6 years)
with periodic examinations and liver functions tests;
a second or more liver biopsies were performed
when clinically indicated.

Liver histology was interpreted according to the
criteria of De Groote.2 Chronic delta infection was
diagnosed on the finding of antibody to delta antigen
(anti-6) in serum collected at the time of the original
histological diagnosis and on persistence of this
antibody in subsequent sera collected during follow
up. One hundred and sixty patients received treat-
ment (chemotherapy) according to protocols
unrelated to the presence or absence of delta
infection. Therapy consisted of a combination of
prednisone (1 mg/kg/day) and azathioprine (1 mg/
kg/day) and was prolonged for not less than eight
months and up to three years.
At follow up, improvement of the liver disease

was usually inferred from persistent decrease or
normalisation of aminotransferase value with no
increase or with normalisation of IgG values; in a
minority of cases it was determined from
amelioration of the liver biopsy findings. Lack of
variation or deterioration of the liver disease was
usually determined on unchanged or worsened
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biopsy findings and in a minority of patients was
inferred from persistence of raised aminotransferase
value or from increase of aminotransferase value
(three-fold above the baseline established at clinical
presentation) accompanied or not by an increase in
the IgG level. Overall the follow up was based on
histology in 134 children and on assessment of liver
function test in the other 136.

ASSAYS
HBsAg, HBe antigen (HBeAg) and antibody (anti-
HBe) were measured with commercial radio-
immunoassay (Ausria, HBe Kit, Abbott
Laboratory, North Chicago, Illinois).

Anti-b was measured and titred with a blocking
radioimmunoassay previously described3 - Titres of
1:5000 or above were considered indicative of
chronic delta infection.3

Statistical analysis was performed by the X2 test.

Results

Several different forms of chronic hepatitis were
observed at histology in the initial liver biopsies
obtained from the 270 children; chronic lobular
hepatitis in three, chronic persistent hepatitis in 100,
chronic active hepatitis without cirrhosis in 158 and
cirrhosis in nine.

Anti-6 was found at titres of 1:5000 or above in
the initial serum sample of 34 of the 270 children
(12.5%) and persisted at high titres (1:5000 to 1:105)
in the blood specimens collected thereafter from
each positive patient. Twenty six of the b-positive
patients were of southern and eight of northern
Italian heritage; 27 were boys and seven were girls.
The age specific percentage of HBsAg-carrier

children with delta relative to HBsAg-carrier
children without delta is given in the Figure.
None of the 236 patients initially negative for

anti-6 developed the antibody during the follow-up.
The prevalence of anti-6 in the different forms of

chronic HBsAg-positive hepatitis is shown in Table
1. The antibody was found in none of the chronic
lobular hepatitis, in 6% of chronic persistent
hepatitis, in 15% of chronic active hepatitis without
cirrhosis and in 44% of cirrhosis. The prevalence of
anti-b in cirrhosis or in cirrhosis plus chronic active
hepatitis without cirrhosis was significantly higher
than in the other forms of chronic hepatitis.
At first examination, 181 patients were positive

for serum HBeAg (67%) and 73 were positive for
anti-HBe (27%); 16 patients were negative for both
reactivities. Ten of the 34 patients positive for anti-6
had serum HBeAg (29%) and 21 had anti-HBe
(71%); three were negative for both reactivities.
The prevalence of anti-b in children with anti-HBe

100'
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Figure Age-specific percentage ofdelta-positive (0) to
delta-negative (0) chronic HBsAg hepatitis ofchildren. A
total of270 children were examined, divided in age 1-5 (88
children), 6-10 (149 children) and 11-14 (33 children).

(21/73 = 29%) was significantly higher than in
children with HBeAg (10/181 = 5.5%) (p<0001).
The interim course of the liver disease was rated as
improved in 129 of the 236 children (55%) without
b-infection, unvaried in 91 (38.5%) and worsened in
16 (7%). It was rated as improved in three of the 34
(9%) children with b-infection, unvaried in 18
(53%) and worsened in 13 (38%) (Table 2).
The overall rate of improvement in b-negative

children was significantly higher than the improve-
ment rate in b-positive patients (p<0001); in
contrast, the rate of deterioration was significantly
higher in b-positive than in b-negative children
(p<O-OOl).
The histological follow up in children submitted to

repeat liver biopsies is shown in Table 3. In the

Table 1 Prevalence ofanti-6 in 270 children with chronic
HBsAg-positive liver disease, dividedfor histological
diagnosis

Histological diagnosis

Total CLH CPH CAH CIR

270 3 100 158 9
anti-b-positive = 34 0 6 24 4

(6%) (15%) (44%)
p<O.00l

p<O-O1
CLH = chronic lobular hepatitis, CPH = chronic persistent
hepatitis, CAH = chronic active hepatitis, CIR = cirrhosis.
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Table 2 Outcome ofchronic HBsAg liver disease in 270
childrenfollowed-upfor2-7years (mean 3*6 years),
divided in positive and negative for anti-b

No Improved Unvaried Worsened

Positive for anti-6 34 3 18 13
(9%) (53%) (38%)

p<O-OOl p<O-OOl

Negative for anti-6 236 129 91 16
(55%) (38 5%) (7%)

Table 4 Outcome ofchronic HBsAg-positive liver disease
associated with b infection in treated* and untreated
children

No Improved Unvaried Worsened

Treated 21 2 10 9
(9%) (48%) (43%)

Untreated 13 1 8 4
(8%) (61%) (31%)

* Steroids and azathioprine

b-positive group, four of the five patients with an
initial diagnosis of chronic persistent hepatitis
developed chronic active hepatitis without cirrhosis
and six of those with initial chronic active hepatitis
without cirrhosis developed a more active disease or
cirrhosis; histology did not change or ameliorated in
five of the 15 patients (33%) in this group. In the
b-negative group, seven of the 34 patients with an
initial diagnosis of chronic persistent hepatitis
developed chronic active hepatitis without cirrhosis
and five of those with initial chronic active hepatitis
without cirrhosis developed a more active disease or
cirrhosis; histology did not change or ameliorated in
107 of the 119 patients (90%) in this group.
There was no significant difference in outcome of

b-positive liver disease among treated and untreated
patients (Table 4). Of the 21 treated, the disease
remitted in 2 (9%), deteriorated in nine (43%) and
remained unvaried in 10 (48%). Of the 13
untreated, it remitted in one (8%), remained
unvaried in eight (61%) and deteriorated in four
(31%).
None of the children cleared HBsAg from serum

during the follow up and none of the 10 patients with

Table 3 Histologicalfollow-up in 15 b-positive and 119
b-negative children with chronic HBsAg positive hepatitis

Initial Final

CPH ~CPH =1
[ CPH =5 CAH=4

6-positive (15 children) CPH = 1

CAH =10 CAH+=4CAH=3
CIR =2

[CPH = 34 CPH 27

6-negative (119 children) CPH = 62

CAH 85 CAH 18
CAH=85 CAH = 2

CIR = 3

CLH = chronic lobular hepatitis, CPH = chronic persistent
hepatitis, CAH = chronic active hepatitis (+ = severe
inflammation), CIR = cirrhosis.

anti-b that were initially
seroconverted to anti-HBe.

positive for HBeAg

Discussion

The prevalence of chronic b infection in Italian
children with HBsAg-positive liver disease was
lower (12.5%) than reported in HBsAg-positive
adults from the same population (14-51%) ;4 in the
paediatric population it was also lower in younger
than older patients.

This is consonant with the demonstration that
vertical transmission of delta from mother to
newborn occurs very seldom5 and with the
hypothesis that chronic 6 infection is acquired
through superinfection of carriers of HBsAg,6 a
mechanism implying that the risk is proportional to
the duration of HBs antigenaemia and age of the
carrier.
The percentage of b infection in the different

histological forms of chronic hepatitis increased in
parallel with the activity of the disease and was
maximal in the few children with cirrhosis, confirm-
ing the association between b infection and serious
liver morbidity that has repeatedly emerged from
studies in adults.1 7 8
The different course of the HBsAg-positive

hepatitis in children with and without 6 infection
provides evidence for the direct and major role
played by 6 in the pathogenesis of HBsAg-positive
liver disease.

During the follow up, the clinical and histological
features of the liver disease deteriorated in a
consistent proportion of the children with 6
infection (38%) and improved only in a minority
of these patients (9%). The outcome was not
influenced by treatment with steroids or
azathioprine, which proved ineffective in preventing
progression of the disease. In contrast, in children
without b infection the course of hepatitis was
usually mild, with remission in a high percentage
(55%) and worsening only in a few (7%).
As previously shown in adults,' a correlation

6
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between chronic 6 infection and presence of anti-
HBe was also observed in the children. In contrast
to the prvalence of anti-HBe in the adult HBsAg
population, however, HBeAg was predominant in
our children, suggesting that segregation of the
anti-HBe characteristic with 6 infection is not by
chance but presumably linked with a biological
predisposition conferred by this state to develop
chronic 6 infection.
As anti-HBe identifies a late phase of HBV

infection that follows the early stage marked by the
presence of serum HBeAg,9 1 one can contend that
the severe liver disease observed in children with 6
depends on the longer duration of HBV infection
rather than on the pathogenic effect of the defective
virus. The course of the hepatitis, however, was
remarkably benign in the majority of our infants
with anti-HBe but without delta, and the variable
length of HBV infection before clinical presentation
is minimised in young patients.

It thus appears that superimposed 6 infection
modifies profoundly the natural history of chronic
HBsAg-positive hepatitis in infancy, converting a
usually mild disease into a severe hepatitis with
propensity to progression.

In view of the uncertain prognosis of chronic 6
hepatitis in children, recognition of this form is of
major clinical importance since it carries a consistent
risk of progressive disease.

The following have collaborated in this study: B
Ciravegna, M G Marazzi, Genova. C Sacchetti, A
Moiraghi, Torino. R Di Toro, C Del Vecchio
Blanco, M Coltorti, Napoli. P Cadrobbi, C
Crivellaro, A Berteggia, and G Realdi, Padova.
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