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SUMMARY Eight children with symptoms of HIV infection were treated for 12-26 months
(median 14 months) with infusions of intravenous immunoglobulin (200 mg/kg) every three
weeks. Significant improvement was noted in all children in terms of weight gain, number of
infectious episodes, and days spent in hospital. This resulted in a 49% saving in cost on treatment
compared with costs accrued previously during inpatient admissions. Immunoglobulin concen-
trations, which were raised at the start of treatment were not altered, and T4 counts continued to
decline slowly. HIV core antigen was detected in four children before treatment, but all became
core antigen negative after treatment was commenced, this effect being sustained in three.
Intravenous immunoglobulin therefore has major clinical benefit, and by reducing viral activity
may delay disease progression.

HIV intection in infants and children is associated
with high morbidity and mortality,' and present
therapeutic options are limited to treatment for
specific infections,2 and to zidovudine, which has
many documented side effects and unknown long
term sequelae.3 As in adults, these infants may
present with opportunistic infections and features
suggestive of deficiencies of cellular immunity,
with reversed T4/T8 ratios.4 5 In addition, how-
ever, children commonly present with recurrent
bacterial infections,' 6 and defective humoral im-
munity has been shown.7 Although serum concen-
trations of IgG, IgA, and IgM are typically
raised,8 panhypogammaglobulinaemia has been
described.9"ll Even in the presence of hyper-
gammaglobulinaemia, which is attributed to
polyclonal B cell activation,1' patients behave as
though they were hypogammaglobulinaemic. Hence
passive immunisation in the form of intravenous
immunoglobulin has been reported to be of
benefit.3'14 The aim of this study, therefore, was to
make a fuller evaluation of the clinical effect of at
least 12 months' treatment, to document any
changes in laboratory indices of viral activity, and to
assess the financial implications of committing
children to maintenance treatment with intravenous
immunoglobulin.

Patients and methods

Eight patients with clinical and laboratory evidence
of HIV infection were identified, five of whom
have been described in a preliminary report. 1-

Clinical features at the start of intravenous immuno-
globulin treatment are summarised in table 1.
Children were treated with intravenous immuno-
globulin on the basis of a history of two or more
episodes of bacterial pneumonia, a three month
history of recurrent or chronic upper respira-
tory tract sepsis or diarrhoea, or both, or symp-
tomatic thrombocytopenia, with laboratory
confirmation of HIV infection. All were treated
every three weeks with 200 mg/kg of intravenous
immunoglobulin supplied by Scottish National
Blood Transfusion Service on a hospital day patient
basis. 1
The procedure and laboratory methods adopted

at each visit were as previously described.'7
The financial implications were calculated on the

basis that the cost of intravenous immunoglobulin
for a 15 kg child is £45 and materials, medical,
nursing, and administrative staff time is £40; this
gives a total of £85 per visit, or £1600 per year. The
cost of inpatient paediatric care in south east
Scotland is £960 per week.'8
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Table 1 Clinical data

Patient Mode of Age at Time on Stage* Clinical features
No transmission start (months) intravenous immuno-

globulin (months)

1 Vertical 9 26 P2A Recurrent upper respiratory sepsis, diarrhoea,
eczema, failure to thrive

2 Vertical 24 23 P2A Recurrent upper respiratory sepsis, recurrent
pneumonia, diarrhoea

3 Vertical 27 17 P2B Prolonged pertussis, encephalopathy, recurrent
pneumonia, diarrhoea

4 Vertical 48 17 P2D3 Recurrent pneumonia, diarrhoea, oesophageal
candida, failure to thrive

5 Blood transfusion 42 16 P2C Purpura, pneumonia, oral candida, lympho-
cytic interstitial pneumonitis

6 Vertical 26 14 P2C Upper respiratory sepsis, recurrent pneu-
monia, lymphocytic interstitial pneumonitis,
eczema

7 Vertical 36 14 P2F Purpura, night sweats, upper respiratory sepsis,
pneumonia, eczema

8 Vertical 12 12 P2F Purpura, recurrent fever, upper respiratory
tract sepsis, eczema

*Stage according to the Centers for Disease Control criteria.25

Results The total number of days spent in hospital for all
eight children in the 12 months before treatment

After 12 months on treatment subjective improve- (except for case 1 in whom only nine months from
ment in general well being was reported in all eight birth had elapsed) was 220 (range 0-60), compared
patients. Case 3 showed an initial dramatic improve- with 56 (range 0-20) in the first 12 months on
ment in his encephalopathy, as previously des- intravenous immunoglobulin (p<O 001). Assuming
cribed,19 but later deteriorated to become severely an unchanged rate of infection, the difference
handicapped before finally succumbing to a between actual and expected number of days of
pneumonic illness 17 months into treatment. The hospitalisation would be 181-6; this would result in a
other seven children remain well enough to attend saving on inpatient costs of £24 905 compared with
normal school (n=2) or nursery (n=5) regularly. treatment costs of £12 800. Thus the net saving in
Table 2 summaries clinical findings before and after costs of £1513/patient/year, or 49%, even without
treatment. The number of infections sufficiently taking into consideration the travelling costs and
severe to require hospital review was significantly time lost to the family in attending hospital.
reduced on treatment, as was recurrent diarrhoea. Symptomatic thrombocytopenia, seen in three
Improvement in weight gain was seen in the cohort patients before treatment showed no immediate
as a whole (p<0-01); the most dramatic change was improvement on this dose of intravenous immuno-
seen in those children in whom failure to thrive had globulin, and a further child developed purpura
been a presenting feature. while on treatment. Hypergammaglobulinaemia,

Table 2 Clinical outcome after treatment

Before (median) After (median) p Value

Range of weight velocity (g/month) -212 to +312 (117) 150 to 582 (300) <0-01*
Total No of serious infectious episodes 34 (3) 6 (1) <0-05*
Total No of episodes of pneumonia 13 (2) 4 (0) NS
Total months of recurrent or chronic diarrhoea 49 (9) 21 (3) <0 05*
No of patients with:
Upper respiratory tract sepsis 8 8 NS
Eczema 5 5 NS
Significant lymphadenopathy 8 6 NS
Hepatosplenomegaly 7 8 NS
Thrombocytopenic purpura 3 2 NS

*Comparison of symptoms and signs experienced by the cohort in the 12 months before and in the subsequent 12 months after treatment.
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seen in all patients before treatment, was not
appreciably changed by treatment, and T4 counts
continued to decline (mean (SD) T4 count at the
start of treatment was 1-75 (0-5)x109/l, falling to
1-10 (031)x109/l at 1 year, and 065 (045)x 10 /Il at
18 months).

All patients were HIV seropositive by enzyme
linked immunoadsorbent assay (ELISA) and virus
was isolated in culture from all eight. Four children
(cases 1, 2, 4, 8) were antigenaemic and anti-p24
core antibody negative before the start of treatment.
Changes in antigen concentration after commencing
treatment are shown in the figure, anticore antibody
concentrations changing in a reciprocal manner.
Loss of antigen was sustained in three children, but
case 4, who had much more advanced disease on
starting treatment, became antigenaemic again nine
months into treatment. Three children (cases 3, 5, 6)
have been consistently antigen negative, and in
one child (case 7) insufficient data was available
before the start of treatment, but 12 months after
treatment he is core antigen positive (>750
IU/ml).
Treatment was well tolerated in all children. One

child developed a brief encephalopathic episode,
with aphasia and confusion during one infusion,
over a year after commencing treatment. This was
attributed to hyperviscosity, and he has had further
infusions at a slower rate without incident. No other
side effects have been observed.
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Figure Sequential antigen concentrations in
the four children who were antigenaemic before treatment
with intravenous immunoglobulin expressed
as Abbott units (positive >20).

Discussion

Anecdotal evidence of the benefits of intravenous
immunoglobulin treatment after short periods of
follow up has been reported previously by a number
of groups using regimens varying from 200 mg/kg
monthly14 to 300 mg/kg every two weeks. All show
reduction in febrile episodes and number of
bacterial infections. A more detailed analysis of
clinical effect is provided by Schaad et al,20 but the
length of follow up was limited to only six months in
four of the seven children described. Oleske et al in
a larger but non-randomised study suggest that
mortality is decreased.'4 Calvelli and Rubenstein13
and Gupta et a!2' have also noted changes in T cell
and cell mediated immune function in vivo. In all
studies, however, interpretation of results is
hampered by the small numbers involved and the
lack of control data. Because of the limited treat-
ment options, and the small number of children
involved in our study, we felt an untreated control
group was not appropriate. Because we have
followed up these children prospectively from the
time of their diagnosis as being HIV positive,
however, we have reliable sequential data for a
comparable 12 month period immediately before
treatment was commenced. This enables us to use
each patient before treatment as his own control,
given that the natural history of the disease is one of
deterioration in the absence of intervention. In
addition, no previous group has documented
changes in core antigen and antibody concentrations
after treatment, nor have the financial implications
been assessed.
Our group showed a great deal of heterogeneity in

terms of age, duration, and severity of symptoms
before treatment, posing difficulties when analysing
the cohort as a whole. These were partly overcome
by using the patient as his own control, and also, for
example, by standardising growth data in terms of
velocities. The choice of our dosage regimen aiming
to provide the optimum benefit with minimum
distress for the child was based upoIn data from
treatment of primary hypogammaglobulinaemia.16
It is possible, however, that higher doses may be
required more frequently in hypergammaglobu-
linaemic patients, as the half life of immunoglobulin
is reduced at higher serum concentrations. This
issue of optimal dosage will only be resolved by
further studies of efficacy.

Disappearance of core antigen has been described
in adults after the infusion of plasma high in anti-p24
antibody and neutralising capacity has been des-
cribed previously.22 No studies of normal immuno-
globulin treatment have documented changes in
core antigen, and in view of the small numbers

4
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involved, further studies will be required to verify
these findings. The mechanism is likely to be very
different, as plasma donors are screened for HIV
infection and the intravenous immunoglobulin
preparation has no anti-HIV antibody. It has been
suggested that the production of HIV antigen is an
indicator of enhanced expression of viral genes,23
and may reflect the expression of latent virus after
activation of helper T cells. Bacterial and viral
infection increase T cell activation, and the dis-
appearance of p24 antigen after commencing
treatment may be due to the reduction of viral
activation after the decrease in infective episodes.
The continued decline in the T4 count was dis-
appointing, but the disappearance of core antigen
with intravenous immunoglobulin treatment
suggests that the progression to AIDS may be
delayed, as the loss of anti-p24 antibody and the
appearance of core antigen are recognised bad
prognostic signs.24
The clinical benefit of treatment we have shown,

together with the quality of life enjoyed by our
patients, leads us to conclude (in agreement with
Schaad's group19) that there is no case for with-
holding intravenous immunoglobulin treatment in
symptomatic children. This precludes a double blind
placebo controlled trial at this stage, although
further studies may be necessary to optimise the
dose regimen. What remains unclear, however, is at
what point in the course of disease treatment should
be commenced, given that five of our children were
in the early stages of symptomatic disease (CDC P2
A/F).25 A controlled trial will be necessary if we are
to consider treatment in asymptomatic children.
This is liable to be problematic, however, because at
present there is still no reliable diagnostic test of
HIV infection in young children. As the problem of
HIV infection in children grows over the next few
years, routine intravenous immunoglobulin treat-
ment has major implications in budgeting of hospital
inpatient and day care facilities. We have shown the
cost benefit of treatment-at least in the short and
medium term. In is unlikely, however, that intra-
venous immunoglobulin will delay progression
indefinitely, and further advances in immuno-
therapy, such as the introduction of specific anti-
HIV neutralising antibody in combination with
intravenous immunoglobulin and anti-retroviral
treatment, will be required if we are to improve the
ultimate prognosis for HIV infected children.
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Williams for his help at the initiation of the study, Dr J Peutherer
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