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Abstract

The aim of the study was to determine whether an elevated IgA level at the
time of the diagnosis of IgA nephropathy has an effect on the severity of
kidney biopsy findings and long-term outcomes in children. We retrospec-
tively studied 89 children with IgA nephropathy who were stratified into
Group 1- elevated serum IgA and Group 2 —normal serum IgA at baseline.
The level of IgA, proteinuria, hematuria, glomerular filtration rate (GFR)
and hypertension (HTN) were compared at baseline and after the end of
the follow-up period of 4.0 &+ 3.1 years. Kidney biopsy findings were
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evaluated using the Oxford classification. The evaluation of treatment
included immunosuppressive therapy and renoprotection with angiotensin
converting-enzyme inhibitor (ACEI) or angiotensin II receptor blocker
(ARB), or no treatment. The elevated serum IgA was found in 46 (52 %)
patients and normal serum IgA level was found in 43 (48 %) patients. No
differences were found between the two groups regarding the mean age of
patients, proteinuria, and the number of patients with reduced GFR or HTN
at baseline. In kidney biopsy, mesangial proliferation and segmental sclero-
sis were significantly more common in Group 1 compared with Group
2 (p < 0.05). Immunosuppressive therapy was used in 67 % children in
Group 1 and 75 % children in Group 2. The Kaplan-Meier survival curves
for renal function (with normal GFR) and persistent proteinuria did not differ
significantly depending on the serum IgA level at baseline. We conclude that
in IgA nephropathy the elevated serum IgA at baseline may be associated
with mesangial proliferation and segmental sclerosis contribute to
glomerulosclerosis, but has no effect on the presence of proteinuria or on

the worsening of kidney function during several years of disease course.
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1 Introduction

IgA nephropathy (IgAN) is a form of chronic
glomerulonephritis with predominant IgA
deposits in kidney biopsy findings. It is a chronic
kidney disease that develops in 5-30 % of
patients at 10 years of age and in 25-50 % of
patients at 20 years of age (Coppo and D’ Amico
2005; Yoshikava et al. 2001). Complete remis-
sion of IgAN has been reported in only 3-30 % of
cases (Coppo and D’Amico 2005).

IgA may be present in a monomeric form or
may polymerise (pIgA) due to the J-chain. In
healthy subjects, most pIgA is produced by the
mucosal immune system, while patients with
IgAN show reduced mucosal pIgA1l production
and increased pIgA1 production in the bone mar-
row (Van der Boog et al. 2005). Different studies
show that pIgAl is the major component of glo-
merular deposits. IgA glomerular deposits sus-
tain over a long-term follow-up in patients with
persisting urinary changes and disappear in the
course of clinical remission.

IgAl in patients with IgAN shows an
increased ability to form larger conglomerates
as a result of abnormal galactosilation within
the O-glycosylation hinge region. A defect of
p1,3-galactose transferase, responsible for IgA
galactosilation, has been found in B cells of
patients with IgAN. Normally, IgAl is
catabolised in the liver by binding with an
asialoglycoprotein receptor (ASGPR), and
O-glycosylation results in a significant decrease
of hepatic IgAl clearance. IgA1 O-glycoforms
that are deficient in galactose have an increased
immunogenic potential attributable to hinge
region O-glycans protecting IgAl from the
immunerecognition (Suzuki et al. 2009). IgAl
molecules with reduced galactose content form
immunologic complexes that attach to mesangial
fibronectin, laminin, and collagen type IV, and
activate C3 further promoting nonspecific
inflammatory responses within the glomeruli
(Silva and Hogg 1989). Japanese studies have
shown that an elevated serum IgA level is
observed in 50-70 % of the adults and 16 % of
children with IgAN (Yoshikava et al. 2001).
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The aim of the present study was to determine
whether an elevated IgA level at the time of the
diagnosis of IgAN in children is related to the
severity of kidney biopsy findings and long-term
treatment outcomes.

2 Methods

We retrospectively studied 89 children from
8 pediatric nephrology centers, including
56 (63 %) boys and 33 (37 %) girls aged 11 £+ 4
years, in whom IgAN was diagnosed based on
kidney biopsy findings. The patients were
divided into two groups based on the baseline
serum IgA level: Group 1 included patients with
elevated serum IgA and Group 2 included
patients with normal serum IgA level. The anal-
ysis consisted of the assessment of the severity of
urinary changes at baseline, kidney biopsy
findings, applied therapy, and the long-term
outcomes in both compared groups.

The baseline evaluation included the degree
of proteinuria, hematuria, serum albumin, creati-
nine and IgA levels, GFR — the estimation using
the Schwartz formula (Schwartz et al. 2009), and
the blood pressure measurements. Proteinuria
was determined using the turbidimetric method
of Exton in a 24-h urine collection and expressed
in mg/kg/day. The nephrotic proteinuria was
recognized if greater than 50 mg/kg/day. The
nephrotic syndrome was diagnosed if the
nephrotic proteinuria was accompanied by
hypoalbuminemia of less than 2.5 g/dl and
hyperlipidemia.

Erythrocyturia was defined as more than
5 erythrocytes per field of view at the magnifi-
cation of 400x. Hematuria was defined as a
visible change of urine color. Serum IgA was
determined using immunonephelometric or
immunoturbidimetric method and related to
the age-specific reference ranges in a given
center. Blood pressure was measured using
the Korotkoff method. Hypertension was diagnosed
if blood pressure exceeded the 95th percentile

for height, age, and gender in three independent
measurements (National High Blood Pressure
Education Program Working Group on High
Blood Pressure in Children and Adolescents 2005).

Kidney biopsy was performed in all children
at 1.4 £22 years (median 0.5; range
0.1-13 years) since the disease onset. The
specimens were evaluated using the Oxford clas-
sification (1 — changes present, 0 — absent: M —
mesangial proliferation;, E - endocapillary
hypercellularity; S — segmental sclerosis; T —
tubular atrophy/interstitial fibrosis TO: 0-25 %,
T1: 26-50 %, and T2: >50 %) (Roberts
et al. 2009). In addition, the absence or presence
of crescents (cO/cl) was indicated in the kidney
biopsy report. Histopathological evaluation was
performed locally and verified at the Department
of Pathology, Medical University of Warsaw in
Poland.

The treatment modalities included supportive
therapy with angiotensin converting-enzyme
inhibitor (ACEI) or angiotensin II receptor
blocker (ARB) agents, IS — immunosuppressive
drugs (prednisone, azathioprine, cyclophospha-
mide, CsA/Tac — cyclosporin A or tacrolimus,
MMF — mycophenolate mofetil). The follow-up
period ranged from 1 to 14 years (mean
4.0 £ 3.1 years). The severity of proteinuria
and erythrocyturia, GFR, and the presence of
hypertension were evaluated in the course of
the long-term follow-up. Disease remission was
defined as resolution of urinary changes with
normal GFR and blood pressure values.

Results were expressed as means & SD,
median, and minimum-maximum values.
Parameters were compared using the Wilcoxon
test and the #-test, and frequencies were com-
pared using a proportion test. Linear regression
analysis, chi-squared test, Pearson’s correla-
tion coefficient with the exact Fisher test, and
Spearman’s rank correlation test were used to
evaluate relations between studied parameters
at the end of the follow-up in relation to the
baseline serum IgA level. Kaplan-Meier curves
were plotted for the two study groups.
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P values of <0.05 were considered statisti-
cally significant. Statistical analyses were
performed using the Statistica ver. 10 software
package.

3 Results

In all children, IgAN was diagnosed on the basis
of kidney biopsy findings. The nephrotic range of
proteinuria with erythrocyturia was present in
19 (21 %) children (including 6 with nephrotic
syndrome). Non-nephrotic range of proteinuria
was found in 48 (54 %) patients, and isolated
erythrocyturia/hematuria in 22 (25 %) patients.
19 (21 %) had intermittent gross hematuria. At
baseline, GFR <90 mL/min was noted in
35 (39 %) children and hypertension in
18 (20 %) children. Elevated serum IgA level
was found in 46 (52 %) out of the 89 patients
(Group 1), and the normal serum IgA level was
found in 43 (48 %) patients (Group 2). Patient
characteristics at baseline are shown in Table 1.
In Group 1, proteinuria was less frequent at base-
line, although the difference between the groups
was insignificant, while the nephrotic range of
proteinuria was significantly more common
(p < 0.05) compared with the Group 2. No sig-
nificant differences were found between both
groups regarding the patients’ age, protein loss,
decreased GFR, and the presence of hypertension
at baseline.
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Kidney biopsy was performed after 1.2 + 2.0
years in Group 1 and after 1.6 £ 2.4 years in
Group 2 from the disease onset. The timing of
kidney biopsy in relation to initial symptoms of
the disease did not differ significantly between
the two groups. The most common finding in
both groups was mesangial proliferation. Both
mesangial proliferation (M1) and segmental scle-
rosis (S1) were significantly more common in
Group 1 compared with Group 2 (89 % vs.
72 % and 41 % vs. 21 %, p < 0.05, respectively),
while the rates of endocapillary hypercellularity
(E1), tubular atrophy/interstitial fibrosis (T1),
and the presence of crescents (cl) did not differ
between the groups. The biopsy findings in the
two groups are shown in Table 2.

Supportive therapy or watchful waiting was
applied in 28 (31 %) children, including
16 (35 %) in Group 1 and 12 (28 %) in Group
2; the difference between the two groups was
insignificant. Immunosuppressive therapy with
prednisone, azathioprine, cyclophosphamide,
cyclosporin A, and mycophenolate mofetil was
used as a first-choice treatment in 61 (68 %) chil-
dren, including 33 (72 %) in Group 1 and
28 (65 %) in Group 2 (insignificant difference).
The indications for immunosuppressive therapy
included severe urinary changes (mainly
nephrotic range of proteinuria), reduced GFR
and/or histopathological findings of poor progno-
sis (M, E, S, and T). In Group 1, azathioprine
with prednisone were the most frequent first-

Table 1 Clinical parameters in patients with IgA nephropathy in relation to baseline serum IgA level

Group 1 (n = 46) Group 2 (n = 43) p
Gender (M/F) 30/16 26/17 ns
Age at onset of IgAN (years) 114 £ 42 11.2 + 4.1 ns
Time to renal biopsy (years) 12 £20 1.6 £24 ns
Proteinuria (mean, median, range) (mg/kg/day) 20.6 £+ 35.0 66.9 £+ 163.9 ns

12 (0-202) 15 (0-967)
No. of patients with proteinuria 32 (69 %) 35 (76 %) ns
No. of patients with nephrotic range proteinuria 6 (13 %) 13 (30 %) p < 0.05
GFR (mL/min) 974 + 274 94.7 £ 36.1 ns
No. of patients with GFR <90 mL/min 17 (37 %) 18 (42 %) ns
No. of patients with HTN 8 (17 %) 10 (23 %) ns

Group 1 — elevated serum IgA1; Group 2 — normal serum IgA1l
IgAN IgA nephropathy, GFR glomerular filtration rate, HTN hypertension, ns non-significant
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choice treatment used significantly more fre-
quently compared with Group 2 (p < 0.05). A
repeated course of immunosuppressive therapy
due to disease recurrence or persisting protein-
uria was used in 16 children (18 %), including
10 in Group 1 and 6 in Group 2; insignificant
difference. The duration of a follow-up was sim-
ilar in both groups and ranged from 1 to
14.3 years (mean 4.0 £ 3.1 years in Group
1 and 3.7 &+ 2.6 years in Group 2). Treatment
modalities in both examined groups are
summarized in Table 3.

Comparison of long-term outcomes in relation
to the serum IgA level at baseline is shown in
Table 4. The number of patients with reduced
GFR (<90 mL/min) and the rate of persisting
proteinuria did not differ between the two groups
examined. We failed to find any relation between
the elevated serum IgA level at baseline and
reduced GFR (chi-squared test) and/or persisting

Table 2 Number of children with various kidney biopsy
findings (M1, El, S1, T1) according to Oxford classifica-
tion in Group 1 — elevated serum IgAl and Group 2 —
normal serum IgAl

Group 1 (n =46) Group2(n =43) p

ML 41 (89 %) 31 (72 %) <0.05
El 6 (13 %) 11 25 %) ns
SI 19 (41 %) 9 (21 %) <0.05
Tl 7(15 %) 5(12 %) ns
Cl 1022 %) 7 (16 %) ns

M mesangial hypercellularity, £ endocapillary hypercel-
lularity, S segmental sclerosis, T tubular atrophy/intersti-
tial fibrosis, ¢ crescents, ns non-significant

proteinuria (Spearman’s rank correlation test) at
the end of the follow-up.

The Kaplan-Meier analysis for survival prob-
ability in children with normal GFR and with
persisting proteinuria in the two groups did not
confirm the presence of a correlation between
these parameters and the serum IgA level at
baseline (Figs. 1 and 2). However, the baseline
GFR <90 mL/min, as compared with that
>90 mL/min, appeared a poor prognostic indica-
tor of survival (p < 0.001) (Fig. 3).

4 Discussion

A defect underlying IgAN is the production of
abnormal, galactose-deficient glycosylated IgA1l
that forms circulating immune complexes depos-
ited in the glomeruli (Tanaka et al. 2011). An
increase in IgAl production by bone marrow
plasmocytes is visible as an enhanced IgA
serum level (Galla 1995), whose prevalence
may be as high as 41 % in children (Bulut
et al. 2012). In the present study we found an
elevated IgA in the serum samples from 46 out of
the 89 (52 %) children. In adult patients, IgA
>315 mg/dL is considered diagnostic of IgAN,
although the IgA level has not been identified as
a valuable prognostic factor (Tomino
et al. 2000).

Episodes of overt hematuria in the course of
IgAN are less frequent in adults compared with
children. Such episodes have been found in 43 %
(Emancipator et al. 1995) and 18-32 %

Table 3 Treatment used in Group 1 patients — elevated serum IgAl and Group 2 patients — normal serum IgA1*

First choice treatment P Second choice treatment p

Group 1 Group 2 Group 1 Group 2
IN 33 (72 %) 28 (65 %) ns 10 (23 %) 6 (14 %) ns
Corticosteroids+ACEI/ARB 11 (24 %) 10 (23 %) ns 4 (9 %) 0 -
ACEI/ARB/0 16 (35 %) 12 (28 %) ns 3(6 %) 2 (5 %) ns
Azathioprine 21 (46 %) 10 (23 %) <0.05 409 %) 2(5 %) ns
Cyclophosphamide 0 51 %) - 12 %) 3 (7 %) ns
CsA/Tac 12 %) 2(5 %) ns 0 12 %) -
MMF 0 12 %) ns 12 %) 0 -

“Patients may have received more than one treatment modality
ACEI/ARB/0 angiotensin converting-enzyme inhibitor or angiotensin II receptor blocker or no treatment, /S immuno-
suppressive drugs, CsA/Tac cyclosporin A or tacrolimus, MMF mycophenolate mofetil, ns nonsignificant
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Table 4 Long-term outcomes in Group 1 patients — elevated serum IgA1 and Group 2 patients — normal serum IgA1

Group 1 (n = 46) Group 2 (n = 43) p
Follow-up (years) 4.0 £ 3.1 3.7 +26 ns
GFR (mL/min) 99.4 + 232 108.0 £ 24.7 ns
No. of patients with GFR <90 mL/min 14 (30 %) 6 (14 %) ns
Proteinuria (mean, median, range) (mg/kg/day) 32+ 64 122 £23.2 ns

Median 0 (0-22) Median 0 (0-97)
No. of patients with proteinuria 14 (30 %) 19 (44 %) ns
No. of patients with nephrotic range proteinuria 12 %) 4.9 %) ns
No. of patients with complete disease remission 11 24 %) 9 (21 %) ns

ns nonsignificant

Fig. 1 Kaplan-Meier
survival curves regarding
renal function in relation to
the baseline serum IgA
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Fig. 3 Kaplan-Meier
survival curves regarding
renal function in relation to
baseline GFR
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(Yoshikava et al. 2001) of adult patients.
Symptoms may also include chronic
erythrocyturia or proteinuria of varying severity,
acute nephritic syndrome with hypertension, or
acute renal failure with nephrotic syndrome. In
children, erythrocyturia or asymptomatic pro-
teinuria has been found in 62 %, hematuria in
26 %, and nephritic syndrome in 12 % of patients
(Yoshikava et al. 2001).

In line with those results, in the present study
we found hematuria in 21 % of children,
non-nephrotic range proteinuria in 54 %, and
hypertension in 20 % of patients. Acute kidney
injury, observed in 39 % of patients, was fre-
quently associated with nephritic syndrome.
The severity of initial symptoms was unrelated
to the serum IgA level, and eventfully the
nephrotic range of proteinuria was found to be
more frequent among children with the normal
serum IgA level.

Kidney biopsy showed mesangial cell prolif-
eration and segmental sclerosis to be signifi-
cantly more common in the group with elevated
Serum IgA level, which may be attributable to
glomerular injury triggered by circulating
immune complexes, in particular those
containing aberrantly glycosylated IgA1 (Tanaka
et al. 2011). The in vitro studies by Novak
et al. (2005) have demonstrated that circulating

4 6 8 10 12 14 16
Time (years)

immune complexes with galactose-deficient
IgAl from the sera of IgAN patients stimulate
mesangial cell proliferation more effectively
than non-complexed IgA1 or immune complexes
isolated from healthy persons.

In view of the lack of standards of IgAN
therapy in children, various medical centers use
different treatment modalities guided by the
severity of urinary changes and GFR values.
Supportive therapy was comparable in both
groups analysed in the present study. Immuno-
suppressive treatment was applied more fre-
quently than renoprotection alone in both
groups, but the immunosuppression was different
in the two groups: azathioprine combined with
corticosteroids was used more frequently in the
group with elevated Serum IgA level. Pozzi
et al. (2010) have failed to demonstrate an addi-
tional benefit of low-dose azathioprine added to
corticosteroids in patients with IgA nephropathy.
However, an important limitation of all studies
on the issue of therapy is a short observation
period taking into account a slowly progressing
nature of this disease (Tanaka et al. 2011).

The mean follow-up time in the present study,
amounting to around 4 years, also cannot truly
reflect the effects of the long-lasting course of the
disease. The Kaplan-Meyer analysis failed to
substantiate a relation between a decline in
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GFR in the follow-up period and a baseline
serum IgA level. That, however, does not elimi-
nate the possibility that a pathological IgA
contributes to the pathogenesis of the disease,
but the association between the renal function
and humoral pathology is not straightforward.
In contrast, reduced baseline GFR seems a poor
prognostic factor, as shown in previous studies
(Coppo and D’ Amico 2005).

In view of the data suggesting a key role of
galactose-deficient IgA in the pathogenesis of
IgAN, it seems that the serum level of galactose-
deficient IgA1 may be a prognostic factor in chil-
dren, but the resolution of this issue requires fur-
ther studies. In conclusion, in children with IgA
nephropathy, elevated baseline serum IgA may be
associated with mesangial hypercellularity and
segmental sclerosis, but has no effect on the pres-
ence of proteinuria or decline in renal function in
the course of the disease.

Conflicts of Interest The authors declare no conflicts of
interest in relation to this article.
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