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Abstract Post-streptococcal glomerulonephritis (PSGN) is
the commonest cause of severe acute glomerulonephritis in
New Zealand children, with the majority (85%) of the patients
being of either Pacific Island or Maori ethnicity. We have
performed a retrospective study on 27 pediatric patients with
acute PSGN. Of these patients, those with crescentic
glomerulonephritis (n=11) had a greater tendency (72.7%)
for needing acute dialysis and were left with persistent
urinary sediment abnormalities after a mean follow-up of
3.2 years (95% confidence interval 2.1–4.3). The efficacy of
immunosuppression in the group with crescentic disease was
uncertain. The severity of renal histopathological abnormal-
ities as judged by the total biopsy score did not correlate with
either presentation or eventual outcome. Severe childhood
acute post-streptococcal glomerulonephritis, although un-
common, results in significant long-term renal morbidity,
particularly among Maori and Pacific Island children.
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Introduction

Over the past 30 years, there has been a progressive
decline in the incidence of acute post-streptococcal

glomerulonephritis (APSGN) in developed countries
[1–5]; however, among New Zealand children, APSGN is
the commonest cause of acute glomerulonephritis. In a
recent unpublished study undertaken between January 2006
to April 2007, 111 cases were identified in two children’s
inpatient facilities in Auckland, New Zealand, resulting in a
mean annual admission rate of 30–62 per 100,000 children
under the age of 14 years between these two centers. These
two pediatric inpatient facilities serve a total population of
just over 1.2 million where the local population comprises
61.5% Europeans, 11% Maori, 13.2% Pacific Island people
and 10% Asians.

The severity of APSGN varies from subclinical disease
[6, 7] to rapidly progressive glomerulonephritis (RPGN)
needing acute dialysis [8–10]. In most pediatric studies of
crescentic glomerulonephritis (CGN) or RPGN, post-
infectious or post-streptococcal disease constitute a small
proportion of cases. In one of the largest pediatric series
of CGN, the South West Pediatric Nephrology Study
Group reported 50 children with CGN, of whom only six
were due to APSGN [8]. In another series of CGN by
Jardim [9], only two of 30 children had APSGN as the
primary diagnosis. In these two series vasculitides due to
Henoch–Schönlein purpura or systemic lupus erythemato-
sus were collectively the most common cause of CGN. In
contrast, our own experience has been very different, with
APSGN being the leading cause of crescentic or rapidly
progressively glomerulonephritis.

We report here a retrospective study of children who
had been referred to our institution on the basis of a
renal biopsy between 1995 and 2007 for investigation
and management of APSGN. This report describes the
management and outcome of APSGN in these patients
for up to 8 years after initial diagnosis.
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Patients and methods

All children had been diagnosed with APSGN on the
basis of renal biopsy were identified from a database at
our institution. The diagnostic criteria for APSGN were:
(1) elevated streptococcal titers; (2) transiently depressed
C3 complement; (3) absence of past history of chronic
renal disease. The diagnosis of APSGN was made if the
patients’ clinical and laboratory findings and subsequent
progression of the symptoms were consistent with the
disease. Clinical details from the case records of the
patients were extracted. The patient group was analyzed
as a whole and also as separate groups consisting of
those with biopsies that showed 50% or more crescents
(group 1, n=11) and those with fewer than 50% crescents
in their glomeruli (group 2, n=16) The histopathology was
reviewed by a single histopathologist (JZ) who had no
previous knowledge of the clinical history or outcome of
the group. The biopsies were scored according to a
modification of the method of Clark et al. [11]. Scores
were assigned semi-quantitatively on a scale of 1–4 for the
following five microscopic features: mesangial cellularity,
mesangial matrix expansion, neutrophil infiltration, tubu-
lar atrophy and interstitial inflammatory cell infiltration. A
score for cellular crescents (scale 1–4) was also obtained,
with one point for each 25% of glomeruli affected. The
total score of all six features for each case was then
calculated (maximum 24 points). All renal biopsies were
examined by light microscopy, direct immunofluorescence
and electron microscopy. Indications for renal biopsy
were: (1) anuric renal failure; (2) acute glomerulonephritis
with a severe reduction in renal function and creatinine
more than fourfold higher than upper limit or normal; (3)
mixed nephritic nephrotic syndrome; (4) delay in recovery
of renal function within 2–3 weeks after the onset of acute
nephritis. All children had either gross hematuria with
cellular casts or 3+ to 4+ blood on urinalysis and
proteinuria at the time of their renal biopsies. Nephrotic
range proteinuria was defined as either 4+ protein on
dipstick testing or a urine protein to creatinine ratio greater
than 200 mg/mmol. A mixed nephritic nephrotic syn-
drome was defined as patients who had features of both
illnesses with gross hematuria, impaired renal function
and nephrotic proteinuria.

Streptococcal titers were compared with previous pub-
lished data and were considered to be clinically significant if
they exceeded the following upper limits: anti-streptolysin
O (ASO) ≥ 480 Todd units (n<170), anti-DNAase B≥680
(n<170), and anti-hyaluronidase (AHT) ≥ 1024 (n<256)
(New Zealand Heart Foundation Guide for Diagnosis of
Acute Rheumatic Fever; www.nhf.org.nz.

Statistical analysis was performed using the software
package GraphPad Instat 3.0 (GraphPad Software, San

Diego, USA). The non-parametric t test and Fisher exact
test were used to assess significance, and p values less than
0.05 were considered to be statistically significant.

The study was performed in accordance with the ethical
standards laid down by the Declaration of Helsinki.

Results

Demographics and clinical features

Twenty-seven children, of whom 16 were males, were
identified. The median age at diagnosis was 9.4 years
(range 3.5–13.2). The majority of children with severe
APSGN were either of Maori (11/27, 41%) or Pacific Island
(12/27, 44%) origin with more than two-thirds being over
the age of 6 years at time of presentation The 2006 census
for New Zealand reported that 64.7% of the population
were Europeans, 14% Maori and 6.6% Pacific Islanders. A
comparison of the census with the ethnic identity of the
pediatric patients indicated that Maori and Pacific Island
children were overrepresented in that they comprised only
20.6% of the total population but 85% of the cases of
APSGN. The demographics and clinical features of the 27
pediatric patients with APSGN are presented in Table 1.

Seven (26%) children presented with rapid onset of
anuric renal failure with a clinical picture indicative of
rapidly progressive glomerulonephritis with severe ure-
mia. All children presenting with anuric renal failure
required urgent dialysis because of severe electrolyte
derangement and volume overload. Interestingly, these
children were predominantly New Zealand Europeans.
Older children were treated with hemodialysis and the
younger ones with peritoneal dialysis. Two patients (cases
16, 22) developed hemoptysis secondary to pulmonary
hemorrhage—in one child as a presenting symptom and
the other during the course of her illness. Seventeen
patients had nephrotic syndrome or nephrotic range
proteinuria during their illness.

Renal biopsy

Twenty-seven children with APSGN had 28 renal biopsies.
The indications for biopsy were anuric renal failure (seven
patients; 26%), acute severe glomerulonephritis (11, 41%),
mixed nephritic nephrotic syndrome (five, 18%) and
unexpected delay in recovery from acute glomerulonephri-
tis (four, 15%). One child (case 8) had two biopsies because
of persisting acute renal failure. At presentation, the patient
was anuric and was treated with urgent hemodialysis. The
first biopsy performed on day 2 of hospitalization showed
diffuse proliferative glomerulonephritis. The patient
remained in dialysis-dependent renal failure, and a further
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biopsy on day 12 showed CGN with 70% of glomeruli
showing cellular crescents. Four patients (cases 3, 6, 26, 27)
were biopsied because their serum creatinine failed to improve
to normal levels within the expected period of 2–3 weeks.
Most of the children (18/27) had renal biopsies performed
within 5 days of presentation to hospital due to severe acute or
anuric renal failure. Two patients were biopsied after 20 days
after initial presentation; one patient was referred from the
Pacific Islands 4 months after onset of the acute illness for
investigation of persistent renal failure and the other was
admitted after the development of acute pulmonary hemor-
rhage during her illness. There was no significant relationship
between the total biopsy score and the need for acute dialysis,
the pre-biopsy serum creatinine, duration of dialysis, the
presence of anuria at initial presentation or the development of
nephrotic range proteinuria. All renal biopsies showing
glomerular crescents had cellular crescents with no evidence
of fibrocellular changes to indicate chronicity. Direct immu-
nofluorescence on all the renal biopsies showed C3 and
immunoglobulin (Ig)G deposition in a pattern consistent with
post-infectious glomerulonephritis.

Serological studies

Of the 27 patients, 25 had streptococcal titers measured at
the time of presentation; 14 of these patients had signifi-
cantly elevated anti-streptolysin O titers (>480 Todd units).
Four patients had elevated anti-DNAse B titers (>680 Todd
units) while having ASO titers within the normal range
(data not shown). Seven patients had normal initial
streptococcal titers; however, follow-up titers 10–14 days
later were not done or available. Streptococcal titers were
not available for two patients. There was no correlation
between the degree of ASO elevation and the severity of
clinical presentation or depression of the C3 complement.
C3 complement was significantly reduced (<0.8 mg/l) in 16
of 26 patients in whom complement studies were per-
formed. No patient had reduced C4 complement. Serology
for antinuclear factor and antineutrophil cytoplasmic anti-
body were all negative in those patients for whom these
factors were measured.

Comparison of crescentic (Group 1) with non-CGN (Group 2)

As a whole, group 1 patients (n=11) had significantly
higher serum creatinine values than group 2 patients (556
vs. 210 umol/l, respectively; p=0.006). This difference
could not be accounted for by a difference in age as the
mean ages of the two groups were 9.2 and 9.1 years,
respectively. There was also a tendency for group 1
patients to require acute dialysis more frequently than
those without crescentic changes, although this was not
statistically significant (p=0.1). There was no difference

in the duration of dialysis between the two groups. Anuric
renal failure was the most common presenting clinical
syndrome patients in group 1 patients (6/11); in contrast,
this condition was only observed in one of the 16 patients
in group 2. One patient (case 1) presented with severe
renal failure and progressed to end stage renal disease
within 1 month despite immunosuppression therapy with
methylprednisolone and cyclophosphamide. Another pa-
tient (case 9) had a delayed presentation (approx. 1 month)
and had been anuric for some days before eventual
hospitalization. A renal biopsy 10 days after initial
stabilization of his clinical condition showed severe
CGN with 80% glomeruli affected. Despite methylpred-
nisolone and cyclophosphamide therapy, this patient
remained in anuric renal failure and was dialysis
dependent. He is now awaiting a renal transplant.

Treatment and outcome

Twelve patients of the 27 patients (seven in group 1,
five in Group 2) required acute dialysis. Follow-up data
were available in 18/27 patients with a mean follow-up
time of 3.2 years (95% confidence interval 2.1–4.3;
median 2 years, range 1–8 years). Patients with renal
failure severe enough to need acute dialysis tended to
have persistent proteinuria after up to 8 years of follow-
up. Patients that had a large percentage of crescents on
biopsy had a greater likelihood of needing acute
dialysis. At last follow-up, eight of the 12 patients
who needed dialysis are either in end stage renal disease
or chronic renal failure or they have persistent protein-
uria of 2 to 4+ on casual urinalysis. Approximately one-
half (7/15) of the group who did not have dialysis have
been lost to long-term follow-up

Fifteen patients were treated with immunosuppression
therapy, with either methylprednisolone pulses followed
by oral prednisone alone or in combination with
cyclophosphamide. Overall, those that had 50% or more
crescents on biopsy were offered either methylpredniso-
lone alone or in combination with cyclophosphamide. No
clear conclusions on the efficacy of immune suppression
on long-term outcome can be drawn from this study.

Discussion

This retrospective study describes the outcome of severe
post-streptococcal glomerulonephritis over a 12-year
period in New Zealand where this disease is still a
major cause of acute renal failure. The extent of the
problem is currently being studied in a prospective
nation-wide study. The study reported here focused on
patients who have had renal biopsies and hence were at

1024 Pediatr Nephrol (2009) 24:1021–1026



the severe end of the clinical spectrum. It is important to
accurately consider the impact of acute post-streptococcal
glomerulonephritis as a cause of acute illness in
childhood in the New Zealand context. It is a common
disease in New Zealand, with the New Zealand Health
Information System reporting 768 cases of either con-
firmed or probable APSGN in children under age 15
between 2000 and 2006, giving an average of 109 cases
per year for the whole country (personal communication,
with permission of the Ministry of Health, New Zealand).
This study reviewed 27 cases over a 12-year period that
were severe or atypical enough to warrant a renal biopsy.
This gives an average of two cases of severe APSGN per
year or, otherwise, approximately 2% of cases of APSGN
have a severe course. This is an important observation
which puts into perspective both the relative rarity of
severe APSGN and the fact that most children make a
good recovery. This is similar to other studies from
overseas [12, 13].

Almost three-quarters of our patient group presented
with either anuria or severe acute glomerulonephritis
with significant renal failure. Two children had pulmo-
nary hemorrhages at the onset or during their clinical
course. One patient had a bronchoscopy which showed
diffuse bleeding consistent with pulmonary capillaritis,
with a clinical picture similar to that of Goodpasture’s
syndrome. Interestingly, the renal biopsies of both of
these patients showed no evidence of crescent formation,
which might be more typical of Goodpasture’s syndrome,
and their direct immunofluorescence showed a coarse
granular C3 complement and IgG in glomerular capillary
walls consistent with post-streptococcal glomerulonephri-
tis. In the clinical setting of rapid onset of acute anuric
renal failure, the differential diagnosis of RPGN includes
systemic lupus erythematosus, IgA nephropathy, mem-
branoproliferative glomerulonephritis, Goodpasture’s
disease, vasculitis, Henoch–Schönlein purpura and post-
streptococcal glomerulonephritis.

The recommended treatment of severe APSGN is support-
ive. The role of immunosuppressive therapy is thought to be
limited. There have been no recent randomized controlled trials
of immune suppression, particularly in children where the
disease is more common. A number of published studies
[9, 13–15] have not been able to demonstrate conclusively the
benefit of immune suppression on long-term outcome. We
also conclude from our study that there is no clear benefit of
immune suppression on renal outcome. The indications for
immunosuppressive therapy were not based on pre-determined
criteria, and its administration was dependent on the practice
of the physician caring for the patient at the time of admission.
A general principle in the treatment of severe CGN (>75%
crescents) regardless of etiology is immune suppression with
corticosteroids with or without an alkylating agent. This

treatment strategy is frequently utilized to suppress the severe
extra-capillary inflammation.

The role of plasmapheresis is currently unknown, despite a
case report of a pediatric patient being treated by such a
regimen. In that patient, methylprednisolone and antiplatelet
therapy were also used [16]. We currently do not advocate the
use of plasmapheresis in this clinical setting as we have seen
a number of patients with CresPSGN who have a made a
good recovery without this therapy.

A recent report from Ralf et al. [17] suggested that
CresPSGN should receive more aggressive treatment, espe-
cially if associated with nephrotic syndrome. Nephrotic
syndrome in adult APSGN is a predictor of poor renal
survival and is more than fivefold more likely to progress to
uremia within 2 years of the acute illness compared with
those without nephrotic proteinuria [18]. In Chugh’s series
[18] of 142 adults, 14% had nephrotic proteinuria and, on a
long-term follow-up, 15% had persistent hypertension, 1.9%
end stage renal failure, and 3.8% chronic renal failure. In
Vogl’s series of 98 adults [19], 21.5% had nephrotic
proteinuria and 16% developed chronic renal insufficiency.
In the series reported here, 18 (66%) patients had nephrotic
syndrome or nephrotic range proteinuria and eight had CGN.
Two patients progressed to end stage renal failure and only
3/21 (14%) patients still have persistent proteinuria after 4–
6 years of follow-up. This result suggests that children with
nephrotic range proteinuria from APSGN is more common
than previously described and that this age group may
possibly have a better long-term prognosis than adults,
although our follow-up time is still relatively short, and only
a long-term prospective study will answer this issue with any
degree of certainty.

Limitations of this study are those of a retrospective
study. Incomplete data were a problem in that only 18 or 27
patients had significantly elevated streptococcal titers, and
follow-up or convalescent titers were not performed in a
proportion of patients. This raises the possibility that not all
patients had post-streptococcal glomerulonephritis even
though all of the renal biopsies showed features typical of
the disease. In our clinical setting, acute glomerulonephritis
following a streptococcal infection is by far the most
common cause of post-infectious glomerulonephritis [20].
This clinical impression is substantiated by the high
incidence of rheumatic fever in the same ethnic groups
who have acute glomerulonephritis. We are therefore
confident that all the cases reported in this study were due
to post-streptococcal disease.

Acute post-streptococcal glomerulonephritis during
childhood continues to be a major health issue in New
Zealand Maori and Pacific Island children. Children
from both Maori and Pacific Island backgrounds are
over-represented in this report. The major reason for the
high incidence of this disease in these groups is their
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lower socioeconomic status in the community. Other
infectious diseases, such cellulitis and respiratory illness,
are more frequent among Maori and Pacific Island
children [21]. This relates mainly to poverty, poor
education, crowding and, occasionally, cultural attitudes.

In conclusion, acute post-streptococcal glomerulone-
phritis during childhood continues to be major health
problem in New Zealand, affecting predominantly Maori
and Pacific Island children. A subgroup of these
children presented with rapid onset of severe disease
that required a kidney biopsy to exclude other causes of
rapidly progressive glomerulonephritis. A significant
proportion of this subgroup needed a period of acute
dialysis. Some of these patients have persistent protein-
uria following the acute illness and progress to chronic
renal insufficiency. A worrying aspect of our retrospec-
tive study is that a quarter of this group was lost to
follow-up despite attempts by the authors to encourage
attendance at follow-up clinics.
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