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Abstract Background. Serious bacterial infections are
common in children infected with the human immunodefi-
ciency virus (HIV). Studies performed before zidovudine
became standard therapy found that intravenous immune
globulin decreases the number of serious bacterial infec-
tions in these children. We designed a multicenter study to
evaluate the efficacy of intravenous immune globulin in
children with advanced HIV infection who were receiving
zidovudine.

Methods. In a double-blind trial 255 children between
3 months and 12 years of age who had the acquired immu-
nodeficiency syndrome (AIDS) or AIDS-related complex
were randomly assigned to receive either intravenous im-
mune globulin (400 mg per kilogram of body weight)
(n = 129) or placebo (0.1 percent albumin) (n = 126) ev-
ery 28 days. All children received 180 mg of zidovudine
per square meter of body-surface area orally four times
daily. Treatment assignment was stratified according to
whether the patients had a history of one or more serious
bacterial infections, had previously been treated with zido-
vudine, or were currently receiving prophylaxis with tri-
methoprim—sulfamethoxazole. The median length of fol-
low-up was 30.6 months.

Results. The estimated two-year rates of serious bac-

UMAN immunodeficiency virus (HIV) infection

of adults and children results in severe dysfunc-

tion of B cells and T cells.'* Whereas in adults oppor-
tunistic infections are the most common manifesta-
tions of HIV-related immune impairment, children
frequently have recurrent serious bacterial infections
with common encapsulated bacteria.>’ The Centers
for Disease Control and Prevention (CDC) case defi-
nition of pediatric acquired immunodeficiency syn-
drome (AIDS) includes recurrent serious bacterial in-
fections as an indicator of immunologic impairment.®
Studies have suggested that intravenous immune
globulin decreases the incidence of serious bacterial
infections, and some have noted improved survival >3
However, most of these studies in HIV-infected
children have been small and not well controlled.
In a large randomized, placebo-controlled study con-

From the University of California, San Diego, La Jolla, Calif. (S.A.S.,
W.M.D.); the Harvard School of Public Health, Boston (R.D.G., N.M.); the
University of California, San Francisco (D.W.); Mt. Sinai Hospital, New York
(A.B.); Columbia University, New York (E.A.); UCLA, Los Angeles (Y.J.B.);
Johns Hopkins University, Baltimore (R.A.L.); and the New Jersey Medical
School, Newark (E.M.C.). Address reprint requests to Dr. Spector at the Univer-
sity of California, San Diego, 9500 Gilman Dr., La Jolla, CA 92093-0672.

Supported by the Pediatric AIDS Clinical Trials Group, the National Institute
of Allergy and Infectious Diseases, the National Institute of Child Health and
Human Development, and the General Clinical Research Centers Program, Divi-
sion of Research Resources, National Institutes of Health.

*The members of the Pediatric AIDS Clinical Trials Group who participated in
this study are listed in the Appendix.

terial infections with confirmed pathogens were 16.9 per-
cent for the immune globulin group and 24.3 percent for
the placebo group (relative risk, 0.60; 95 percent confi-
dence interval, 0.35 to 1.04; P = 0.07). The treatment ef-
fect was seen primarily among the 174 children who were
not receiving trimethoprim—sulfamethoxazole prophylaxis
at entry; the estimated two-year rates of infection were
11.3 percent for the immune globulin group and 26.8 per-
cent for the placebo group (relative risk, 0.45; 95 percent
confidence interval, 0.22 to 0.91; P = 0.03). For the 81
children who were receiving trimethoprim—sulfamethoxa-
zole prophylaxis initially, the rates were 27.7 percent in the
immune globulin group and 17.7 percent in the placebo
group (relative risk, 1.26; 95 percent confidence interval,
0.44 to 3.66; P = 0.67). The two-year survival was similar
in the two groups: 79.2 percent among immune globulin
recipients and 75.4 percent among placebo recipients
(P = 0.41).

Conclusions. In children with advanced HIV disease
who are receiving zidovudine, intravenous immune globu-
lin decreases the risk of serious bacterial infections. How-
ever, this benefit is apparent only in children who are not
receiving trimethoprim—sulfamethoxazole as prophylaxis.
(N Engl J Med 1994;331:1181-7.)

ducted by the Intravenous Immune Globulin Study
Group of the National Institute of Child Health
and Human Development (NICHHD), HIV-infected
children with mild-to-moderate symptoms (CD4+
lymphocyte counts, 2200 per cubic millimeter) who
received intravenous immune globulin had signifi-
cantly fewer serious and minor bacterial infections
and were hospitalized less frequently than children
receiving placebo.'*!® There was no survival advan-
tage. In addition, the study was conducted when zido-
vudine was not fully established as standard therapy
for children with symptomatic HIV infection. Thus,
the NICHHD trial was not designed to evaluate the
efficacy of intravenous immune globulin in children
with advanced HIV infection who are receiving zido-
vudine therapy. Because children with advanced HIV
infection are at highest risk for the development of
serious bacterial infections and most often receive
zidovudine therapy, the current study was designed to
evaluate the efficacy of intravenous immune globulin
in children with AIDS and AIDS-related complex
who are being treated with zidovudine.

METHODS

Study Design and Entry Criteria

The study was a randomized, double-blind, placebo-controlled
trial designed to evaluate intravenous immune globulin in chil-
dren with advanced HIV infection who were receiving zidovudine.
It was conducted at 30 clinical centers sponsored by the National
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Institute of Allergy and Infectious Diseases Pediatric AIDS Clini-
cal Trials Group and the NICHHD.

Children between 3 months and 12 years of age identified as
having AIDS (as defined by the CDC) or AIDS-related complex (as
defined below) and laboratory-confirmed HIV infection were eligi-
ble for the study.®'® Children with lymphoid interstitial pneumoni-
tis were excluded from enrollment unless they required supplemen-
tal oxygen or corticosteroids or met other entry criteria. Children
considered to have AIDS-related complex were required to meet at
least two of three major criteria (failure to thrive, persistent or
recurrent oral candidiasis, and a CD4+ lymphocyte count below
500 per cubic millimeter) within three weeks before entry into the
study or one major criterion and one minor criterion (persistent
diarrhea, lymphadenopathy, organomegaly, cardiomyopathy, ne-
phropathy, recurrent herpes simplex or herpes zoster, and thrombo-
cytopenia) within two months before entry. Children were excluded
if they had known hypersensitivity to intravenous immune globulin,
had an acute bacterial infection requiring treatment at entry, or had
received within four weeks of entry antiretroviral therapy other
than zidovudine or immunomodulating agents (including immune
globulin), experimental drugs, or drugs known to cause prolonged

neutropenia or nephrotoxic effects. Children were also excluded if

they had any of the following within four weeks before the study
began: a total bilirubin concentration that was more than 3 times
the upper limit of normal, a serum aspartate aminotransferase con-
centration more than 10 times the upper limit of normal, an esti-
mated creatinine clearance below 50 ml per minute per 1.73 m? of
body-surface area or a serum creatinine concentration above 2 g per
deciliter, an absolute neutrophil count below 1000 per cubic milli-
meter, hematocrit below 24 percent, or a platelet count below
75,000 per cubic millimeter (except for patients with HIV-associat-
ed thrombocytopenia, for whom thrombocytopenia was not a rea-
son for exclusion).

The study patients were stratified at entry according to whether
they had a history of one or more serious bacterial infections (de-
fined as meningitis, bacteremia, pneumonia, osteomyelitis, septic
arthritis, acute mastoiditis, acute sinusitis, and abscess of an inter-
nal organ) within two years before entry; had previously received
zidovudine therapy; or were currently receiving trimethoprim—sul-
famethoxazole prophylaxis against Preumocystis carinii pneumonia.

Children could not receive any other antibiotics prophylactical-
ly except trimethoprim-sulfamethoxazole as prophylaxis against
P. carinii pneumonia, in which case the recommended dosage regi-
men was 75 mg of trimethoprim per square meter and 375 mg of
sulfamethoxazole per square meter given twice daily three times per
week (on a Monday, Tuesday, Wednesday schedule). Children
were permitted to receive trimethoprim—sulfamethoxazole prophy-
laxis on the basis of prevailing medical standards, which changed
during the course of the study. During the first study year, October
27, 1988, to October 1, 1989, only children with a history of labora-
tory-documented P. carinii pneumonia were permitted to receive
such prophylaxis. From October 1, 1989, to March 1, 1991, it was
strongly recommended that children with AIDS or CD4+ lympho-
cyte counts below 500 per cubic millimeter receive prophylaxis.
After March 1, 1991, the CDC guidelines for P. carinii pneumonia
prophylaxis were followed.!’

Treatment Protocol

The children were assigned in a double-blind fashion to receive
either 400 mg of intravenous immune globulin (Gamimune N, Cut-
ter Biological, Miles Laboratories, Berkeley, Calif.) per kilogram of
body weight every 28 days, or placebo (0.1 percent albumin without
preservatives in 10 percent maltose). All children entering the study
were treated with 180 mg of zidovudine per square meter orally
every six hours. The study protocol and informed-consent form were
approved by each center’s institutional review board. Written in-
formed consent was obtained from a parent or legal guardian of
each child. The children were seen every 28 days to receive the study
drug or placebo and to be evaluated for intercurrent infections,
medications, and hospitalizations.

Definition of Outcomes

The primary end points of the study were a reduction in the
frequency of serious bacterial infections with pathogens whose iden-
tity was confirmed and a prolongation of survival. Other study end
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points included comparative tolerance of the two regimens, a reduc-
tion in the frequency of other bacterial infections, a reduction in the
number of hospitalizations for acute care, and immunologic out-
comes as defined by changes in CD4+ lymphocyte counts. Serious
bacterial infections were classified by the study chairperson without
knowledge of the treatment assignment. Serious bacterial infections
with confirmed pathogens included meningitis, bacteremia, pneu-
monia, osteomyelitis, septic arthritis, and deep abscess. In addition,
pneumonia documented on x-ray film but for which the pathogen
was unknown and all cases of acute sinusitis regardless of whether
the pathogen was known were included as serious bacterial infec-
tions in a secondary analysis of combined confirmed-pathogen and
clinically diagnosed serious infections. All other bacterial infections,
with or without confirmation of the pathogen involved, were consid-
ered nonserious bacterial infections.

Statistical Analysis

A study sample of 250 patients was selected to ensure an 80
percent power to detect an overall decrease of 15 percentage points
in the rate of serious bacterial infections with confirmed pathogens
at two years (rates of 25 percent in the placebo group and 10 percent
in the immune globulin group) with a two-sided test and an alpha
level of 0.05. The data and safety monitoring board of the AIDS
Clinical Trials Group reviewed the study on five occasions using an
efficacy monitoring rule based on an O’Brien—Fleming use func-
tion.'®!° The study was completed as planned with 262 patients
enrolled, of whom 255 were available for analyses.

The length of time to the first serious bacterial infection with a
confirmed pathogen and all serious bacterial infections (with or
without documented pathogens) was estimated with the Kaplan—
Meier method,? and standard errors were calculated with Green-
wood’s formula.?! Two-year event rates were used to summarize
treatment results. Estimates of the relative risk of an event and 95
percent confidence intervals were calculated with Cox proportional-
hazards regression models.?> Cox models were also used to investi-
gate the role of prognostic factors and to evaluate possible interac-
tion effects.

The rates of hospitalization, serious bacterial infections, and non-
serious bacterial infections were expressed as the number of epi-
sodes per patient-year. Confidence intervals for the estimates of
relative risk were calculated with a bootstrap method to handle
multiple events in a single patient.?® For each patient slopes of log
CD4+ lymphocyte counts over time were plotted, and a Wilcoxon
statistic was used to test for treatment differences. Adjustments for
age were made with age-related normal values and blocking accord-
ing to base-line age in a two-way analysis of variance. All P values
were two-sided.

RESULTS
Study Population

The study enrolled 262 children between October
27,1988, and August 16, 1990. Two were ineligible for
the study: one did not have HIV infection, and one did
not meet the entry criteria. Five children never started
treatment and had inadequate follow-up data for anal-
ysis. Thus, a total of 255 children were available for
analyses. The mean length of follow-up was 25.5
months (median, 30.6).

The base-line characteristics of the 255 children are
shown in Table 1. The median age of the study popu-
lation was 2.5 years, and 43 percent of the children
were under 2 years of age. Fifty-six percent of the
children were boys, and 82 percent belonged to a mi-
nority racial or ethnic group. Seventy-one percent of
the patients had CD4+ lymphocyte counts above 200
per cubic millimeter.

Serious Bacterial Infections with Confirmed Pathogens

Fifty-four children had at least one serious bacte-
rial infection with a confirmed pathogen, 22 receiv-
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Table 1. Base-Line Characteristics of the Group as a Whole and According to Whether Trimethoprim—Sulfamethoxazole Prophylaxis
Was Given Initially.*

CHARACTERISTIC ALL CHILDREN ‘CHILDREN WITHOUT INITIAL TMP-SMX CHILDREN WITH INITIAL TMP-SMX

IMMUNE IMMUNE IMMUNE
TOTAL GLOBULIN PLACEBO TOTAL GLOBULIN PLACEBO TOTAL GLOBULIN PLACEBO
(N =1255) (N =129) (N = 126) (N = 174) (N = 83) (N=91) (N = 81) (N = 46) (N =35)
Age — yr
Mean 3.7 4.0 34 3.7 3.9 3.6 3.6 4.2 29
Median 2.5 33 2.0 2.5 34 2.1 2.5 3.7 1.8
Age <2 yr — no. (%) 110 (43) 48 (37) 62 (49) 74 (43) 30 (36) 44 (48) 36 (44) 18 (39) 18 (51)
Initial CD4+ lymphocyte count <200/mm> — 74 (29 3930 35 (28) 45 (26) 20 (24) 2527 29 (36) 19 (41) 10 (29)
no. (%)
Initial TMP-SMX — no. (%) 81 (32) 46 (36) 35 (28) 0 0 0 81 (100) 46 (100) 35 (100)
Zidovudine before study entry — no. (%) 65 (25) 32(25) 33 (26) 37 (21) 18 (22) 19 (21) 28 (35) 14 (30) 14 (40)
History of serious bacterial infection — 113 (44) 59 (46) 54 (43) 79 (45) 37 (45) 42 (46) 34 (42) 22 (48) 12 (34)
no. (%)
Male sex — no. (%) 64 (50) 78 (62) 101 (58) 43 (52) 58 (64) 41 (51) 21 (46) 20 (57)

142 (56)

im—sulfameth 1 Fylaxi

propiy

*TMP-SMX denotes trimethor

ing immune globulin and 32 receiving placebo. The
most common organisms identified were Streptococ-
cus pneumoniae, other streptococci, and Staphylococcus
aureus (Table 2). Gram-negative organisms were
less common and were more evenly distributed be-
tween the two treatment groups. The main difference
between the two groups was in the number of staphy-
lococcal infections. In the placebo group there were
11 staphylococcal infections (7 due to S. aureus and
4 due to coagulase-negative staphylococcus), as com-
pared with 3 in the immune globulin group (1 due to
S. aureus and 2 due to coagulase-negative staphylococ-
cus). These differences in staphylococcal infections
were not associated with the use of central venous
catheters. The two groups had similar numbers of
streptococcal infections: 14 in the immune globulin
group and 15 in the placebo group. Six children re-
ceiving both immune globulin and trimethoprim—sul-
famethoxazole prophylaxis had a serious streptococcal
infection.

The actuarial estimate of the percentage of patients
with serious bacterial infections with confirmed patho-
gens at two years was 20.6 percent
overall: 16.9 percent in the immune
globulin group and 24.3 percent in

proportional-hazards regression models to evaluate
their effect on first confirmed serious bacterial infec-
tions. On the basis of a step-down procedure includ-
ing only main effects, younger patients (those below
two years of age) and patients with low CD4+ lym-
phocyte counts (below 200 per cubic millimeter at
base line) had an increased risk of serious bacterial
infection (Table 3). No other factors reached statisti-
cal significance.

Age, initial CD4+ lymphocyte count, and the inter-
action between immune globulin use and the use of
trimethoprim—sulfamethoxazole prophylaxis at any
time (the time-varying covariate) were significant fac-
tors in a second step-down procedure allowing all one-
way interactions with treatment (Table 3). A model
that included the use of trimethoprim—sulfamethox-
azole prophylaxis at study entry also suggested an in-
teraction with the use of immune globulin (Table 3).
No other factors, including the interaction between
immune globulin use and initial CD4+ lymphocyte
count, were statistically significant. On the basis
of the suggested interaction between the use of im-

Table 2. Bacterial Isolates from First Serious Bacterial Infections with Confirmed

Pathogens.*

the placebo group (Fig. 1). The es-
timated relative risk of such an in-

CHILDREN WITHOUT CHILDREN WITH

. . . . ORGANISM ALL CHILDREN INtTiaL TMP-SMX INiTiaL TMP-SMX
fection (the ratio of the risk in the MMUNE IMMUNE IMMUNE
immune globulin group to the risk GLOBULIN PLACEBO  GLOBULIN PLACEBO GLOBULIN  PLACEBO
in the placebo group) was 0.60 (95 (e e e M e e
perccnt confidence interval’ 0.35 to Total no. of serious bacterial infec- 22% 32% 113 2603 11 (9) 6 (5)

. = . : tions with confirmed pathogens
1.04; P =0.07 by univariate log- Gram-positive bacteria 17 26 93) 2003 86 605
rank analysis). Streptococcus pneumoniae 9 11 42) 101 53) 1()
Other streptococci 5 4 2( 3 33 1(D
rs and M Staphylococcus aureus 1 78 1 5Q2) 0 2
Pr:ﬁ:fi‘:; Factors and Multivariate Coagulase-negative staphylococcus 2 4 2 2 0 2(2)
Yy Gram-negative bacteria 5 6 2 6 33 0
: : _ Haemophilus influenzae 0 2 0 2 0 0
. Treatmcnt. Vx.'l.th immune globu Entorotactoriaceae 3 5 \ > 22 0
lin, age, sex, initial CD4+ lympho- Other 2 2 19 2| 1()** 0
cyte count, a history of serious - A -
*The values in p are the bers of p who were receiving tr hoprim—sulfameth ole (TMP-SMX)

bacterial infection, prior zidovu-
dine use, use of trimethoprim—
sulfamethoxazole prophylaxis at
entry, and use of such prophylaxis

prophylaxis at the time of the event.
1There were 19 cases of bacteremia and 3 cases of pneumonia.
$There were 27 cases of b

2 cases of p

2 cases of abscess, and 1 case of septic arthritis.

§In one patient with a deep abscess, S. aureus and Clostridium perfringens were isolated.

. . . GThe was Pseud aerug
dunng fOHOW‘UP (as a tlme‘Vaerg |IThe c: was P. aerugi in one case and Kingella kingae in one case.
covariate) were assessed in Cox **The ca ganism was Acinetob lcoaceti

The New England Journal of Medicine
Downloaded from nejm.org on February 26, 2012. For personal use only. No other uses without permission.
Copyright © 1994 Massachusetts Medical Society. All rights reserved.



1184 THE NEW ENGLAND JOURNAL OF MEDICINE

mune globulin and the use of trimethoprim-sulfa-
methoxazole prophylaxis, we evaluated treatment
effects separately according to the use of trimetho-
prim—sulfamethoxazole prophylaxis at study entry.
The treatment effect was seen primarily among the
174 children who were not receiving such prophylaxis
at study entry; the estimated two-year rates of in-
fection were 11.3 percent for the immune globulin
group and 26.8 percent for the placebo group (rela-
tive risk, 0.45; 95 percent confidence interval, 0.22 to
0.91; P=0.03) (Fig. 2A). The two-year rates of
infection among the 81 children who were receiving
trimethoprim—sulfamethoxazole prophylaxis initially
were 27.7 percent in the immune globulin group and
17.7 percent in the placebo group (relative risk, 1.26;
95 percent confidence interval, 0.44 to 3.66; P = 0.67)
(Fig. 2B).

All Serious Bacterial Infections

When all serious bacterial infections were evaluat-
ed, including confirmed-pathogen and radiologically
confirmed pneumonias and sinusitis, the two-year
event rate among children randomly assigned to im-
mune globulin was 40.0 percent, as compared with
51.9 percent among children assigned to placebo
(relative risk, 0.67; 95 percent confidence interval,
0.47 to 0.95; P = 0.03, after adjustment for age and
initial CD4+ lymphocyte count). Among children
who were not receiving trimethoprim—sulfamethoxa-
zole prophylaxis at entry the two-year event rates
were 35.8 percent for those receiving immune globu-
lin and 54.3 percent for those receiving placebo (rela-
tive risk, 0.59; 95 percent confidence interval, 0.39 to
0.91; P = 0.02). Among children who were receiving
such prophylaxis at entry, the two-year rates were
48.0 percent and 45.2 percent, respectively (relative

100 1
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Immune globulin (n = 129) 22 1743
Placebo (n=126) 32 24+4

Figure 1. Kaplan—Meier Plot of the Time to a First Serious Bacte-
rial Infection with a Confirmed Pathogen among Children Receiv-
ing Intravenous Immune Globulin
or Placebo.

P = 0.07 by univariate log-rank analysis. Plus—minus values are
means +SE.
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Table 3. Multivariate Analyses of Risk Factors and Treatment for
First Serious Bacterial Infection with Confirmed Pathogens.*

RELATIVE
VARIABLE Risx 95% Cl P VALUE
Model without interaction terms
Treatment (immune globulin vs. placebo) 0.65 0.37-1.12 0.12
CD4+ lymphocyte count (<200/mm? vs. 226 1.26-4.05 0.006
=200/mm”*)
Age (<2 yr vs. 22 yr) 1.99 1.13-3.50 0.02
Model with interaction term between immune
globulin use and use of TMP-SMX pro-
phylaxis (time-varying)¥
Treatment (immune globulin vs. placebo)f 0.40 0.19-0.84 0.02
CD4+ lymphocyte count (<200/mm? vs. 222 1.23-3.99 0.008
=200/mm°)
Age (<2 yr vs. 22 yr) 2.11  1.19-3.72 0.01
TMP-SMX use at any time (yes vs. no)§ 0.39 0.17-0.87 0.02
TMP-SMX use and treatment (TMP-SMX pro- 3.51  1.09-11.30 0.04
phylaxis and immune globulin vs. other)
Model with interaction term between immune
globulin use and use of TMP-SMX pro-
phylaxis at study entry
Treatment (immune globulin vs. placebo)f 0.45 0.22-091 0.03
CD4+ lymphocyte count (<200/mm? vs. 2.20 1.21-4.00 0.01
=200/mm®)
Age (<2 yr vs. 22 yr) 2.08 1.17-3.71 0.01
TMP-SMX use at study entry (yes vs. no)§ 0.57 0.23-1.40 0.22

TMP-SMX use and treatment (TMP-SMX pro- 3.12  0.91-10.62 0.07

phylaxis and immune globulin vs. other)

*Cl denotes confidence interval, and TMP-SMX tri im-sulfameth !

+A time-varying covariate is one whose value for an individual patient may change over
time. The model estimates the instantaneous risk of serious bacterial infection according to the
current value of this covariate rather than according to its value at study entry.

$An effect of i globuli in the ab of TMP-SMX prophylaxis.

§An effect of TMP-SMX prophylaxis in the ab of i globuli

risk, 0.80; 95 percent confidence interval, 0.40 to
1.59; P = 0.53).

Nonserious Bacterial Infections

Children receiving immune globulin had fewer non-
serious bacterial infections than those receiving pla-
cebo (relative risk, 0.67; 95 percent confidence in-
terval, 0.51 to 0.84; P =0.001). The number of
nonserious bacterial infections per patient-year was
1.2 for the immune globulin group and 1.8 for the
placebo group. Among children initially receiving tri-
methoprim-sulfamethoxazole prophylaxis, the num-
ber of nonserious bacterial infections in those given
immune globulin was 1.2 per patient-year, as com-
pared with 1.6 in those given placebo (relative risk,
0.73; 95 percent confidence interval, 0.48 to 1.10;
P =0.13).

Hospitalization for Acute Care

Overall, children receiving immune globulin had a
lower rate of hospitalization than children receiving
placebo. The mean number of hospitalizations per pa-
tient-year was 0.86 for those receiving immune globu-
lin, as compared with 1.23 for those receiving placebo
(relative risk, 0.70; 95 percent confidence interval,
0.50 to 0.93; P = 0.02). Children in the immune glob-
ulin group who were not receiving trimethoprim—sul-
famethoxazole prophylaxis at entry had 0.78 hospitali-
zation per patient-year, as compared with a rate of
1.27 for similar patients in the placebo group (relative
risk, 0.61; 95 percent confidence interval, 0.41 to 0.89;
P = 0.01). Among children receiving trimethoprim—
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Figure 2. Kaplan—Meier Plots of the Time to a First Serious Bacte-
rial Infection with a Confirmed Pathogen among Children Receiv-
ing Intravenous Immune Globulin or Placebo, According to
Whether They Received Trimethoprim—Sulfamethoxazole Pro-
phylaxis Initially.
Panel A shows the results for children who did not receive trimeth-
oprim—sulfamethoxazole prophylaxis initially (P = 0.03 by Cox
analysis after adjustment for age and initial CD4+ lymphocyte
count). Panel B shows the results for children who received such
prophylaxis initially (P = 0.67 by Cox analysis after adjustment
for age and initial CD4+ lymphocyte count). Plus—minus values
are means +SE.

sulfamethoxazole at entry, there were 1.02 hospitaliza-
tions per patient-year in the immune globulin group
and 1.11 in the placebo group (relative risk, 0.90; 95
percent confidence interval, 0.50 to 1.63; P = 0.75).

Changes in CD4+ Lymphocyte Counts

The median decreases in CD4+ lymphocyte counts
were similar in the immune globulin group (1.07 per-
cent per week) and the placebo group (0.92 percent
per week; P = 0.40 by the Wilcoxon test). Analyses
adjusted for age with the use of age-related normal
values (P = 0.28) and two-way analysis of variance
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(P = 0.65) also found no statistically significant dif-
ferences in CD4+ lymphocyte counts according to
treatment.

Survival

Seventy of the 255 study patients had died by the
end of the study. The estimated overall two-year
survival was 77.3 percent — 79.2 percent in the im-
mune globulin group and 75.4 percent in the placebo
group (relative risk, 0.82; 95 percent confidence in-
terval, 0.51 to 1.62; P = 0.41). Even after adjustment
for age and initial CD4+ lymphocyte count, surviv-
al was unaffected by the use of immune globulin
(relative risk, 1.00; 95 percent confidence interval,
0.62 to 1.62; P = 1.0). The use of immune globulin
did not reduce the risk of death among children
who were initially receiving trimethoprim—sulfameth-
oxazole prophylaxis (relative risk, 1.06; 95 percent
confidence interval, 0.44 to 2.57; P = 0.90) or among
children who were not receiving such prophylaxis (rel-
ative risk, 0.88; 95 percent confidence interval, 0.48 to
1.62; P = 0.68).

Adverse Reactions

Adverse reactions associated with the infusion of
the study drug or placebo were uncommon. Thirty-
four children reported adverse effects associated with
infusion during the study, 18 receiving immune globu-
lin and 16 receiving placebo. The reactions included
fever, headache, nausea, glucosuria, rash, hyperten-
sion, neutropenia, and leukopenia. No adverse reac-
tion was more common in the immune globulin group
than in the placebo group. One child stopped taking
intravenous immune globulin because of an allergic
reaction to the infusion.

Di1scuUssION

This randomized, double-blind, placebo-controlled
study of intravenous immune globulin in children
with AIDS or AIDS-related complex who were receiv-
ing zidovudine was designed to detect a reduction in
the risk of serious bacterial infection from 25 percent
to 10 percent, a 60 percent reduction in the probability
of the event. We believed that a large effect would be
required to justify the routine use of immune globulin,
given its expense, the need for monthly intravenous
access, and our hypothesis that overall survival would
not be affected. Within the preestablished criteria for
efficacy, this study shows a moderate reduction in seri-
ous bacterial infections with confirmed pathogens
with the use of immune globulin. However, the evi-
dence also suggests an interaction between the effect
of immune globulin and the use of trimethoprim—sul-
famethoxazole prophylaxis. The benefit of immune
globulin was seen primarily in children who were not
receiving such prophylaxis. Treatment with immune
globulin did not reduce the rate of serious bacterial
infections with confirmed pathogens among children
who were receiving trimethoprim—sulfamethoxazole
prophylaxis. Immune globulin therapy decreased the
number of bacterial infections when all serious and
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nonserious infections were considered, as well as the
number and duration (data not shown) of hospitaliza-
tions in children with advanced HIV disease. In each
analysis, the effect was primarily in children who were
not receiving trimethoprim—sulfamethoxazole pro-
phylaxis.

There are several important differences between
this study and the trial of intravenous immune globu-
lin conducted by the NICHHD'*!'> that may explain
the differences in the findings. The NICHHD clinical
trial was not designed to evaluate the benefits of intra-
venous immune globulin in children receiving zidovu-
dine therapy. Thus, at the start of that study, no chil-
dren were receiving zidovudine, and fewer than half
the children received antiretroviral treatment at any
time during the study. In the present study, however,
all the children received zidovudine, and the apparent
ability of immune globulin to slow the decline in
CD4+ lymphocyte counts** was not observed. In ad-
dition, the children in the current study had more
advanced disease with lower CD4+ lymphocyte
counts than the children in the previous clinical trial.
Another important difference between the two trials
was the extent to which trimethoprim-sulfamethoxa-
zole prophylaxis for P. carinii pneumonia was used.
Only 15 percent of the children enrolled in the
NICHHD study received trimethoprim—sulfamethox-
azole at entry, as compared with 32 percent in the
current study. Furthermore, 66 percent of all partici-
pants received the drugs at some time during our
study. The extensive use of trimethoprim—sulfameth-
oxazole appeared to obscure the apparently beneficial
effects of immune globulin.

As well as being of limited benefit against bacterial
infection in our study, immune globulin offered no
significant improvement in survival. The NICHHD
trial also failed to show any improvement in survival.
Thus, neither study supports the use of intravenous
immune globulin in HIV-infected children if reduc-
tion in mortality is the primary objective.

The results of this trial should not be interpreted
as indicating that no children infected with HIV
should receive intravenous immune globulin. The
two-year event rate for serious bacterial infections
with confirmed pathogens was 20.2 percent for the
entire cohort. Thus, children with symptomatic HIV
infection remain at risk for bacterial infections de-
spite antiretroviral therapy. Risk factors for serious
bacterial infections were young age and low CD4+
lymphocyte counts; children with these factors are
at highest risk for P. carinii pneumonia and may well
be receiving trimethoprim—sulfamethoxazole prophy-
laxis. However, children with advanced HIV dis-
ease who are not receiving such prophylaxis may
benefit from treatment with immune globulin. Anti-
microbial prophylaxis with an oral antibiotic, partic-
ularly one with activity against gram-positive bac-
teria including S. pneumoniae and S. aureus, might
decrease the number of serious bacterial infections.
Further studies will be necessary to evaluate this
possibility.

Nov. 3, 1994

We are indebted to the children and parents who volunteered to
participate in this study; to Bonnie Zimmer for assistance in the
preparation of data for this manuscript; and to Dr. R. Schwartz and
Cutter Biological, Miles Laboratories, for donating the intravenous
immune globulin and placebo preparation for this study.

APPENDIX

The following members of the Pediatric AIDS Clinical Trials
Group participated in this trial: Baylor University, Houston —
W.T. Shearer, M. Doyle, C.G. Hanson, and J. Laflen; Boston City
Hospital, Boston — S.I. Pelton, E.R. Cooper, and A.M. Re-
gan; Case Western Reserve University, Cleveland — P. Toltzis,
M. Zucker, and M. Chance; Children’s Memorial Hospital, Chica-
go — R. Yogev and E. Chadwick; Cincinnati Children’s Hospital,
Cincinnati — R.C. Baker and R. Siegel; Columbia University, New
York — J. Pitt, A.A. Gershon, and N. Kanem; Emory University,
Atlanta — S.R. Nesheim, A.J. Nahmias, H.L. Keyserling, and
M.K. Sawyer; Milton S. Hershey Medical Center, Hershey, Pa. —
J. Dossett, M.E. Eyster, and L.J. Cubble; Johns Hopkins Univer-
sity, Baltimore — R. Yolken, J. Modlin, and P. Vink; Mt.
Sinai Medical Center, New York — R. Warford, S. Heaton,
D. Hodes, and H.S. Sacks; New Jersey Medical School, Newark —
G. McSherry, J. Oleske, J. Picardi, and N. Colabelli; New York
Medical College, Valhalla — A. Gupta; New York University, New
York — W. Borkowsky, S. Chandwani, M. Rigaud, and A. Kaul;
Ohio State University, Columbus — M.T. Brady, ]J.A. Hunkler,
and L.B. Crim; Schneider Children’s Hospital, New Hyde Park,
N.Y. — V.R. Bonagura and D.J. Valacer; St. Luke’s—Roosevelt
Hospital, New York — S. Bakshi, M.H. Grieco, J. Rivers, and
G. McKinley; State University of New York, Brooklyn — S. Fikrig;
Tulane University, New Orleans — R.B. Van Dyke and T. Alche-
diak; UCLA, Los Angeles — A. Deveikis, V. Wong, and J. Church;
University of California, San Francisco — A. Dorenbaum, A. Pe-
tru, and D. Trebithick; University of Illinois, Chicago — K. Rich;
University of Massachusetts, Worcester — S. Cheeseman, J.L. Sul-
livan, and K. Luzuriaga; University of Minnesota, Minneapolis —
C.R. Jones, B.K. Goodroad, and H.H. Balfour, Jr.; University of
Puerto Rico, San Juan — C. Diaz, L. Lugo, L. Flores, and
C. Rivera; University of Washington, Seattle — S.K. Burchett,
K. Mohan, I. Foster, and L. Corey; and Washington University, St.
Louis — G. Storch, L. Breuklander, and M. Royal.
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