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The objective of this study was to define the
demographic, immunologic, and clinical charac-
teristics of children with acquired immunodefi-
ciency syndrome (AIDS) and AIDS nephropathy,
and contrast this with the existing adult data.
Data from 62 pediatric patients with AIDS who
were treated at SUNY Health Science Center,
Brooklyn, New York, between 1983 and 1993
were analyzed. Human immunodeficiency virus
(HIV) infection was acquired during the neonatal
period by vertical transmission (n=60) or blood
transfusion (n=2). All children with AIDS who
exhibited clinical nephropathy died (n=16), with
mean survival of 55.3 months. In contrast, 32 of
56 AIDS patients (70%) who did not manifest
nephropathy were alive at the end of the study
period. Patients with nephropathy were noted to
have significantly lower CD4+ lymphocyte
counts than those without nephropathy.
These observations suggest that the predomi-
nant renal lesion in pediatric patients who
acquired HIV infection during the perinatal
period is focal segmental glomerulosclerosis,
although a variety of other histological lesions
were present. As in adults, the survival in chil-
dren is dismal following the onset of clinical
renal disease. In contrast to the adult popula-
tion in whom multiple risk factors can poten-
tially contribute to AIDS-associated nephropa-
thy, occurrence of nephropathy in children with
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vertical HIV transmission provides convincing
evidence for the pathogenetic role of HIV infec-
tion. (J Nat! Med Assoc. 1996;88:493-498.)
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Recent reports indicate a high incidence of various
renal disorders in adults with acquired immunodefi-
ciency syndrome (AIDS).'-3 However, the available
data on AIDS nephropathy in the pediatric population
are limited. Reported renal abnormalities in adults
include hematuria, leukocyturia, electrolyte derange-
ments, decreased renal excretory function, and frank
acute renal failure.4 The most significant renal disorder
in AIDS is AIDS nephropathy, which in adults is most
frequently due to focal segmental glomerulosclerosis
and characterized by heavy proteinuria (>3.5 g/day)
and rapid deterioration in renal function. The reported
incidence of nephropathy in adult AIDS patients ranges
from 2% to 10%.5 Despite numerous published studies,
the pathogenesis of this disease remains obscure. Due
to the high prevalence of intercurrent conditions capa-
ble of causing glomerular disease in adults with AIDS
(eg, intravenous drug abuse, hepatitis B infection, etc),
it has been difficult to discern the direct role of HIV
infection in the pathogenesis of AIDS nephropathy.
This study was undertaken to define the demographic,
immunologic, and clinical characteristics of children
with AIDS and AIDS nephropathy, and contrast this
with the existing adult data

MATERIALS AND METHODS
Patients

The patient population was comprised of 72 consec-
utive children with AIDS who were treated at the
SUNY Health Science Center, Brooklyn, New York
between 1983 and 1993. Ten patients were lost to fol-
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low-up and were excluded from the study. The remain-
ing 62 patients were comprised of 35 males and 27
females. Data from patients exhibiting AIDS without
clinical evidence of nephropathy (group 1) were com-
pared with those exhibiting nephropathy (group 2).

The diagnosis of AIDS was based on the criteria
established by the Centers for Disease Control (CDC).6'7
In all cases, antibodies to human immunodeficiency
virus (HIV) were present by enzyme-linked immunosor-
bent assay (ELISA) and confirmed by Western blot
analysis. Urinalysis, hemogram, serum electrolytes,
complement levels, antinuclear antibodies, anti-DNA
antibody determination, and immunoglobulin levels were
measured in all patients using standard laboratory tech-
niques. T-cell subset studies were performed periodically
in all patients using fluorescein-conjugated monoclonal
antibodies in a fluorescence-activated cell sorter. Patients
with an abnormal urinalysis, or elevated serum urea
nitrogen or creatinine concentrations and patients with
acid-base or other electrolyte disturbances were consid-
ered to have AIDs nephropathy and were referred to the
pediatric nephrology service for further evaluation.

Presence of renal disease was investigated by micro-
scopic examination of urinary sediment and 24-hour
urine collection to measure protein excretion and crea-
tinine clearance. Nephrosis was defined as persistent
proteinuria >40 mg/m2/hour, hypoalbuminemia
(serum albumin concentration <2.5 g/dL), and pres-
ence of clinical edema. Renal failure was defined as a
creatinine clearance <10 mL/minute/m2. Serum urea
nitrogen, creatinine, total protein, and albumin concen-
trations were measured using standard laboratory tech-
niques.

In 11 patients, renal tissue was obtained by percuta-
neous renal biopsy under sonographic localization.
Specimens were obtained at autopsy in two patients.
The patient's poor clinical condition or parent's refusal
to give informed consent precluded biopsy in the
remaining patients. The renal tissue samples were
fixed, cut, and stained using standard laboratory tech-
niques and examined by light, immunofluorescent, and
electron microscopy.

Nephrosis was treated according to the protocol set
forth by the International Society of Kidney Diseases
in Children.8 Accordingly, patients received prednisone
60 mg/M2 (maximum: 80 mg) daily for 4 weeks, fol-
lowed by 40 mg/M2 every other day. Remission was
defined as the absence of proteinuria by dipstick on 3
consecutive days. Partial remission was defined as pro-
teinuria between 4 and 40 mg/m2/hour, and absence of
edema. In addition to oral steroid therapy, three

patients with focal segmental glomerulosclerosis were
treated with cyclosporine.9 Two patients received
zidovudine in an attempt to decrease morbidity.
Patients who developed end-stage renal disease were
treated with peritoneal dialysis.

Data Analysis
Data were evaluated using life table analysis and

two-tailed Students' t-test, as appropriate, and present-
ed as mean±standard error of the mean (SEM). P val-
ues <.05 were considered significant.

RESULTS
Demographic and Survival Data

Group 1. This group consisted of 46 patients without
clinical AIDS nephropathy. All patients in this group had
vertical transmission of HIV. There were 27 males
(58%) and 19 females (42%). Twenty-three were black
(50%), 13 Haitian (29%), and 10 Hispanic (21%).
Twenty-six mothers admitted to intravenous drug use; in
the remaining cases, HIV infection was assumed to have
been contracted sexually. Thirty-two patients (70%)
were alive at the end of the study period. The mean sur-
vival of the 14 children who died in this group was
76±+6.5 months. Causes of death in these patients
included bacterial sepsis, pneumonia, and severe failure
to thrive. Opportunistic infections with cytomegalovirus
were noted in 4 chidren and oral thrush in 10 children.
Three patients were HBsAg positive.

Group 2. This group consisted of 16 patients with
clinical AIDS nephropathy. All children were infected
transplacentally except for two who contracted HIV
infection via blood transfusion during the neonatal peri-
od. The group consisted of eight males (50%) and eight
females (50%). Six patients were black (37%), eight
Haitian (50%), and two Hispanic (13%). Ten of the 14
infected mothers admitted intravenous drug use, and the
remainder were considered to have contracted the infec-
tion through sexual transmission. The age of patients at
the time of diagnosis of AIDS-associated nephropathy
was 45±2 months. Mean survival in this group was
55±7.6 months, which was significantly less than that
in group 1 (P<.0002) (Figure).

Immunological Data
Mean absolute CD4+ lymphocyte counts were

1142±138 in group 1 and 338+±37 in group 2 (P<.05).
Notably, 11 patients in group 1 exhibited a marked
decline in absolute CD4+ helper T-lymphocyte counts
from 854±48 prior to the onset of nephropathy to
173 + 35 cells/mm3 (P<.003) after the onset of
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nephropathy. Differences in CD8+ lymphocyte counts
and serum immunoglobulin levels (IgA, IgM, and IgG)
between the two groups were not significant. Serum
complement concentrations (C3, C4, and CH50), and
ANA and anti-double-stranded DNA titers were within
normal limits in all cases (both groups), and differences
between the groups were not statistically significant.

Clinical Features of Nephropathy
Fifteen patients presented with nephrotic-range pro-

teinuria, one had mild proteinuria, one had renal tubu-
lar acidosis, and two exhibited hematuria along with
proteinuria. Thirteen patients treated with prednisone
failed to demonstrate improvement in proteinuria or
creatinine clearance. Three patients with focal segmen-
tal glomerulosclerosis who were treated with cyclo-
sporine for 12 weeks exhibited a partial remission and
disappearance of clinical edema but relapsed and
developed nephrotic syndrome following withdrawal
of treatment. The mean survival after the diagnosis of
renal disease was 9.5 months.

In the four patients who progressed to end-stage
renal disease, the time from onset of nephrotic syn-
drome to end-stage renal disease was 6 months (range:
4 to 8 months). Three of these patients received inter-
mittent peritoneal dialysis for a mean of 3.7 months
(range: 2 to 6 months).

Opportunistic infections in this group included
cytomegalovirus in six, tuberculosis in one,
Pneumocystis carinii in two, herpes simplex in two,
and recurrent oral thrush in nine. Six children had
extreme malnutrition and failure to thrive secondary to
intractable diarrhea. Causes of death in this group
included encephalopathy in 6 cases, and pneumonia,
bacterial sepsis, and extreme malnutrition in 10.

Histology
Renal biopsy specimens were available in 13

patients. Renal histology revealed focal segmental
glomerulosclerosis in six cases, mesangial hypercellu-
larity in five, tubular dysplasia in one, and minimal
change glomerulopathy in one case. Tubulointerstitial
lesions consisted of dilation, atrophy, fibrosis, and
inflammation in six specimens.

Immunofluorescence revealed glomerular deposits
of 1gM in 10, IgG in 7, IgE in 5, and IgA in 3 speci-
mens. Electron microscopy performed on nine speci-
mens revealed subendothelial, subepithelial, or
intramembranous electrodense deposits in seven of
nine specimens and tubuloreticular inclusions in nine
specimens examined (Table).
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Figure. Kaplan-Meier life table analysis of
survival for AIDS patients with (group 2) and
without (group 1) clinical AIDS nephropathy.

DISCUSSION
Acquired immunodeficiency syndrome nephropathy

is a well-known complication of AIDS in adults.
However, data on AIDS nephropathy in the pediatric
population are limited. The reported incidence of
nephropathy in adults with AIDS ranges from 2% to
10%5 depending on the geographic location of the
reporting center and demographic characteristics of the
study population, particularly the proportion of white
versus black patients, intravenous drug users versus
homosexuals, etc.5"10-12
We found a significant incidence of nephropathy in

our group of children with AIDS. Based on our observa-
tions, the incidence of AIDS nephropathy in the pedi-
atric population appears to approximate that of the adult
population. Furthermore, in contrast to the adult popula-
tion in which AIDS nephropathy is predominantly seen
in men, in children, both sexes were affected equally.

The mean survival in AIDS patients with nephropa-
thy was significantly lower than that seen in children
without AIDS nephropathy. It is noteworthy that 100%
of children with AIDS nephropathy but only 30% of
those without AIDS nephropathy died during the study
period. Interestingly, the incidence of end-stage renal
disease in our pediatric population with AIDS
nephropathy was lower than that reported in the adult
population. Only 22% of our patients with AIDS
nephropathy developed end-stage renal disease prior to
demise compared with the reported incidence of 80% in
adults with AIDS nephropathy.'3 Twelve remaining
patients died secondary to infection with normal renal
function, as previously indicated.
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TABLE. DATA DEPICTING RISK FACTORS, HISTOLOGY, AND OUTCOME OF
PEDIATRIC PATIENTS WITH AIDS NEPHROPATHY

Patient Mother Nephrotic ESRDat
No. IVDA Transmission Syndrome Histology Death
1 + Vertical + No biopsy
2 - Vertical + FSGS +
3 + Vertical + FSGS +
4 - Vertical + Mes hyperplasia
5 - Transfusion + FSGS +
6 + Vertical + Mes hyperplasia +
7 - Transfusion + Mes hypeplasia
8 + Vertical + Tubular dysplasia .
9 + Vertical + No biopsy
10 + Vertical + FSGS
11 + Vertical + FSGS
12 + Vertical + Minimal change
13 + Vertical + Mes hyperplasia
14 + Vertical + FSGS
15 + Vertical Mild proteinuria No biopsy
16 - Vertical + Mes hyperplasia

Abbreviations: AIDS=acquired immunodeficiency syndrome, IVDA=intravenous drug abuser, ESRD=end-stage
renal disease, FSGS=focal segmental glomerulosclerosis, and Mes=mesangial hyperplasia.

The mean survival times after the onset of renal dis-
ease and following onset of end-stage renal disease in this
series were 9 and 6 months, respectively, consistent with
the reported experience with adult AIDS nephropathy.
Thus, as in adults, the onset of nephropathy in children
with AIDS denotes a particularly poor prognosis.'4'15

In this series, all children with AIDS exhibited non-
specific hypergammaglobulinemia (IgA, IgM, and IgE)
irrespective of the presence of AIDS nephropathy.
Similar observations have been noted in the adult pop-
ulation.'6 The role, if any, of hypergammaglobulinemia
in the genesis of nephropathy remains obscure. All
children in both groups had normal complement con-
centrations, and ANA and anti-double-stranded DNA
titers.

As expected, all of our patients exhibited reversal of
the normal T4:T8 lymphocyte ratio, with a decrease in
the absolute levels of circulating CD4+ lymphocytes.
Interestingly, the absolute CD4+ cell count showed a
more precipitous decline in the AIDS nephropathy
group. The reason for the accelerated decline in the
CD4+ cell count with AIDS nephropathy is not clear
and may be related to the effects of the associated bio-
chemical abnormalities and greater incidence of morbid
complications. The association of the precipitous
decline in CD4+ lymphocytes and the shortened sur-
vival in AIDS nephropathy group is of interest and may
be causally related.

As in adults, focal segmental glomerulosclerosis was
by far the most common histologic lesion present on

renal biopsy. Our study population consisted of 90%
American and Haitian blacks. It is of interest that the
incidence of idiopathic focal segmental glomeruloscle-
rosis is higher among the black population, due pre-
sumably to a genetic predisposition to this lesion.17,18
Other findings in our study group included mesangial
hyperplasia, minimal change glomerulopathy, and tubu-
lar and interstitial abnormalities, which were consistent
with previously published reports in children as well as
adults. Similarly, several reports have described other
types of immune complex renal diseases in adult
patients with AIDS. 19'20

It is noteworthy that three of the four children with
end-stage renal disease had focal segmental glomeru-
losclerosis. A previous large study in AIDS children
also reported a similar outcome in their population
with focal segmental glomerulosclerosis.20 The pro-
gressive nature of this lesion in children with AIDS is
consistent with previous observations reported in the
adult population, although the rate of progression in
children appears to be slower than that in adults. A pro-
gressive form of focal segmental glomerulosclerosis
has been shown to occur among intravenous drug
abusers.21'22 For this reason, intravenous drug use has
been implicated in the pathogenesis ofAIDS nephropa-
thy. Although a substantial number of the mothers of
the children included in our study admitted to intra-
venous drug abuse, the renal lesions observed in the
children are unlikely to be due to intravenous drugs
used by their mothers. This is because no instances of
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glomerulopathy have been reported in the children of
substance-abusing mothers. Second, the glomerulopa-
thy seen in intravenous drug users without HIV infec-
tion progresses more slowly and usually is associated
with hypertension, while AIDS nephropathy is charac-
terized by rapid deterioration in renal function without
significant hypertension. Moreover, similar lesions
were found in children of mothers with HIV infection
and no evidence of intravenous drug abuse. Therefore,
the demonstrated occurrence of focal segmental
glomerulosclerosis in children with AIDS supports the
role of HIV infection in the pathogenesis of this renal
lesion.

The mechanism by which HIV infection may cause
glomerular injury is speculative. However, it may be
due to the effect of HIV on tubular and glomerular
cells, leading to abnormalities in cell growth and
matrix protein turnover. Alternatively, HIV infection
may contribute to glomerular injury by promoting the
formation and deposition of immune complexes at the
local and systemic levels. Finally, HIV infection some-
how may help to unleash an otherwise subdued genet-
ic predisposition for such glomerular lesions as indi-
cated by the predominance of AIDS nephropathy in
blacks.23 With regard to the former possibilities, HIV
has been demonstrated in glomerular epithelial and
mesangial cells.24'25 Thus, HIV potentially can alter
glomerular function and structure by direct invasion or
through remote effects.
When compared with the recent experience of Smith

et a126 in adult patients, 13 children in our series treated
with steroids did not respond with reduction in protein-
uria. Four patients who progressed to end-stage renal
disease also were treated with prednisone without suc-
cess, consistent with previous experience.20'27 Early use
of zidovudine has been reported to delay development
of end-stage renal disease and reduce proteinuria.28
Only two patients with end-stage renal disease in our
series received zidovudine. The limited nature of the
experience and lack of proper control in this case pre-
clude a meaningful conclusion.

Three patients in our series with focal segmental
glomerulosclerosis were treated with cyclosporine A,
which led to a partial remission. Treatment in these
three cases was discontinued after 3, 6, and 12 months
to avoid compounding the underlying immunodeficien-
cy. Discontinuation of cyclosporine A therapy was
associated with complete relapse of nephrotic syn-
drome and progression to renal failure. The possible
usefulness of cyclosporine in this condition merits
future controlled studies.

SUMMARY
This study highlights the various demographic, his-

tologic, and immunologic characteristics of children
with AIDS and a subset of this population who develop
AIDS nephropathy. Notably, vertical transmission of
HIV infection and the absence of other multiple risk
factors in children points to a direct role of this virus in
the genesis of renal disease. However, the mechanism
by which the virus induces nephropathy remains
unclear. As for treatment, pediatric AIDS nephropathy
seems to be resistant to conventional therapies. Further
controlled studies on the prompt use of zidovudine and
cyclosporine A therapy are needed.
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