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Abstract
Background: In Europe IgA nephropathy (IgAN) is detected 
in 20% of children with glomerular diseases diagnosed by 
renal biopsy. The outcome during childhood is generally 
good, but progression in the long-term follow-up may occur 
in about 20% of children after 20 years. Summary: In Europe, 
urine screening programs are not active, and there is vari-
ability in the policy to perform renal biopsies in oligo-symp-
tomatic children. Hence, a suitable observational approach 
to pediatric IgAN is offered by the VALIGA study which in-
cluded 174 children aged < 18 years from 13 European coun-
tries followed over a median of 4.4 (2.5–7.5) years. Renal pa-
thology lesions were centrally scored according to the Ox-
ford Classification of IgAN (mesangial hypercellularity, M; 
endocapillary hypercellularity, E; segmental glomeruloscle-
rosis, S; tubular atrophy/interstitial fibrosis, T; crescents, C 
[MEST-C]). Children had renal biopsy mostly with normal es-
timated glomerular filtration rate (eGFR) and moderate pro-
teinuria of a median of 0.84 g/day/1.73 m2 (< 0.30 g/day/1.73 
m2 in 30% of the cases). Children showed M1 in 21.8%, E1 in 
13.8%, S1 in 42.5%, T1–2 in 6.3%, and C1 in 14.9%. The sur-
vival at the combined endpoint of 50% eGFR decrease or 
end-stage renal disease at 15 years was 94%. The slow pro-
gression rate and the limited number of cases progressing to 
the combined endpoint (6.4%) did not allow the detection 
of a predictive value of the MEST-C score. Moreover, the pre-
dictive value of clinical and pathological features was likely 

blunted by the use of corticosteroid/immunosuppressive 
treatment (CS/IS) in 50% of the cases. The survival tree anal-
ysis also proved that children < 16 years old with IgAN with-
out mesangial hypercellularity (M0) and well preserved eGFR 
(> 90 mL/min/1.73 m2) had a high probability of proteinuria 
remission during follow-up. Moreover, in this subgroup of 
children, the benefits of CS/IS therapy reached statistical sig-
nificance. In Europe, the use of CS/IS treatment in IgAN is still 
a debated issue, but most children tend to be treated more 
commonly than adults with CS/IS. A recent uncontrolled 
study reports a favorable outcome in European children with 
IgAN and very active acute forms of IgAN with improvement 
in eGFR and reduction in proteinuria. Key Messages: In Eu-
rope, children with IgAN have a favorable prognosis in the 
short term, and this may be due also to the frequently ad-
opted CS/IS therapy, particularly with acute and active path-
ological features. The risk of progression over decades of 
follow-up remains an unsolved problem which needs to be 
addressed by controlling subtle chronic pathogenetic fac-
tors which work in children as well as in adult cases of IgAN.

© 2019 S. Karger AG, Basel

Introduction and Interest for European Pediatric 
Nephrology

IgA nephropathy (IgAN) is a common glomerular dis-
ease in children and adolescents all over the world. Eu-
rope is the second continent with a frequency of this dis-
ease accounting for 20% of renal biopsies performed in 
pediatric age [1–3], while Asia has a 40% frequency [4, 5]. 
This different prevalence might be due to genetic or en-
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vironmental factors, which play a greater role in Asia than 
in Europe, particularly favoring the early onset of IgAN 
[6]. However, most probably, the frequency increases 
where screening programs are active, like in Japan and 
Korea [5, 7]. In Europe, this policy has not been adopted, 
and IgAN is diagnosed in children undergoing renal bi-
opsy because of persistent heavy isolated microscopic he-
maturia or hematuria associated with non-nephrotic pro-
teinuria [1–3]. The prevalence of pediatric IgAN in Eu-
rope varies in different reports, due to the variable criteria 
for performing renal biopsy in young subjects shortly af-
ter the detection of urine anomalies or limiting renal bi-

opsy to cases having developed proteinuria. It is likely 
that in Europe several cases of IgAN originating in the 
pediatric age are missed because most of them are asymp-
tomatic. The presence of isolated microscopic hematuria 
or hematuria associated with minimal proteinuria had 
been considered a benign clinical feature in children by 
general pediatricians in Europe before the new millen-
nium. However, the European Registry of patients in reg-
ular replacement therapy (ERA-EDTA Registry) report-
ed in a focused study that most subjects with IgAN enter-
ing regular replacement therapy are young adults [8], and 
since the decline of renal function in these patients is 
slow, it becomes manifest that progressive IgAN in Eu-
rope frequently begins in childhood. The interest for pe-
diatric IgAN increased in the last decades, since detecting 
IgAN at the beginning of its natural history in childhood 
may offer the possibility for early treatment and improve-
ment of the natural history of the disease in adult age.

Clinical Features of Children and Young Subjects 
with IgAN in Europe

The different criteria to perform renal biopsies in Eu-
ropean children with oligo-symptomatic urinary abnor-
malities account for the variability in the reports on the 
clinical presentation at renal biopsy and the natural 
course of pediatric IgAN in Europe [1–3]. For this reason, 
to gain a general overview of this glomerular disease in 
children, a suitable observational approach is offered by 
the cohort gathered by the collaborative study to validate 
the Oxford Classification of IgAN, VALIGA [9]. This 
study enrolled 1,147 patients from 13 European countries 
followed over a median of 4.7 years [10]. This cohort in-
cluded 174 children aged < 18 years from 13 European 
countries, offering the possibility of presenting European 
data without the bias of selection due to different biopsy 
policies [11]. All renal biopsies were centrally reviewed 
and scored according to the Oxford Classification [9]: 
mesangial hypercellularity, M0/M1 (≤/> 50% of glomer-
uli with mesangial hypercellularity, defined as 4 or > 4 me-
sangial cells/mesangial area); endocapillary hypercellu-
larity, E0/E1 (absent/present); segmental glomeruloscle-
rosis, S0/S1 (absent/present); and tubular atrophy/
interstitial fibrosis, T0/T1–2 (≤/> 25% of renal biopsy tis-
sue); crescents were assessed as C0/C1 (absent/present) 
(MEST-C score). 

The baseline clinical data and pathology features of the 
174 children form 13 European countries are reported in 
Table 1. At renal biopsy, the mean age was 12.7 ± 3.6 years 

Table 1. Demographic and clinical data at renal biopsy and  
over the follow-up in 174 children <18 years old enrolled in the 
VALIGA cohort

Clinical data at biopsy
Female gender 49 (28.16)
Age, years 12.72±3.63
eGFR, mL/min/1.73 m2 117.02 (96.17–120)
Proteinuria, g/day/1.73 m2 0.84 (0.34–2.18)
MAP, mm Hg 87.53±11.35

Biopsy features
M1 38 (21.84)
E1 24 (13.79)
S1 74 (42.53)
T1–2 11 (6.32)

Follow-up data
Duration of follow-up, years 4.63 (2.48–7.35)
TA MAP, mm Hg 86.64±8.54
TA proteinuria, g/day/1.73 m2 0.56 (0.27–1.02)
RASB treatment 116 (66.67)
CsA/IS treatment 88 (50.57)
ΔeGFR, mL/min/1.73 m2 2.01±15.38
ΔMAP, mm Hg –1.29±11.75
ΔProteinuria, g/day/1.73 m2 –1.31±3.99

Clinical outcomes
Rate of eGFR loss, mL/min/1.73

m2/year 0 (–1.72 to 0.76)
15-year survival free from combined

event 163 (93.68)
TA proteinuria ≤0.5 in patients with

baseline proteinuria >0.5 g/day/1.73 m2 4/53 (7.54)

Values are n (%), means ± standard deviations, or medians (in-
terquartile ranges). eGFR, estimated glomerular filtration rate; 
MAP, mean arterial pressure; M1, mesangial hypercellularity (>50 
of glomeruli with mesangial hypercellularity); E1, presence of en-
docapillary hypercellularity; S1, presence of segmental glomerular 
sclerosis; T1–2, tubular atrophy/interstitial fibrosis in >25% of re-
nal biopsy tissues; TA, time-average; RASB, renin-angiotensin 
blockade; CsA, cyclosporine A; IS, steroid/immunosuppressive 
drugs.
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(only 6% were < 6 years old, 40% were < 12 years old), and 
the children were followed for a median of 4.6 (interquar-
tile range 2.5–7.3) years. Males were more frequent than 
females. Renal biopsy was performed mostly with normal 
estimated glomerular filtration rate (eGFR). Proteinuria 
at renal biopsy was at a median of 0.84 g/day/1.73 m2, be-
ing < 0.30 g/day/1.73 m2 in 25% of the cases, while ne-
phrotic range proteinuria was very rare. Hypertension 
(mean arterial blood pressure [MAP] > 95th percentile for 
age) was found in 20% of children who were hypertensive 
and/or were receiving antihypertensive medications. 

According to the Oxford Classification criteria, chil-
dren showed M1 in 21.8%, E1 in 13.8%, S1 in 42.5%, T1–2 
in 6.3%, and C1 in 14.9%. In comparison to the adult  
VALIGA cohort of 973 subjects, children showed a lower 
frequency of S1 and T1 lesions and a higher frequency of 
crescentic lesions (Fig. 1).

During the follow-up, renin-angiotensin system block-
ers (RASBs) were adopted in 66.6% of the cases, and 50% 
of the children received corticosteroid/immunosuppres-
sive treatment (CS/IS). 

Two sub-cohorts of children were considered: 70 cases 
aged < 12 years and 104 cases aged 12–17 years. No sig-
nificant differences in mean or median values of clinical 
data at renal biopsy were observed, while some differenc-
es were found for the MEST score, in agreement with the 
observation of the original Oxford study on a much low-
er number of children [12]. Mesangial hypercellularity 
was more frequent in children < 12 years of age. An op-
posite trend was found for tubular-interstitial damage; 
T1–2 was detected in only 4.3% of children < 12 years old 
but in 7.7% of those between 12 and 17 years of age 
(Fig. 1). 

In the whole group of 174 children aged < 18 years, the 
rate of renal function decline was at a median of 0 mL/
min/1.73 m2/year, with stabilization or improvement in 
50% of children and decrease by less than –1.8 mL/
min/1.73 m2/year in 25%. The combined endpoint of 
end-stage renal disease (ESRD) and/or 50% reduction in 
eGFR was reached in 11/174 (6.3%) children: 7 (4.0%) 
reached ESRD, 8 (4.6%) had a 50% loss of initial eGFR, 
and 4 (2.3%) had both.

The Kaplan-Meier survival curve of children showed 
a survival from the combined endpoint at 15 years of 94%, 
but a remission in time-averaged (TA) proteinuria to val-
ues < 0.5 g/day/1.73 m2 was found in only 7.5% of the cas-
es who had initial proteinuria > 0.5 g/day/1.73 m2. During 
the follow-up, TA proteinuria was 0.56 (0.27–1.02)  
g/day/1.73 m2.

On univariate analysis, age was significantly associated 
(p < 0.01) with the rate of decline in eGFR. Mean MAP 
was also associated with eGFR slope, while no association 
was found with eGFR or baseline proteinuria. On multi-
ple linear regression analysis, no data at renal biopsy were 
predictive of the rate of functional decline, while the val-
ue of proteinuria and blood pressure over the follow-up 
(TA proteinuria and TA MAP) predicted eGFR slope  
(p < 0.0001).

No MEST-C score, by univariate analysis, was predic-
tive of progression (eGFR slope or the combined end-
point). Similarly, there was no association between 
MEST-C scores and the combined endpoint by CS/IS 
treatment. 

The children enrolled in VALIGA included mild cases, 
with minimal proteinuria and acute glomerular lesions, 
but also active cases. Renal function decline was in the 
median absent, due to improvement in half of the cases, 
and the combined outcome of 50% reduction in eGFR or 
ESRD was attained in 6.3% of the cases only. This suggests 
that in children, a large part of the damage is potentially 
reversible possibly after CS/IS drugs, a treatment given in 
more than half of the European children. 
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Fig. 1. Frequency of renal pathology lesions in European children 
(174 subjects) and adults (973 subjects) enrolled in the VALIGA 
study [10], classified according to the Oxford Classification. IgAN, 
IgA nepropathy; M, mesangial hypercellularity (> 50% of glomer-
uli with 4 or more mesangial cells/area); E, endocapillary hyper-
cellularity (present/absent); S, segmental glomerulosclerosis (pres-
ent/absent); T, tubular atrophy/interstitial fibrosis (> 25%); C, 
crescents (present/absent).
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In the VALIGA cohort, a relationship was found be-
tween age at renal biopsy and log-hazard of the com-
bined endpoint, which increased in both treated and un-
treated young subjects with age until a plateau was 
reached at 23 years [11]. Some age-related protective ef-
fect was supposed, which seemed to be lost after the age 
of 23 years. The analysis of this expanded cohort of 216 
subjects < 23 years of age, who did not differ in baseline 
clinical and pathological features from the 174 children 
aged < 18 years, proved the validation of the MST features 
as predictive of the combined event. Performing a sur-
vival tree multivariate analysis, young subjects present-
ing with M1 or proteinuria > 0.4 g/day/1.73 m2 were 
found to be at higher risk for IgAN progression. The tree 
analysis also provided an interesting observation in chil-
dren < 16 years old with IgAN without mesangial hyper-
cellularity (M0) and well-preserved eGFR (> 90 mL/
min/1.73 m2), who had a high probability of proteinuria 
remission during follow-up. Moreover, in this subgroup 
of children, the benefits of CS/IS therapy reached statisti-
cal significance. 

The long-term outcome of pediatric IgAN in the  
VALIGA cohort was investigated in a recent study updat-
ing the database and prolonging the follow-up from 4.7 
to 7.0 years [13]. At 20 years from renal biopsy, 20% of 
the 174 children developed 50% eGFR loss or ESRD. The 
fact that a persistent follow-up proteinuria in the pediat-
ric cases was at a median of > 0.5 g/day/1.73 m2 suggests 
the persistence of a significant risk factor for progression. 
Interestingly, over this long follow-up, the prognostic val-
ue of M1, S1, and T lesions was confirmed decades after 
renal biopsy, and it was independent of age, i.e., valid in 
children as well as in adults. The annual loss of eGFR was 
independently predicted in this long-term follow-up 
study by T lesions, but in untreated cases also by cres-
cents. Again, this was independent of age and valid for 
children as well as for adults. 

Data from Selected European Cohorts 

In Europe, Sweden had a long-lasting interest in pedi-
atric IgAN (Tommy Linné and Ulla Berg as major repre-
sentatives), and Swedish studies reported pioneer data on 
the progression of this disease in children [14]. These pe-
diatric nephrologists recently reported on their cohort of 
99 children with IgAN aiming at validating the predictive 
value of the Oxford scores [15]. Their cohort included 
25% of children with chronic kidney disease 2–4. Protein-
uria was nephrotic in 15% of the cases. MEST scores were 

similar to those of the pediatric VALIGA cohort as far as 
M and E lesions were concerned, with a lower frequency 
of S1 and higher tubular-interstitial damage (M1, 31%; 
E1, 10%; S1, 23%; T1–2, 23%; C1, 17%). ESRD was reached 
by 15% of the cases and the combined endpoint by 22% 
of children. At univariate analysis, clinical baseline data 
(low eGFR, hypertension, and proteinuria) predicted 
outcome, and M1, E1, T1–2, and C were associated with 
combined outcome. However, on multivariate analysis, 
only in models constructed combining 1 histologic lesion 
with proteinuria at renal biopsy or at 1-year follow-up 
reached statistical significance. If clinical variables were 
not added, only models including 2 histological variables 
provided significant prediction by multivariate Cox anal-
ysis. A treatment was deserved by severe cases (34% of 
children). CS/IS drugs were most frequently used in chil-
dren with E1 and C1.

Pediatric nephrology in Paris has a long and glorious 
history since the discovery of IgAN by Jean Berger in 1968 
[16] and relevant clinicopathologic studies by Patrick 
Niaudet and Renée Habib as major representatives [17, 
18]. Severe cases of crescentic pediatric IgAN referred to 
the Necker Hospital were described and successfully 
treated with pulse steroid therapy [18]. A recent report 
from the Necker and Debré Hospitals in Paris [19] has 
reported on the results of CS/IS therapy in a cohort of pe-
diatric IgAN with rather unusual severe clinical and his-
tological presentation. This cohort of 82 French children 
with IgAN presented with an age and gender distribution 
similar to those of to the VALIGA multi-country cohort, 
but the history of gross hematuria was more frequent 
(33%) as well as the presence of acute kidney failure (25%) 
or nephrotic range proteinuria (7% of the cases) at the 
time of biopsy. The MEST-C distribution was much more 
severe than in previously reported national or pan-Euro-
pean cohorts (M1, 80%; E1, 71%; S1, 61%; C, 46%), while 
tubular-interstitial lesions were exceptional (T1–2, 1%). 
The reason for this difference in MEST-C lesions is likely 
due to the short time elapsed between clinical onset and 
renal biopsy, since the median time from onset to biopsy 
was shorter than 2 months. The prompt indication to per-
form renal biopsy may favor the detection of acute or ac-
tive renal lesions, while the prolongation of waiting time 
before renal biopsy is correlated with a reduction in M 
and E lesions but with an increase in tubulointerstitial 
damage [20]. The enrolment of early active cases without 
chronic lesions allowed a comparison, though not bal-
anced, between 2 groups of children with different treat-
ments as detailed below.
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Treatment of Pediatric IgAN in Europe

In Europe as well as in Asia, one of the first treatments 
considered for IgAN, particularly in children with recur-
rent gross hematuria, has been tonsillectomy. However, 
the results gathered in Europe (though never confirmed 
by randomized controlled trials [RCTs]) failed to show 
significant benefits in adults, which did not encourage the 
choice of tonsillectomy in children with IgAN [21]. In 
Europe, tonsillectomy is indicated when tonsils are a true 
infectious focus, in case of recurrent tonsillitis (> 3 per 
year). In children with IgAN, this choice is usually made 
when there is an infective focus associated with recurrent 
gross hematuria. 

The use of RASBs has a strong rationale in IgAN, not 
only because these drugs improve 2 principal progression 
factors (hypertension and proteinuria), but because they 
can inhibit the long series of potentially negative effects 
caused by angiotensin II on mesangial cells, particularly 
in the presence of mesangial immune deposits [22]. We 
performed the first European multicenter RCT including 
children and young subjects with a constant level of pro-
teinuria (> 1 and < 3.5 g/day/1.73 m2 over the 3 months 
before enrolment) and normal or moderately reduced re-
nal function [23]. Patients randomized to receive benaz-
epril 0.2 mg/kg/day for 42 months showed a significant 
protection against a 30% decline in eGFR and/or worsen-
ing of proteinuria to the nephrotic range in comparison 
to the placebo group. A stable remission of proteinuria 
was observed in 56% of patients on treatment versus 8% 
of those on placebo. The multivariate analysis showed 
that treatment with RASB was an independent predictor 
of prognosis. This RCT was considered by the KDIGO to 
suggest RASB treatment for children with IgAN and per-
sistent proteinuria > 1 g/day (suggesting also to expand 
the indication to children with proteinuria > 0.5 g/1.73 
m2/day) [24]. Only in cases with persistent proteinuria 
after 3–6 months on RASB, the KDIGO suggested 6 
months of CS/IS therapy. 

However, in children, at variance with adults, it is not 
common to detect slowly progressive cases of IgAN, 
which can wait for 6 months on supportive care with 
RASB alone. Pediatric nephrologists have always been 
worried about a subtle progression not completely 
blocked by RASB and needing a more aggressive anti-
inflammatory treatment with CS/IS drugs. In Japan, a 
RCT obtained good results treating children with severe-
ly proliferative IgAN over 2 years with CS/IS drugs in 
combination with antiplatelets and anticoagulants [25]. 
The results lasted for a decade after the end of treatment 

[26]; however, the side effects of this long-term heavy 
therapy were of some relevance. In Europe, much of the 
interest was focused on treating acute cases presenting 
with crescents and compromised renal function, with a 
few months of treatment obtaining encouraging results 
without side effects in some case series [18, 27, 28].

A great present debate in Europe as well as all over the 
word is about the use of steroids in adult patients with 
IgAN [29], and this is reflected in children as well. Differ-
ences in treatment exist among countries, but in general, 
in Europe CS are more used in pediatric than in adult pa-
tients, with the rationale of treating early acute disease 
before the development of irreversible changes. 

A recent report from 2 hospitals in Paris, gathering 82 
cases of pediatric IgAN (described above), suggests ben-
efits of an early aggressive CS/IS therapy in children with 
IgAN and severe clinical and pathological features [19]. 
Children were divided retrospectively into 2 groups, one 
treated with CS (some in association with cyclophospha-
mide) and supportive care (RASB) and the other treated 
by RASB alone. The children in the 2 groups were very 
different for proteinuria (median baseline values 1.6 vs. 
0.3 g/g protein/creatinine; p < 0.001). Moreover, MES-C 
scores were significantly different between the 2 groups. 
Hence, the choice of treating the children was dictated by 
a medical decision based on the severity and possible the-
oretical benefit of CS/IS because of the activity of the dis-
ease in individual cases. A great benefit of CS/IS therapy 
was reported, as eGFR in the CS/IS group was significant-
ly improved after 6 months of treatment from 90 to 110 
mL/min/1.73 m2 (p < 0.001). Proteinuria significantly de-
creased from 1.6 to 0.3 g/g (p < 0.001). In the supportive 
care group, eGFR and proteinuria remained stable. Podo-
cytopathic features (tip lesions, found in 9 patients treat-
ed and in 3 in the control group) suggested a negative 
predictive value, though the limited number of cases ren-
ders this observation rather preliminary. MEST-C scores 
were not predictive of outcome, but this is likely to be due 
to the favorable evolution of most cases, which blunted 
the risk factor value. In conclusion, this study indicates in 
a rather large cohort of European children with IgAN and 
acute and active onset, who received renal biopsy within 
a few weeks from onset, that there is an improvement as-
sociated with CS/IS treatment, and no relevant adverse 
effects were reported. Though these results have been 
produced by a retrospective noncontrolled study, the ex-
cellent outcome of severe cases has to be considered. The 
use of CS in children with IgAN and active clinical and 
histological features is rather common in Europe. The se-
verity and frequency of side effects is not reported to be 
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severe, probably because prolonged treatment is avoided. 
The Japanese reports on an increase in T lesions in chil-
dren in whom the decision for renal biopsy was delayed 
or when CS were not used [25, 26] have further stressed 
the attitude for Europe to treat progressive IgAN in chil-
dren with aggressive therapy [18, 27, 28]. In Europe, the 
results of the long-term follow-up of the VALIGA study 
[13] clearly indicated that when T lesions develop, the 
disease enters a relentless phase of progression, and that 
M1, S1, and also C lesions in untreated cases can have an 
impact on disease outcome decades later in children as 
well as in adults. 

These considerations tend to suggest adopting a rather 
aggressive therapy for children with IgAN, considering 
the long life expectancy and the limited side effects of 
short-term CS/IS therapy [30]. Anyway, future RCTs are 
needed to estimate the lowest dose of CS/IS which pro-
duces benefits and to carefully report the side effects also 
in the long-term follow-up [31].

Children with IgAN may present acute onset more fre-
quently than adults, with acute nephritic syndrome or 
heavy proteinuria and sometimes with acute kidney in-
jury, which is likely due to a peculiar response of the im-
mune system to a triggering event. Remissions, either 
spontaneous or induced by treatment, are common [32], 
but the initial immune system dysregulation likely per-
sists a lifetime in most cases, and a not negligible percent-
age of children with IgAN are exposed to progressive re-
lentless loss of renal function. Treatments given for a long 
time, with minimal side effects, are the next hope for these 
children, and Europe and the whole nephrology commu-
nity are awaiting new results, hoping to find less toxic and 
more efficient drugs, which are particularly needed in 
children with IgAN [33].
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