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Abstract 
Henoch-Schönlein purpura (HSP) is a vasculitis occurring predominantly in 
children. Symptoms of HSP typically manifest in the skin, joints, gastrointestinal 
tract, and kidneys; the severity of kidney symptoms principally determines the 
long-term outcome of HSP. The pathophysiology and optimal treatment of HSP 
nephritis (HSN) is still unclear. The International Study of Kidney Disease in 
Children (ISKDC) classification is a classic and widely used histological scoring 
system for HSN. It is based primarily on the percentage of glomeruli with 
crescents. HSN has common pathophysiologic features with IgA nephropathy 
(IgAN). The Oxford classification for histologic classification for IgAN appeared in 
2009. However, its feasibility in HSN is still unclear. 

This thesis aimed to evaluate the prognostic capability and clinical utility of 
diagnostic and follow-up kidney biopsies in HSN, to describe the long-term 
outcome of HSN patients treated in Finland with methylprednisolone (MP) 
pulses and cyclosporine A (CyA), and to perform a genome-wide association 
study (GWAS) in HSP patients. 

Histologic findings from diagnostic kidney biopsies in 53 pediatric HSN patients 
were retrospectively scored with the ISKDC classification and a new 
semiquantitative classification (SQC). SQC takes into account 14 histologic 
variables and divides them into activity and chronicity scores. HSN patients were 
categorized into those with favorable and unfavorable outcome according to 
their latest laboratory results; active kidney disease or reduced kidney function 
denoted unfavorable outcome. The ability of the ISKDC classification and SQC to 
predict unfavorable outcome was evaluated comparatively with two methods: 
receiver operating characteristics and logistic regression analyses. According to 
results from both analyses, SQC seemed better in predicting patient outcome 
than the ISKDC classification. Our results thus suggest that it is possible to 
develop a more sensitive histologic classification for HSN than the current ISKDC 
classification. 

Serial kidney biopsies were evaluated from 26 HSN patients. Median time 
between diagnostic and follow-up biopsy was 2.1 years. In addition to the ISKDC 
classification and SQC, biopsies underwent evaluation with the Oxford 
classification. Eleven patients had no proteinuria and fifteen patients had 
proteinuria at the follow-up biopsy; these patients formed groups I and II, 
respectively. Analysis also involved expression of pro-fibrotic and inflammatory 
molecules in diagnostic biopsy samples. SQC activity scores decreased in 21 
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(81%) patients and SQC chronicity scores increased in 22 (85%) patients. The 
active and chronic parameters of the Oxford classification showed similar 
results. These changes in the SQC and Oxford classification occurred similarly in 
groups I and II. All five patients with unfavorable outcome had proteinuria at the 
follow-up biopsy (group II). Expression of pro-fibrotic and inflammatory 
molecules showed no clinically significant difference between groups I and II. 
Our results suggest that in predicting the outcome of HSN, follow-up kidney 
biopsies provide limited additive information to ongoing clinical symptoms. 
Long-term follow-up after severe HSN is nonetheless needed as also patients 
with favorable outcome developed progressive chronic lesions in the follow-up 
biopsy. 

The outcome of 62 pediatric HSN patients treated with MP pulses and CyA was 
studied after a mean follow-up of 10.8 years. Forty-two were initially treated 
with MP pulses and 20 with CyA. One patient developed kidney failure and one 
patient had reduced kidney function; both received MP pulses as an initial 
treatment. These two patients account for 3% of the whole cohort. Additionally, 
18 (29%) patients had persisting urinary abnormalities, which justifies long-term 
follow-up after severe HSN. 

GWAS was performed for 46 HSP samples against a reference population 
comprising 18,757 Finnish bone marrow and blood donor samples. Forty-two 
(91%) HSP patients had undergone kidney biopsy. Analysis also involved 
imputation of human leukocyte antigen (HLA) alleles. GWAS revealed several 
polymorphisms from the HLA region in chromosome 6 that were associated with 
HSP. Three HLA class II alleles (DQA1*01:01, DQB1*05:01, and DRB1*01:01) also 
occurred significantly more frequently in HSP than in the reference population; 
a haplotype containing these three alleles occurred in 44% of the HSP patients 
and in 15% of the reference population. Our results suggest that haplotype 
DQA1*01:01/DQB1*05:01/DRB1*01:01 is associated with HSP susceptibility in 
Finnish HSN patients. 
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Tiivistelmä 

Henoch-Schönleinin purpura (HSP) on pääasiassa lapsilla esiintyvä vaskuliitti, 
jonka tyypillisiä oireita ovat iho-, vatsa-, nivel- ja munuaisoireet. HSP:n 
pitkäaikaisennuste on riippuvainen munuaisoireiden vaikeusasteesta. HSP:n 
aiheuttaman munuaistulehduksen (HSN) tarkka syntymekanismi ja optimaalinen 
hoito eivät ole selvillä. HSN:n munuaiskoepalalöydöksien luokittelussa on usein 
käytetty ISKDC:n (International Study of Kidney Disease in Children) histologista 
luokittelujärjestelmää, joka perustuu lähinnä munuaiskoepalassa havaittavien 
kresenttimuutosten esiintyvyyteen. IgA nefropatiaa (IgAN) pidetään HSN:n 
sukulaistautina, koska tautien yhtenevistä syntymekanismeista on viitteitä. 
Oxford-luokittelu julkaistiin IgAN:n histologiseksi luokittelujärjestelmäksi 
vuonna 2009. Sen soveltuvuus HSN-potilailla on kuitenkin vielä epävarmaa. 

Väitöskirjatyön tarkoituksena oli kuvata diagnoosivaiheen munuaiskoepalan 
sekä kontrollikoepalan ennusteellista sekä kliinistä merkitystä, selvittää 
metyyliprednisolonihoitoa (MP-pulssihoitoa) sekä siklosporiini A (CyA) -hoitoa 
saaneiden HSN-potilaiden pitkäaikaisennustetta ja tutkia HSP:n mahdollista 
geneettistä taustaa genominlaajuisella assosiaatiotutkimuksella (GWAS).  

Viidenkymmenenkolmen HSN-potilaan diagnoosivaiheen munuaiskoepalojen 
löydökset pisteytettiin ISKDC-luokituksella sekä SQC:llä. Tarkoituksena oli 
selvittää, kumpi luokittelu ennustaa paremmin potilaiden huonoa 
lopputulemaa. SQC huomioi yhteensä 14 munuaishistologista löydöstä ja jakaa 
ne aktiivisiin sekä kroonisiin histologisiin muutoksiin. Potilaat jaettiin viimeisen 
kontrollikäynnin laboratoriotulosten perusteella hyvän ja huonon lopputuleman 
potilaisiin. Huonon lopputuleman ryhmä käsitti potilaat, joilla oli alentunut 
munuaistoiminta tai virtsalöydösten perusteella aktiivinen munuaistauti. ISKDC-
luokittelua ja SQC:tä vertailtiin receiver operating characteristic (ROC) -käyrien 
ja logistisen regressioanalyysin perusteella. Kummankin analyysin tulokset 
viittaavat siihen, että SQC ennustaisi paremmin huonoa lopputulemaa. 
Tulostemme perusteella näyttäisi olevan mahdollista luoda nykyistä ISKDC-
luokittelua parempi histologinen HSN-luokittelujärjestelmä. 

Kontrollimunuaiskoepalan merkitystä tutkimme 26 HSN-potilaan aineistolla. 
Heiltä oli otettu koepala diagnoosivaiheessa sekä kontrollinäyte keskimäärin 2.1 
vuotta myöhemmin. Koepalat pisteytettiin ISKDC-luokittelulla, SQC:llä sekä 
Oxford-luokittelulla. Diagnoosivaiheen koepaloista selvitimme myös 
tulehdukseen tai sidekudosmuodostuksen kehittymiseen viittaavien 
molekyylien esiintymistä. Yhdellätoista potilaalla ei ollut kontrollikoepalan 
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ottohetkellä valkuaisvirtsaisuutta (ryhmä I), kun taas lopuilla 15 potilaalla 
todettiin valkuaisvirtsaisuutta (ryhmä II). SQC:n aktiivisuuspisteet laskivat 21 
(81%) ja kroonisuuspisteet nousivat 22 (85%) potilaalla. Oxford-luokituksen 
aktiiviset ja krooniset muutokset muuttuivat vastaavalla tavalla koepalojen 
välillä. SQC:n ja Oxford-luokitusten muutokset tapahtuivat samalla tavalla 
ryhmissä I ja II. Kaikki viisi huonon lopputuleman potilasta olivat pitkittyneen 
valkuaisvirtsaisuuden ryhmässä II. Tulehdukseen tai sidekudoksen 
kehittymiseen liittyvien molekyylien esiintymisessä ei ollut kliinisesti 
merkitsevää eroa ryhmien I ja II välillä. Kontrollimunuaiskoepalan kliininen 
merkitys on tutkimuksemme perusteella vähäinen, sillä aktiiviset muutokset 
vähenivät ja krooniset muutokset lisääntyivät kliinisestä tilanteesta riippumatta. 
HSN-potilaiden pitkäaikaisseuranta taudin alkuvaiheen jälkeen on tärkeää, koska 
myös hyvän lopputuleman potilaiden munuaiskoepaloissa oli nähtävissä 
merkkejä lisääntyneistä kroonisista muutoksista. 

MP-pulssihoidon ja CyA:n pitkäaikaishoitotuloksia vaikean HSN:n hoidossa 
selvitettiin 62 HSN-potilaan seurantatutkimuksessa, jossa keskimääräinen 
seuranta-aika oli 10.8 vuotta. Potilaista 42 oli saanut MP-pulssihoitoa ja 20 CyA-
hoitoa. Yhdellä potilaalla todettiin loppuvaiheen munuaisten vajaatoiminta ja 
samoin yhdellä potilaalla kohtalainen munuaisten vajaatoiminta. Näiden 
potilaiden osuus koko kohortista oli 3 %. Lisäksi 18 (29 %) potilaalla todettiin 
poikkeavia virtsalöydöksiä, minkä vuoksi vaikean HSN:n sairastaneet potilaat 
tarvitsevat pitkäaikaista seurantaa MP-pulssihoidon ja CyA-hoidon jälkeenkin.  

GWAS-tutkimus tehtiin 46 HSP-potilaan aineistolla, jossa 42 potilaalta oli otettu 
munuaiskoepala. Verrokkiaineistona toimi 18 757 suomalaisesta luuydin- ja 
verenluovuttajista koottu aineisto. GWAS-tutkimuksessa löydettiin human 
leukocyte antigen (HLA) -alueelta kromosomista 6 useita polymorfismeja, jotka 
yhdistyivät HSP:aan. Genotyypityksen jälkeen aineistolle tehtiin myös HLA-
alueen imputaatio. Kolme HLA-luokan II alleelia (DQA1*01:01, DQB1*05:01 ja 
DRB1*01:01) olivat merkitsevästi yleisempiä HSP-potilailla kuin 
verrokkiaineistossa. Näiden kolmen alleelin muodostama haplotyyppi esiintyi 44 
prosentilla HSP-potilaista ja 15 prosentilla verrokkiaineistossa. Tulostemme 
mukaan suomalaisilla HSN-potilailla HLA-haplotyyppi DQA1*01:01 / 
DQB1*05:01 / DRB1*01:01 liittyy mahdollisesti alttiuteen sairastua HSP:aan. 
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Abbreviations 

α-SMA Alpha smooth muscle actin 
ACE-I Angiotensin-converting enzyme inhibitors 
ACR American College of Rheumatology 
AIC Akaike information criterion 
ANCA Anti-neutrophil cytoplasmic antibody 
ARB Angiotensin receptor blocker 
AUC Area under the curve 
C Crescents (in the Oxford classification) 
CHCC Chapel Hill Consensus Conference 
CI Confidence interval 
CKD Chronic kidney disease 
CKD-EPI Chronic Kidney Disease Epidemiology Collaboration 
CP Cyclophosphamide 
CyA Cyclosporine A 
dU-Prot Daily urine protein excretion 
eGFR Estimated glomerular filtration rate 
ECM Extracellular matrix 
E Endocapillary proliferation (in the Oxford classification) 
ESR Erythrocyte sedimentation rate 
ESRD End-stage renal disease 
EULAR European League against Rheumatism 
Gd-IgA1 Galactose-deficient immunoglobulin A1 
GFR Glomerular filtration rate 
GSA Global Screening Array 
GWAS Genome-wide association study 
HLA Human leukocyte antigen 
HSP Henoch-Schönlein purpura 
HSN Henoch-Schönlein purpura nephritis 
IBD Inflammatory bowel disease 
IgA Immunoglobulin A 
IgAN IgA nephropathy 
IgG Immunoglobulin G 
IgM Immunoglobulin M 
ISKDC International Study of Kidney Disease in Children 
IQR Interquartile range 
KDIGO Kidney Disease: Improving Global Outcomes 
LD Linkage disequilibrium 
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MMF Mycophenolate mofetil 
MMR Measles-mumps-rubella 
MP Methylprednisolone 
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PC Principal component 
PRES Paediatric Rheumatology European Society 
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PSGL-1 P-selectin glycoprotein ligand-1 
RCT Randomized controlled trial 
ROC Receiver operating characteristic 
RR Relative risk 
S Segmental sclerosis / adhesion (in the Oxford classification) 
SD Standard deviation 
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SHARE Single Hub and Access point for paediatric Rheumatology in 

Europe 
SQC Semiquantitative classification 
T Tubular atrophy / interstitial fibrosis (in the Oxford classification) 
UP/C Urine protein to creatinine ratio 
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1. Introduction 
Henoch-Schönlein purpura (HSP) is an immunoglobulin A (IgA) -mediated small 
vessel vasculitis occurring more commonly in children than in adults. The annual 
incidence in pediatric population is 3–55.9/100,000. In Finland, approximately 
200 children are diagnosed annually with HSP. Its typical clinical presentation 
includes skin, joint, gastrointestinal tract, and kidney symptoms, but other 
organs may also occasionally be affected. The etiology of HSP is still unresolved. 
Environmental factors such as infectious diseases, drugs, and vaccines have been 
suggested as triggering factors, while genetic factors may play a role in 
predisposing to HSP [1-3]. 

The disease course in HSP is usually self-limiting. Some patients, however, may 
develop long-term kidney complications such as hypertension, proteinuria, 
kidney insufficiency, or kidney failure, for which the severity of the kidney 
involvement is the most important prognostic factor. Due to the possibility of an 
unfavorable kidney outcome, patients with severe Henoch-Schönlein nephritis 
(HSN) have been treated with several treatment approaches including 
corticosteroids and other immunosuppressive drugs, rituximab, plasmapheresis, 
angiotensin-converting enzyme inhibitors (ACE-I), and tonsillectomy. Evidence-
based treatment data for HSN is scarce and the optimal treatment of severe HSN 
is unclear [4, 5]. 

Kidney biopsy is recommended for HSN patients presenting signs of severe or 
persistent renal involvement [6]. The kidney biopsy findings in HSN are graded 
according to the International Study of Kidney Disease in Children (ISKDC) 
classification, which appeared in 1977. The ISKDC classification divides the 
kidney biopsy lesions into six grades, which are based mainly on the percentage 
of glomeruli with crescents [7]. By focusing almost solely on crescents, however, 
it ignores other possibly significant histologic parameters. Some pediatric 
nephrologists have therefore expressed a need for a new histologic classification 
system for HSN, similarly to the Oxford classification published a decade ago for 
IgA nephropathy (IgAN), a disease with similar renal histology to HSN [4]. 

The aims of this thesis were to evaluate the role of kidney biopsy in HSN-
outcome prediction, to describe the clinical outcome of HSN patients treated 
with methylprednisolone (MP) pulses and cyclosporine A (CyA), and to assess 
possible genetic factors associated with HSP. 
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2. Review of the literature 
2.1 History of Henoch-Schönlein purpura 

In 1801, the English physician William Heberden published his observations on a 
5-year-old boy with gastrointestinal symptoms, joint pain, purpuric rash, and 
macroscopic hematuria [8]. In 1837, Johann Schönlein described the association 
between joint symptoms and purpura, naming the clinical entity peliosis 
rheumatic [9]. Later, Eduard Henoch, a former pupil of Schönlein, also 
recognized gastrointestinal and kidney involvement as clinical symptoms of the 
same disease [10, 11], after which the disease acquired the name HSP. The 
literature includes also other terms for HSP, such as anaphylactoid purpura [12], 
Schönlein-Henoch purpura [13], Schönlein-Henoch syndrome [14], and Henoch-
Schönlein syndrome [15].  

Later advances regarding HSP include the discovery of the vasculitic nature of 
the disease [14] and demonstration of IgA deposits as a pathologic feature of 
HSP [16]. More recently, the International Chapel Hill Consensus Conference 
(CHCC), held in 2012, revised the nomenclature of vasculitides. In the revised 
nomenclature, one aim was to replace eponyms with more disease process -
specific names when adequate knowledge of the disease pathophysiology exists. 
With this in mind, HSP was renamed IgA vasculitis by the 2012 CHCC [17]. In this 
thesis, however, the disease is still referred to as HSP. 

2.2 Clinical manifestations and classification criteria 

HSP is a vasculitis that affects the small vessels in the circulatory system. Typical 
clinical manifestations of HSP occur in the skin, joints, gastrointestinal tract, and 
kidneys [12, 18, 19]. Other organs (e.g. the testis, brain, lungs, and heart) are less 
often affected [20]. Skin lesions are usually the presenting symptoms, but they 
may sometimes be preceded by joint or gastrointestinal involvement [18-20]. 
The location and extent of the affected blood vessels determine the symptoms 
of an individual patient [21].  

2.2.1 Clinical manifestations 

All HSP patients have palpable purpuric skin lesions (Figure 1), which are crucial 
for the diagnosis of the disease [22, 23]. They are typically slightly elevated and 
can vary from small petechiae to large ecchymoses. The diameter of a typical 
HSP skin lesion is 2 to 10 mm. In addition to the characteristic purpuric rash, 
some patients may develop nodular, macular, papular, or urticarial skin lesions. 
Bullous and vesicular lesions are rare in childhood-onset HSP. Purpuric lesions 
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are most commonly present in the buttocks and extensor surfaces of the lower 
extremities, but may also occur in the upper extremities, face, and trunk [19, 22]. 
The location of the skin lesions in HSP is thought to be gravity-dependent, 
explaining the predominance of lesions in the lower limbs [24].  

 

Figure 1. Typical purpuric rash in a HSP patient. 
Reproduced with permission from Wolters Kluwer Health, Inc. from Calvo-Río et al. 
Henoch-Schönlein in northern Spain: clinical spectrum of the disease in 417 patients 
from a single center. Medicine (Baltimore). Copyright © 2014 by Lippincott Williams & 
Wilkins. 

 

The clinical features of joint symptoms in HSP are arthritis and arthralgia. They 
are the second most common clinical manifestation in many patient series 
affecting roughly 70–90% of HSP patients. The feet, ankles, and knees are the 
typically affected sites whereas involvement of the upper extremity joints is less 
common. Joint symptoms are typically painful and cause functional limitation of 
the joint [18-20, 25]. 

Gastrointestinal symptoms occur in 50–75% of HSP patients. Of the 
gastrointestinal tract, the small intestine is the most commonly affected part. 
Typical symptoms include nausea, vomiting, bleeding, and colicky abdominal 
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pain localized to the epigastric and periumbilical region. The pain is caused by 
bowel angina and the symptoms worsen after eating [26]. Gastrointestinal 
bleeding can present as hematemesis, melena, gross bloody stools, or even 
asymptomatic fecal occult blood [18, 27]. The gastrointestinal symptoms are 
usually mild, but some patients develop more severe symptoms and require 
hospital treatment [18]. Protein-losing enteropathy may also occur and cause 
hypoalbuminemia also without nephritis [18] Intussusception is the most 
common acute complication. Its location in HSP is typically ileo-ileal, contrary to 
idiopathic intussusception, which is predominantly ileo-colic [26]. Other possible 
acute complications include bowel perforation and bowel obstruction [27]. 

Kidney symptoms in HSP manifest as hematuria and/or proteinuria. Gross 
hematuria may also occur. In a 2005 meta-analysis of twelve studies involving 
1133 unselected HSP patients, approximately one third developed HSN. Four 
fifths of them had isolated hematuria and/or proteinuria and one fifth were 
associated with nephritic or nephrotic syndrome [28]. HSN is rarely the 
presenting symptom of HSP [20] and the onset of HSN may indeed occur weeks 
or even months after the initial HSP episode [28]. In a Finnish cohort of 223 
unselected HSP patients, HSN occurred in 46% patients. The majority of the HSN 
patients (79%) had hematuria and/or non-nephrotic proteinuria whereas the 
rest (21%) developed nephrotic-range proteinuria or nephrotic-nephritic 
syndrome. HSN occurred a mean of 14 days after the onset of HSP, and in 98% 
of patients, HSN developed within two months of the onset [29]. 

In addition to the classical clinical quartet, HSP may occasionally affect other 
organs as well. Orchitis occurs in 9–14% of boys with HSP [18-20] and it may 
mimic testicular torsion [30]. Neurologic or pulmonary involvement in HSP is rare 
[15, 31]. Reported neurologic HSP symptoms include headache, reduced 
consciousness, seizures, focal neurological deficits, visual abnormalities, verbal 
disability, and cranial or peripheral neuropathy. HSN-related severe 
hypertension may also cause neurologic symptoms [15]. The most common 
clinical presentation of pulmonary involvement in HSP is diffuse alveolar 
hemorrhage, which can be fatal [31]. Case reports have also described cardiac 
involvement in HSP [32]. 

Recurrences of HSP symptoms after the initial episode are common. Reported 
rates vary between 3–66% due to variabilities in study design and in the 
definition of recurrence [21, 33]. Recurrences are more frequent within the first 
four months after the disease onset [20], but can occur even a decade later [34]. 
Recurrences are usually milder and shorter in duration than the initial disease 
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and most patients develop only one relapse [18-20]. Cutaneous symptoms are 
the most common clinical feature in a recurrence, occurring with or without 
other symptoms of HSP [33, 35]. Reported risk factors for recurrences vary 
between studies and include clinical parameters such as joint and 
gastrointestinal manifestations [35], age over 10 years, persistent purpura and 
severe bowel angina [36], and age over 8 years and kidney involvement [18]. In 
addition, use of corticosteroids at disease onset associated with relapses in two 
retrospective studies [19, 35], but no association occurred when administration 
of corticosteroids was randomized [18].  

2.2.2 Classification criteria 

In 2010, the European League against Rheumatism (EULAR), the Paediatric 
Rheumatology International Trials Organisation (PRINTO), and the Paediatric 
Rheumatology European Society (PRES) proposed new classification criteria for 
pediatric vasculitides. Regarding HSP, these criteria include purpura or petechiae 
with lower limb predominance as an obligatory criterion and additionally, the 
presence of at least one of the following findings: abdominal pain, 
histopathology with predominant IgA deposits, joint symptoms, or kidney 
involvement (Table 1) [23]. 

 

Table 1. EULAR/PRINTO/PRES classification criteria for HSP 

Criterion Description 
Obligatory Skin lesionsa with lower limb predominanceb 
At least one of 
the following 
four criteria 

(1) Acute onset of diffuse abdominal pain, may include 
intussusception or gastrointestinal bleeding 
(2) Biopsy specimen showing leucocytoclastic vasculitis or 
proliferative glomerulonephritis, both with predominant IgA 
deposits 
(3) Arthritis or arthralgia with acute onset 
(4) Kidney involvement defined as hematuria and/or 
proteinuria 

aPurpura or petechiae, thrombocytopenia excluded 
bDemonstration of IgA deposits in a biopsy specimen is required if the skin lesions are 
not typically distributed 
Modified from reference [23]. 
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When comparing HSP patients to a control group of patients with other 
childhood vasculitides, the EULAR/PRINTO/PRES criteria showed 100% 
sensitivity and 87% specificity [23]. For pediatric patients, the 
EULAR/PRINTO/PRES criteria for vasculitides superseded the 1990 American 
College of Rheumatology (ACR) criteria [37], which originated from adult data 
and were therefore problematic when applied to pediatric population [38]. 
EULAR/PRINTO/PRES criteria have later shown higher sensitivity and specificity 
than the ACR criteria also in adult HSP patients [39]. 

2.3 Epidemiology 

HSP is the most common vasculitis occurring in childhood [40] with an annual 
incidence of 3–55.9 new cases per 100,000 children [2, 3]. The variance in the 
reported frequency data is at least partly due to differences in the classification 
criteria and methodologies used in the epidemiologic studies [2]. Incidence is 
highest in children aged between 3–7 years [40-42] and most patient series have 
a minor predominance of males [22]. HSP occurs more commonly in the autumn, 
winter, and spring months and less frequently during the summer [3, 19, 41-43]. 

Some studies performed in ethnically diverse populations also indicate that 
ethnic background may influence the risk of HSP. White and Asian children had 
a 3- to 4-fold higher incidence than black children in a British study [40], whereas 
in a French cohort, 23% of HSP patients were of North African descent, which 
appears to be higher than their proportion in the general population [44]. In 
Finland, the annual incidence of HSP patients with nephrotic-range proteinuria, 
a small subgroup of all HSP patients, is 2 cases per 1 million children below the 
age of 15 years [45]. The annual incidence rates of HSP in adult populations vary 
between 0.8 and 1.8 per 100,000 [2].  

2.4 Etiology 

The clear seasonal variation in the occurrence of HSP may point to an infectious 
stimulus in the disease pathogenesis [3, 44]. Indeed, an upper respiratory tract 
infection precedes the onset of HSP in 36–73% of cases, whereas gastrointestinal 
and urinary tract infections may also occur prior to HSP in a few patients [18, 41, 
44, 46]. HSP has been linked to numerous pathogens including different bacteria, 
viruses, and parasites [2, 18]. Even though up to 30–50% of HSP patients have 
signs of a previous streptococcal infection, no single causative infectious trigger 
seems to exist [18, 22]. A South Korean study including almost 17,000 pediatric 
HSP patients compared the seasonal occurrence of HSP with the epidemic 
patterns of 12 viruses. HSP occurrence in the whole cohort showed significant 
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correlation with the occurrence of influenza virus and rotavirus. In addition, the 
epidemic patterns of respiratory syncytial virus, influenza virus, norovirus, 
bocavirus, and rotavirus correlated with the seasonal occurrence of HSP in at 
least one onset group (infancy, early childhood, middle childhood, adolescence) 
when analyzed separately [43]. 

In addition to infectious agents, different drugs and vaccines have been 
proposed as etiologic factors for HSP. A recent case-control study showed no 
increased risk of HSP development with any of the analyzed drugs (including 
antibiotics, analgesics, corticosteroids), but suggested an elevated risk for 
measles-mumps-rubella (MMR) vaccine. In another study, common vaccines 
including MMR showed no increased risk for HSP. Less than 4% of HSP patients 
in both studies were vaccinated against MMR and therefore the absolute MMR-
induced increased risk, if any, is very low [47, 48]. In adults, HSP has been 
associated with cancer. Genetic factors may also affect the susceptibility to HSP 
[2]; these aspects are discussed later in the thesis. 

2.5 Pathogenesis 

HSP is a small vessel vasculitis mediated by deposits of IgA, but much is still 
unknown concerning the HSP and HSN pathophysiology [49]. IgA is an important 
antibody class participating in the immune protection of mucosal areas (e.g. in 
gastrointestinal, respiratory, and genitourinary tracts), while occurring also in 
serum. IgA consists of two Fab regions attached to an Fc-tail via flexible hinge 
regions; the whole IgA molecule possesses a letter Y-like appearance. IgA occurs 
in the serum mostly in monomeric form, whereas when secreted into mucosal 
surfaces, it is typically polymeric (mainly dimeric). Humans have two subclasses 
of IgA, named IgA1 and IgA2. IgA in the serum and external secretions consists 
predominantly of the subclass IgA1 [50].  

HSN and IgAN, a disease with kidney features similar to HSN, are characterized 
by glomerular IgA1 deposition. The IgA1 molecules in both diseases are 
abnormally glycosylated, lacking galactose content in the hinge region resulting 
in galactose-deficient IgA1 (Gd-IgA1) [49]. A recent study demonstrated that Gd-
IgA1 was present in the glomeruli of IgAN and HSN patients, but not in other 
renal diseases with IgA deposits [51]. Circulating Gd-IgA1 levels may also be 
elevated in healthy relatives of IgAN and HSN patients, implying that they alone 
are not sufficient to induce either disease [52]. Therefore, multi-hit hypothesis 
has emerged concerning the pathogenesis of IgAN and HSN. After the increase 
in levels of circulating Gd-IgA1, the second hit is presumably the synthesis of 
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antibodies directed against Gd-IgA1. The origin of these antibodies is unknown. 
The third hit is the formation of Gd-IgA1-containing immune complexes. 
Normally, the liver clears out small circulating immune complexes, but the 
formed Gd-IgA1-containing immune complexes may be too large to reach 
efficiently the hepatocytes responsible for their catabolism, thus leading to 
enhanced levels in the circulation. Fourthly, these immune complexes bind to 
the mesangial cells in the renal glomeruli, activate them, and ultimately initiate 
renal injury by triggering mesangial proliferation, matrix production, and 
secretion of several factors including cytokines and chemokines [49, 53, 54]. 

The role of Gd-IgA1 in the pathogenesis of extrarenal HSP symptoms is unclear 
[49]. Several studies have suggested that HSN patients present with elevated 
serum Gd-IgA1 levels similarly to IgAN, whereas HSP patients without kidney 
involvement show no difference to healthy controls [55-57]. A recent study, 
however, demonstrated the presence of perivascular Gd-IgA1 deposition in the 
skin biopsy specimens of adult patients with HSP and HSN [58]. 

2.6 Immunogenetics 

2.6.1 HLA-system 

The human version of the major histocompatibility complex is termed human 
leukocyte antigen (HLA) system, and it plays a crucial role in immunological 
responses. It is a genetically complex region located on chromosome six and 
contains more than 200 genes. The HLA genes are also the most polymorphic 
genes in the human genome with more than 13,000 known alleles. The HLA 
genes are divided into three classes, I, II, and III; genes participating in immune 
responses are in classes I and II. All nucleated cells express class I genes, whereas 
class II genes are expressed by certain specific cells of the immune system. The 
function of the HLA molecules is to present peptides of pathogen origin to T cells, 
thereby triggering a response from the adaptive immune system. The nature of 
the provoked immune response depends on the type of the HLA molecule, class 
I or II, that presents the pathogenic peptide. Several diseases show association 
with particular HLA alleles, but the underlying disease pathomechanisms are still 
unclear [59, 60]. 

2.6.2 Genetics of HSP 

Several factors suggest that genetics plays a role in the pathogenesis of HSP. 
Geographical differences in the incidence of HSP exist, with the highest rate 
being found in people of Asian descent [40]. There are also reports of familial 
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occurrence of HSP [61]. First-degree relatives of pediatric HSP patients also 
exhibit elevated serum levels of Gd-IgA1 [52]. In addition, even though no single 
gene has been found to cause HSP, several alleles of HLA classes I and II have 
been associated with an increased risk of HSP. Outside the HLA region, 
polymorphisms of genes of, for example, immune and inflammatory molecules 
(such as cytokines and chemokines) and the renin-angiotensin system have been 
linked to the disease pathogenesis [62]. It thus seems that environmental factors 
trigger HSP in genetically susceptible individuals [2]. 

Most of the studies assessing the genetic background of HSP have been 
candidate gene studies. In these, specific polymorphisms with known association 
with the disease or with biological function potentially associated with the 
disease have been under evaluation. In contrast, genome-wide association 
studies (GWAS) provide a broader and hypothesis-free analysis throughout the 
genome [62]. However, only one GWAS of HSP patients exists, comprising 285 
children and adults of Spanish descent. In this study, the strongest signal 
occurred in a linkage disequilibrium (LD) block of polymorphisms within a region 
of HLA class II genes HLA-DQA1 and HLA-DQB1. In addition, amino acid positions 
11 and 13 of HLA-DRB1, as well as a signal in class I gene HLA-B, were potentially 
relevant, but did not reach genome-wide level of significance [63]. 

2.7 Kidney anatomy and function 

The kidneys are located in the retroperitoneal space on both sides of the 
vertebral column. Their upper edge is at the level of the vertebra Th XII and the 
lower edge at the level of vertebra LIII. Kidneys are normally 11–13 cm in length 
and weigh approximately 120–170 g in adults [64]. The corresponding figures for 
a one-year-old infant are approximately 6 cm and 30–40 g, respectively [65, 66]. 
Figure 2 illustrates major kidney structures in a sectional drawing. The kidney of 
a young adult contains approximately 1 million nephrons, which are its main 
functional units. A nephron comprises a glomerulus and a tubule, which is 
divided further into several parts that span throughout the kidney structures. 
Glomeruli, located in the renal cortex, consist of a capillary network (also known 
as tuft) surrounded by Bowman’s capsule. The supporting structure of the tuft is 
called mesangium. The mesangium also possesses other functions including 
phagocytosis and the ability to contract [64]. 

The kidneys participate in several functions related to body homeostasis. These 
include the regulation of fluid and electrolyte balance, elimination of metabolic 
waste products, and influence on the acid-base balance. In addition, the kidneys 
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produce several hormones including erythropoietin, 1,25-
dihydroxycholecalciferol (calcitriol), and renin [67]. Glomerular filtration rate 
(GFR) serves as an indicator of kidney function in clinical practice. It describes 
the speed of ultrafiltration when blood passes through the glomerular 
capillaries. Direct measurement of GFR is impossible, and therefore methods 
exist for its indirect assessment. Measured GFR exploits exogenous filtration 
markers which are eliminated through the kidneys. Estimated GFR (eGFR) relies 
on the measurement of serum levels of endogenous filtration markers such as 
creatinine and cystatin C. Several equations based on these markers exist for 
calculating eGFR [68]. These include bedside Schwartz equation for pediatric 
patients [69] and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equation for adult patients [70]. When suspecting a disease affecting the 
kidneys, biopsy represents the gold standard test to diagnose kidney diseases 
[71]. 

 

 

 
Figure 2. Major structures of a kidney illustrated in a sectional drawing. The numbers in 
the Figure represent: (1) renal cortex, (2) renal medulla, (3) renal papilla, (4) renal calix, 
(5) renal pelvis, and (6) ureter.  
Reproduced with permission from Kustannus Oy Duodecim (Pasternack A. Munuaisen 
rakenne. Kuva 1.2. Munuaisen halkileikkauskuva. In the book: Pasternack A (ed.). 
Nefrologia. Helsinki: Kustannus Oy Duodecim, 2012). 
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2.8 Immunofluorescence and histopathologic findings in HSN and HSP 

HSN patients with severe or persistent kidney involvement should undergo a 
kidney biopsy [6]. Figure 3 presents typical immunofluorescence and histological 
findings of the glomerular lesions in HSN. The immunofluorescence finding is 
characterized by predominant glomerular deposition of IgA1. Typically, it 
manifests as diffuse and granular mesangial staining, but capillary wall staining 
may also occur. In addition, a large number of HSN patients also present 
glomerular deposition of immunoglobulin M (IgM), immunoglobulin G (IgG), 
fibrin, and various factors of complement, probably reflecting local immunologic 
activation and other components present in the immune complexes [5, 72]. 

Figure 3. Typical immunofluorescence finding (IgA) from a glomerulus in a HSN patient 
(upper figure). Light microscopy finding from a kidney biopsy in a HSN patient showing 
a glomerulus with endocapillary proliferation and crescent formation (lower figure). 
Reproduced with permission from Elsevier Inc. from Davin et al. What is the difference 
between IgA nephropathy and Henoch-Schönlein purpura nephritis? Kidney 
International. Copyright © 2001 International Society of Nephrology. 
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The deposition of the Gd-IgA1-containing immune complexes to the glomeruli 
induces the development of the pathologic lesions observed in HSN. The 
pathologic immune complexes bind to mesangial cells and activate them, 
subsequently leading to the characteristic histological finding in HSN, mesangial 
proliferation and increased mesangial matrix. Commonly occurring acute 
glomerular histological findings in the acute phase of HSN also include crescents, 
endocapillary proliferation, tuft necrosis, and inflammatory cell infiltration. 
Endocapillary proliferation and crescent formation are associated with 
simultaneous presence of capillary wall deposits of IgA1. Local complement 
activation may also play an important role in the pathogenesis of glomerular 
lesions such as crescents. More advanced signs in HSN include chronic 
histological findings such as segmental sclerosis and fibrous crescents [53].  

The kidney histologic findings may depend on the timing of the renal biopsy [53, 
73]. In a German cohort of 202 pediatric HSN patients, chronic lesions became 
more common with a longer delay of renal biopsy. Chronic lesions, defined as 
the presence of fibrous crescents, tubulointerstitial fibrosis, tubular atrophy, or 
glomerular sclerosis, occurred in approximately one fifth of biopsies performed 
within one month from HSN onset, whereas the proportion rose to roughly half 
in biopsies occurring later. Cellular crescents, representing acute lesions, 
occurred more commonly in early-performed biopsies. Interestingly, cellular 
crescent were not, however, associated with the degree of proteinuria [73]. 
Other studies have also shown that patients with mild clinical findings may 
present severe histological renal findings [74]. 

According to the EULAR/PRINTO/PRES classification criteria, skin biopsy may be 
justified if HSP diagnosis is uncertain [23]. Cutaneous biopsy from the edge of a 
fresh purpura lesion is most likely to show IgA deposits; if performed too 
centrally, the IgA deposits may have already disappeared due to proteolytic 
effects. In a histologic examination, cutaneous biopsy from a HSP patient 
presents as a leukocytoclastic vasculitis. It shows necrosis of vessel walls and 
perivascular accumulation of inflammatory cells within the dermis capillaries 
and postcapillary venules [75]. In addition to positive IgA staining, 
immunofluorescence from cutaneous lesion may show deposition of IgG, IgM, 
fibrin, and several factors of the complement [58, 75]. Intestinal biopsies also 
reveal leukocytoclastic form of vasculitis accompanied with IgA deposits [26].  
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2.9 Histologic classifications 

2.9.1 The International Study of Kidney Disease in Children 

In 1977, Counahan et al. introduced the ISKDC classification (Table 2) [7], which 
is a widely used histological scoring system for the evaluation of HSN-associated 
kidney histology. The ISKDC classification categorizes histologic findings into six 
different grades, mainly according to the proportion of glomeruli with crescents. 
The grades are further divided by the extent of mesangial proliferation (focal or 
diffuse). In addition, grade VI represents membranoproliferative-like lesions [7]. 

 

Table 2. The ISKDC classification 

Grade Description 
I Minimal changes 
II Mesangial proliferation 
III At least one crescent present, but crescents in < 50% of glomeruli. 

Focal (A) or diffuse (B) mesangial proliferation. 
IV Crescents in 50–75% of glomeruli.  

Focal (A) or diffuse (B) mesangial proliferation. 
V Crescents in > 75% of glomeruli.  

Focal (A) or diffuse (B) mesangial proliferation. 
VI Membranoproliferative glomerulonephritis 

Modified from reference [7]. 

 

2.9.2 The Oxford classification 

Following the effort by a working group of the International IgA Nephropathy 
Network and the Renal Pathology Society, the Oxford classification appeared in 
2009 as a histological scoring system for IgAN. It was based on a cohort of 265 
adults and children with IgAN, but HSN patients were excluded. Originally, the 
Oxford classification comprised four reproducible and independently predictive 
renal histologic parameters: mesangial proliferation (M), endocapillary 
proliferation (E), segmental sclerosis/adhesions (S), and tubular atrophy/ 
interstitial fibrosis (T) [76, 77].  

After the publication of the Oxford classification, independent and larger IgAN 
cohorts have confirmed the predictive value of each MEST parameter. In 
addition, when subsequently assessed in larger and less-restricted cohorts 
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compared to the original Oxford study, crescents have also shown independent 
predictive value. Crescents are therefore included in the revised Oxford 
classification published in 2017 by the IgA Nephropathy Classification Working 
Group (Table 3). However, due to the scarcity of validation studies, the working 
group did not yet recommend applying MEST-C to cases of HSN [78].  

 

Table 3. The updated Oxford classification 

Lesion Description 
M M0: < 50% of glomeruli with mesangial proliferationa 

M1: ≥ 50% of glomeruli with mesangial proliferationa 

E E0: absent 
E1: present 

S S0: absent 
S1: present 

T T0: 0–25% of cortical area affected 
T1: 26–50% of cortical area affected 
T2: > 50% of cortical area affected 

C C0: absent 
C1: at least one crescent present, but crescents in ≤ 25% of glomeruli 
C2: > 25% of glomeruli with crescents 

Note. A minimum of eight glomeruli in a biopsy specimen is required 
M, mesangial proliferation; E, endocapillary proliferation; S, segmental sclerosis 
and/or adhesions; T, interstitial fibrosis/tubular atrophy; C, crescents 
aDefined as more than four mesangial cells in any mesangial area 
Modified from reference [78]. 

 

2.9.3 Semiquantitative scoring system for IgAN 

A semiquantitative scoring system developed by Ronkainen et al. for kidney 
histologic analysis of IgAN appeared in 2006; an expanded version of the 
classification is provided in Table 7 (in section 4.2). It divides the histologic 
findings into active, chronic, and tubulointerstitial parameters, which are totaled 
as their respective indices. In the original study, the scoring system was used in 
a cohort of 31 biopsied childhood-onset IgAN patients who participated in a 
medical examination nearly two decades after the disease onset. In the analyzed 
cohort, biopsies of patients with poor outcome showed significantly higher 
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chronicity and total biopsy score than the biopsies of patients with good 
outcome [79]. 

2.9.4 Other classifications 

Descriptions of several other classifications evaluating glomerular, 
tubulointerstitial, and vascular parameters separately exist in the HSN-
associated literature [13, 80-83]. They are partly adopted from IgAN studies with 
some possible modifications, but none is widely used in clinical practice. 

2.10 Immunohistochemistry 

2.10.1 Markers of kidney fibrosis 

The ultimate outcome of progressive chronic kidney diseases is kidney fibrosis, 
affecting especially the tubulointerstitium. The development of kidney fibrosis is 
a complex process involving multiple cell types in the kidney as well as infiltrated 
cells including several inflammatory cells. Following tissue injury, inflammatory 
cells infiltrate into the affected areas. The inflammatory cells produce cytokines 
and profibrogenic molecules, which leads to the formation of extracellular 
matrix (ECM)-producing cells known as myofibroblasts. These cells produce ECM 
in excessive amounts, a process that ultimately leads to chronic kidney disease 
(CKD). This fibrotic process may be reversible at the early stages, but if the 
causative inflammation remains unresolved, it leads to chronic changes [84]. 

Several markers represent different aspects of the fibrotic process. Activated 
endothelial cells express P-selectin, for which P-selectin glycoprotein ligand 1 
(PSGL-1) serves as a ligand. PSGL-1 is expressed by leukocytes, and it plays an 
important role in their recruitment from the vascular system [85]. Alpha smooth 
muscle actin (α-SMA) is a characteristic component of myofibroblasts. It 
correlates with the abundance of renal fibrosis, and predicts decline in renal 
function [84]. Other myofibroblast markers include vimentin, nestin, fibroblast-
specific protein 1, CD73, and platelet-derived growth factor receptor β. 
However, all of these markers have some problems; for example, regarding their 
specificity to myofibroblasts [84]. 

2.10.2 Immunohistochemical markers in HSN and IgAN 

Reports on the expression of the molecules associated with the development of 
kidney fibrosis in patients with HSN are scarce. Kawasaki et al. studied α-SMA 
and c-MET in patients with HSN. C-Met serves as a receptor for hepatocyte 
growth factor, which possesses anti-fibrogenetic effects. They found that, in 
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patients with crescents in the first biopsy, the expression of α-SMA in the first 
biopsy correlated with the amount of chronic histologic findings in the second 
biopsy. C-MET showed no correlation with acute or chronic histology findings. 
Kawasaki et al. concluded that renal α-SMA may be associated with the 
progression of HSN-related renal injury [86]. In IgAN, tubulointerstitial 
expression of α-SMA and vimentin was lower in patients with only mild 
mesangial proliferation compared to patients with more severe histologic 
findings, suggesting that these markers may be useful in evaluating the 
prognosis of IgAN [87]. 

2.11 Outcome of HSN and risk factors for chronic kidney disease 

2.11.1 Outcome of HSN 

The severity of kidney involvement is the most important factor in determining 
the prognosis of HSP. The risk of CKD increases in parallel with the severity of 
the initial kidney involvement. The clinical course of HSN is nonetheless 
unpredictable, since patients with mild renal symptoms may develop CKD and 
patients with nephrotic/nephritic syndrome may heal spontaneously. The 
number of HSP patients developing CKD or kidney failure also depends on the 
patient material analyzed [5, 28, 53]. 

Some early cohorts of unselected HSP patients suggested that after 7–8 years of 
follow-up, 1–2% of patients develop CKD [88, 89]. In a meta-analysis of 12 
studies with 1,133 unselected children with HSP published in 2005, none of the 
patients with normal initial renal findings developed CKD. CKD occurred in 2% of 
patients with hematuria and/or non-nephrotic proteinuria and in 20% of those 
who presented with nephritic or nephrotic syndrome [28]. Later studies with 7–
8 years of follow-up have reported that 3–12% of unselected HSP patients 
present persistent proteinuria and/or hematuria, but renal insufficiency among 
these patients is rare [33, 34, 41]. 

Selected cohorts comprising HSN patients from tertiary centers show that of 
patients with initial nephritic and/or nephrotic syndrome, 26–47% develop CKD 
[45, 90-93]. The risk is reduced to 8–17% in patients with less severe initial kidney 
involvement [90-93]. Clinical recovery can also be transient, as patients can 
develop CKD after an apparent disappearance of clinical symptoms. This may 
occur even decades after the onset of HSP, emphasizing the need for long-term 
follow-up. The need for sufficient follow-up applies particularly to women with 
a history of HSN, since they may develop proteinuria, hypertension, and pre-
eclampsia during pregnancy, even with no pre-pregnancy symptoms. 
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Pregnancies may also have a deteriorating effect on subsequent kidney function 
[90-92]. 

In addition to the severity of initial kidney symptoms, several authors have 
described the importance of close observation of clinical features during follow-
up. These studies have revealed that high proteinuria levels during follow-up 
[94-96] and declined renal function at 3-year follow-up (eGFR below 70 
mL/min/1.73m2) [97] are associated with unfavorable outcome. In accordance 
with these results, the study by Wakaki et al. showed detriment of prolongation 
of nephrotic-state proteinuria beyond three months: 41% of these patients 
developed kidney failure, compared to none of those whose proteinuria 
subsided below nephrotic-range within three months [98]. 

Kidney involvement is more common and severe in adult HSP patients, and it 
leads to CKD more frequently than in children [81, 99]. According to a recent 
study, adult patients with minimal urinary findings (microscopic hematuria 
and/or proteinuria) are also at risk of developing CKD and therefore benefit from 
prolonged follow-up [100].  

2.11.2 Kidney histology as predictor of outcome 

The original study presenting the ISKDC classification [7] and its subsequent 
follow-up study [90] evaluated the prognostic significance of the classification. 
Albeit not being a perfectly precise determinant, the number of HSN patients 
developing CKD increased in parallel with the ISKDC grades. In the follow-up 
study with a mean follow-up of 23 years, the percentage of patients who 
developed CKD with each ISKDC grade was as follows: ISKDC grade I (0% with 
CKD), grade II (17%), grade III (24%), grade IV (56%), and grade V (67%) [90].  

Since then, a large number of studies on pediatric HSN have evaluated the 
prognostic capability of the ISKDC classification or crescents (as ISKDC mainly 
evaluates the quantity of crescents). Some studies have showed high ISKDC 
grades and/or crescents as predictive factors for CKD [92, 94, 96, 101], whereas 
in other studies no relationship occurred [45, 91, 102, 103]. In addition, patients 
with ISKDC grade II (mesangial proliferation without crescents) may be at risk of 
long-term complications. The study by Coppo et al. showed that after a mean 
follow-up of 4.8 years, almost 30% of patients with no crescents in kidney biopsy 
had impaired renal function or nephrotic proteinuria [102]. Recently, a study by 
Delbet et al. demonstrated that one fourth of patients with ISKDC grade II have 
persistent proteinuria after three years, thus carrying a risk for CKD. 
Interestingly, abundant proteinuria at disease onset was common in these 
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patients as only 18% had proteinuria below 1 g per liter [104]. Grade VI of the 
ISKDC classification is reserved for membranoproliferative-like lesions. These 
findings are rare in biopsied HSN patients with reported rates between 0% and 
5.7%. The outcome of patients with grade VI lesions is variable and studies report 
both complete healing of symptoms and kidney failure [7, 102, 103, 105, 106]. 

Several explanations exist for these discrepancies between kidney histology and 
outcome. These include possible spontaneous reversibility of crescents in some 
patients, prompt application of immunosuppressive therapies that may have 
hampered the prognostic value of biopsies, and the fact that the kidney biopsy 
specimen is only a small fragment of the kidney, thus enabling the possibility of 
over- or underrepresentation of histologic lesions [4]. In addition, it has been 
speculated that biopsy indications have changed during the last decades leading 
to earlier-performed biopsies in the newer cohorts. This possibly affects the 
prevalence of histologic findings and therefore hinders the comparison of 
different studies and their outcomes [95]. Indeed, studies have shown that renal 
histology findings in HSN depend on the timing of the biopsy [73, 80, 107].  

Finally, it is possible that histologic lesions not evaluated by the ISKDC 
classification contribute to the clinical course of HSN [4]. The study by Yang et al. 
demonstrated that among HSN patients with nephrotic-range proteinuria, 
proteinuria levels were highest in patients with diffuse endocapillary 
proliferative lesions but no crescents. Proteinuria levels also correlated 
positively with the percentage of glomeruli affected with endocapillary 
proliferation [108]. Tubulointerstitial lesions also correlate positively with 
clinical severity and negatively with serum albumin at disease onset, and their 
progression in control biopsies is associated with prolonged proteinuria [80, 
109]. A study by Edström Halling et al. also demonstrated that patients with poor 
outcome express more often segmental glomerulosclerosis and interstitial 
inflammation/fibrosis, and present more severe forms of mesangial proliferation 
and matrix expansion [94]. 

The Oxford classification for IgAN was introduced in 2009. In IgAN, the MEST-C 
parameters are predictive of outcome even decades after the renal biopsy [110]. 
Table 4 summarizes studies evaluating the feasibility of the Oxford classification 
in HSN patients. Three studies comprise pediatric patients [111-113], three 
comprise adult patients [106, 114, 115], and one study involves both children 
and adults [116]. Table 5 presents the frequencies of each MEST-C parameter in 
all seven studies.  
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Most studies of pediatric cohorts show that in univariable analyses, 
development of CKD associates with the chronic histologic parameters S and/or 
T. The association is less clear in multivariate analyses. In cohorts of adult HSN 
patients, E lesion is also frequently predictive of worse outcomes. Interestingly, 
none of the pediatric cohorts found C lesion to be as predictive of outcome, 
whereas in two adult cohorts it predicted outcome in univariate analyses. M 
lesion was predictive of outcome in one pediatric cohort and in no adult cohort. 

All studies include patients treated with immunosuppressive drugs and/or ACE-
Is, which can cause treatment-based bias. This may influence the results, 
particularly by reducing the predictive value of the acute lesions of the Oxford 
classification (M, E, and C), as is speculated in some reports [106, 112]. 

2.12 Risk factors for HSN 

Since the prognosis of HSP is dependent on the severity of its kidney component, 
several studies have addressed possible predictive factors for occurrence of HSN. 
When assessed in multivariable analyses, predictive factors for HSN include 
(severe) abdominal symptoms [25, 29, 111], persistent purpura [25, 36], 
atypically distributed purpura [111], raised erythrocyte sedimentation rate (ESR) 
[111], decreased serum level of plasma coagulation factor XIII [25], older age [29, 
36, 111], and relapse of HSP symptoms [29, 36]. In addition, a meta-analysis of 
13 studies revealed the following predictive factors for development of HSN: age 
over 10 years, male gender, gastrointestinal symptoms, joint symptoms, 
recurrence of HSP symptoms, persistent purpura, white blood cells over 15 x 
109/L, platelets over 500 x 109/L, elevated antistreptolysin O, and decreased 
complement component 3 [117]. In summary, it thus seems that older pediatric 
patients and those with more severe and prolonged extrarenal symptoms are 
more prone to develop HSN [118]. 

2.13 Laboratory findings, imaging, and differential diagnosis 

2.13.1 Laboratory findings and imaging 

The diagnosis of HSP is performed clinically and no specific diagnostic test exists. 
However, laboratory tests can be used to exclude other possible diagnoses, to 
search for a concurrent infection, recognize gastrointestinal and renal 
involvement, and assess severity of the disease. Imaging (usually ultrasound 
and/or X-ray) is sometimes warranted to diagnose or exclude HSP-related 
complications, such as gastrointestinal perforation or intussusception. Renal 
ultrasound may be eligible in the case of severe kidney involvement. In addition, 
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other imaging modalities and consultation of other specialists may be needed if 
other rare complications are suspected [6, 119].  

Initial laboratory investigations in HSP patients may show anemia, leukocytosis, 
and elevated values of ESR and C-reactive protein [6, 29]. Raised IgA levels are 
also a common finding, but they do not correlate with disease severity or with 
the occurrence on kidney involvement [29, 120]. Elevated levels of 
immunoglobulin E may also often occur, whereas serum IgG and IgM are seldom 
raised. A few patients may also present elevated or decreased levels of 
complement components 3 and 4 [29]. 

2.13.2 Diseases with purpura 

In the presence of typical purpuric rash, clinical diagnosis of HSP is usually 
apparent [120]. In some patients, however, gastrointestinal and joint symptoms 
may precede the rash, precluding correct diagnosis at that stage. This may in 
some rare cases lead to invasive surgical procedures [20]. Patients with 
septicemia, especially if caused by meningococcus, can have similar skin lesions 
to those observed in HSP. Patients’ clinical picture is, however, different, with 
septic patients usually being critically ill contrary to those with HSP. 
Thrombocytopenia and other clotting disorders must also be excluded [120, 
121]. Especially at the early stages, skin lesions of HSP may also resemble 
erythematous maculopapular or urticarial rash [6]. 

Other vasculitides to be considered in differential diagnostics, particularly in the 
case of atypical clinical picture, include granulomatosis with polyangiitis, 
systemic lupus erythematosus, hypersensitivity vasculitis, isolated cutaneous 
leukocytoclastic vasculitis, and microscopic polyangiitis. Some of these 
vasculitides can be distinguished from HSP by the presence of anti-neutrophil 
cytoplasmic antibodies (ANCA) or anti-nuclear antibodies [120, 121]. If 
uncertainty remains over the correct diagnosis, kidney or skin biopsy may in 
some cases be necessary [23]. 

2.13.3 IgA nephropathy 

The current consensus is that IgAN and HSP are related diseases characterized 
by aberrant IgA glycosylation [5, 49, 51, 53]. In both diseases glomerular 
predominant IgA deposits are detected, and from a kidney histology perspective 
the two diseases are indistinguishable. However, some histologic features occur 
at different frequencies in IgAN and HSN. For example, crescents and 
endocapillary proliferation are more commonly detected in HSN than in IgAN. In 
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accordance with this, capillary wall deposition of IgA is a more frequent 
phenomenon in HSN. Glomerular deposition of fibrin also occurs more 
commonly in HSN [122].  

Clinically, one of the main differences between HSP and IgAN is the lack of 
extrarenal symptoms in IgAN. In addition, HSP is a disease with an acute onset, 
whereas IgAN often initiates slowly and unobserved and is discovered during an 
episode of gross hematuria or by a chance finding of microscopic hematuria. 
Nephrotic-range proteinuria is more frequently observed in HSN. HSP is also 
predominantly a disease of childhood, whereas the incidence of IgAN peaks in 
early adulthood [53, 122]. 

2.13.4 Other diseases with IgA deposits 

Glomerular IgA deposits also occur in other diseases such as lupus nephritis, 
several liver diseases, celiac disease, Crohn’s disease, lymphoproliferative 
disorders, and in some autoimmune diseases. Patients with these secondary 
forms, however, usually show no clinical signs of kidney disease [122]. 
Glomerular deposition of IgA may even be present in healthy individuals, as a 
Japanese study showed that they occur in 16% of kidneys from healthy renal 
allograft donors [123].  

Recently, a study by Suzuki et al. demonstrated that glomerular Gd-IgA1 was 
present in patients with IgAN and HSN, but not in patients with other kidney 
diseases even if they exhibited glomerular IgA. The study included kidney 
samples from patients with diseases such as hepatitis C virus-related 
nephropathy, lupus nephritis, membranous nephropathy, and hepatic 
glomerulosclerosis. These results suggest that IgAN and HSN share similar Gd-
IgA1-related pathogenesis [51]. Furthermore, it suggests that the 
pathomechanism related to glomerular deposits of IgA in liver diseases differs 
from that of IgAN and HSN; the term secondary IgAN representing these 
conditions may therefore be inappropriate [124]. 

2.14 Treatment of HSP 

The disease course in HSP is usually self-limiting with only supportive care 
needed. Extrarenal symptoms in most patients disappear spontaneously in 1–2 
months, although recurrences beyond that point are possible. Gastrointestinal 
symptoms are usually mild and joint symptoms leave no permanent damage. 
Drug therapy of extrarenal symptoms, if needed, is aimed at the alleviation of 
acute symptoms such as joint and abdominal pain. Bed rest may also be needed 
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in the acute phase of the disease for patients with joint and gastrointestinal 
involvement [6, 119, 120].  

Orally administered corticosteroids are commonly used to treat HSP symptoms. 
They do not, however, seem to modify the disease course of extrarenal 
symptoms, but may be beneficial by lessening abdominal and joint pain [18, 
125]. Non-steroidal anti-inflammatory drugs are also used to treat joint pain, but 
they are not recommended in patients with HSN, gastrointestinal bleeding, or 
concurrent steroid treatment [6, 120]. Skin lesions rarely need any specific 
treatment. A few HSP patients develop bullous lesions, which may resolve 
spontaneously, but sometimes leave scarring or hyperpigmentation. Some 
patients with refractory symptoms require treatment with systemic 
corticosteroids [126]. Other treatment options described in case reports or small 
series include dapsone [127], colchicine [128], and azathioprine [129]. 

Patients with severe abdominal pain and vomiting may require intravenous 
fluids, and in rare cases, even parenteral nutrition [6]. Anecdotal reports also 
exist of patients with severe gastrointestinal disease treated with various 
regimens such as methylprednisolone (MP) pulses [130], mycophenolate mofetil 
(MMF) [131], intravenous cyclophosphamide (CP) [132], plasma exchange (PE) 
[133], and intravenous immunoglobulins [134].  

HSN usually develops within the first few weeks of the disease onset. In a Finnish 
six-month prospective study of 223 pediatric HSP patients, only 2% of HSN cases 
occurred after two months. Weekly urine dipstick tests are therefore 
recommended for two months post-diagnosis, and also during HSP recurrences. 
However, almost one third of the HSN patients still had kidney symptoms at six-
month follow-up visit, indicating that the follow-up of patients with kidney 
involvement should be assessed individually and be extended beyond six months 
[29, 125]. 

2.15 Prevention of HSN 

Several randomized controlled trials (RCT) have assessed the use of early 
initiated corticosteroid treatment in preventing the development of HSN. These 
studies compared 2–4 weeks of oral steroid treatment to placebo. The results of 
these studies were similar, all concluding that the steroid treatment did not 
prevent the development of HSN [125, 135, 136]. One of these cohorts was re-
evaluated 8 years later, confirming the results of the original study by showing 
no benefit of the steroid treatment in preventing long-term kidney symptoms 
[34]. A Cochrane review from 2015 also concluded that there is no evidence of 
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benefit from oral steroid treatment to prevent HSP-related kidney involvement 
[137]. 

Furthermore, two studies published only as abstracts have assessed the efficacy 
of drugs that influence blood clotting in preventing HSN. Dipyridamole was not 
effective [138], but heparin significantly reduced the risk of kidney involvement 
[139]. The Cochrane review did not, however, recommend the use of heparin to 
prevent kidney disease as it bears possible dangerous side effects, which are not 
justified in pediatric HSP patients with an overall favorable prognosis [137]. 
Thorough oral hygiene has also been used to prevent development of HSN [140]. 

2.16 Treatment of HSN 

2.16.1 Treatment guidelines 

In 2012, Kidney Disease: Improving Global Outcomes (KDIGO) published 
treatment guidelines for glomerulonephritis. Considering the scarcity of 
evidence-based data on treatment of HSN and the biological resemblance 
between IgAN and HSN, the KDIGO guidelines adopted HSN treatment strategies 
from studies performed in patients with IgAN. The guidelines recommend that 
pediatric HSN patients with persistent proteinuria exceeding 0.5 grams / day per 
1.73m2 are treated with ACE-Is or angiotensin receptor blockers (ARB). If 
persistent proteinuria continues after 3–6 months of treatment with ACE-Is or 
ARBs, the guidelines suggest 6-month treatment with oral corticosteroids [141]. 
These recommendations are based on findings that ACE-I treatment reduces 
proteinuria and maintains GFR in children and young adults with IgAN [142], and 
that oral corticosteroids combined with ACE-I are efficient in maintaining kidney 
function in adult IgAN patients [143]. 

In addition, the KDIGO guidelines recommend that pediatric HSN patients 
presenting crescents in over half of the glomeruli together with nephrotic 
syndrome and/or declining renal function are treated similarly to the patients 
with ANCA vasculitis. This denotes treatment with CP or corticosteroids, with 
both drugs having the option of being administered either orally or intravenously 
[141]. 

Recently, in 2019, the Single Hub and Access point for paediatric Rheumatology 
in Europe (SHARE) initiative published expert-opinion-based recommendations 
for diagnosing and treating HSP. In the recommendations, degree of proteinuria 
and renal biopsy findings divide HSN into three severity classes (mild, moderate, 
severe), with each having their own treatment suggestions. The first-line 
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treatment recommendation in each class consisted of oral prednisolone and/or 
pulsed MP. In addition, in severe HSN, intravenous CP was recommended to be 
added alongside corticosteroids. The second-line treatment option in each 
severity class consisted of azathioprine and MMF with some possible 
alternatives. The SHARE initiative also suggests ACE-Is for HSN patients with 
proteinuria persisting over three months [144]. 

2.16.2 Angiotensin-converting enzyme inhibitors 

The data on the use of ACE-Is and/or ARBs for treating HSN is limited. Ninchoji 
et al. reported that 31 HSN patients with ISKDC grades ≤ III and serum albumin 
over 2.5 g/dL treated with ACE-Is and/or ARBs were in remission after 3.4 years 
[145]. In a French cohort, early induction of ACE-Is/ARBs correlated with lower 
proteinuria six and twelve months after disease onset [146]. Contrary to these 
reports, in another French study patients treated with ACE-Is were less likely to 
reach remission. However, these results were most likely influenced by 
indication bias; that is, that patients with more severe disease were more likely 
to receive ACE-I treatment [104]. In addition, some studies have utilized ACE-Is 
alongside immunosuppressive drugs to treat severe HSN [147-149]. 

2.16.3 Immunosuppressive treatment 

Several immunosuppressive drugs have been used to treat severe HSN. 
Definition of severe disease is not identical between studies, but most studies 
include patients with major proteinuria (nephrotic-range proteinuria or 
nephrotic syndrome) and/or severe biopsy findings (crescents present in any 
degree or crescents in over half of the glomeruli). However, many patient series 
are uncontrolled with a limited number of patients; only few RCTs have been 
performed in HSN patients [137]. In addition, spontaneous recovery is possible 
even in the severe forms of HSN [98], making it difficult to interpret the results. 

2.16.3.1 Cyclosporine A 

CyA has been utilized for treating HSN either as a sole immunosuppressive 
therapy, together with corticosteroids, or as a rescue therapy after failure of 
other treatments [147-152]. In a Finnish RCT of 24 patients comparing MP pulses 
and CyA, all CyA-treated patients had normal kidney function whereas one MP-
treated patient developed kidney failure and another had decreased kidney 
function [147]. A retrospective study by Park et al. reported 3.7-year outcome of 
29 patients treated with CyA; 23 had achieved stable remission and one 
progressed to kidney failure [148]. In another retrospective investigation of 
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seven patients by Shin et al., six patients reached remission. Follow-up biopsies 
taken after the immunosuppressive treatment showed decline in active changes, 
whereas chronic and tubulointerstitial changes had remained stable [149]. 
Reports have also shown that some HSN patients may develop dependence to 
CyA [148, 150]. 

2.16.3.2 Corticosteroids 

Corticosteroids, mainly oral prednisone and MP pulses, have been frequently 
used in the treatment of HSN [53]. Data on the use of oral steroids alone is 
limited, but some early reports from the 1960s and 1970s show lack of benefit 
from oral steroids [12, 153, 154]. Pulsed MP followed by oral prednisone has, 
however, showed more favorable results. In a prospective but uncontrolled 
study, Niaudet et al. showed improved outcome in 38 MP-treated patients 
compared to an earlier cohort from the same center [13]. Four (11%) MP-treated 
patients progressed to kidney failure, whereas in the pre-MP era, 37% patients 
had developed kidney failure [13]. MP pulses were also the other treatment arm 
in the aforementioned RCT comparing CyA and MP pulses [147]. MP pulses have 
also shown beneficial results when used in combination with other drugs [82, 
155-157]. 

2.16.3.3 Other immunosuppressive drugs 

CP has been evaluated for treatment of HSN in two RCTs. In a study involving 56 
pediatric HSN patients, 42-day treatment with CP was no more effective than 
supporting therapy in preventing CKD [158]. Similar results were obtained from 
a study of 54 adult HSN patients, indicating lack of benefit of CP. Intravenous CP 
added to MP pulses and oral steroids provided no additive benefit compared to 
patients who received only the corticosteroid treatment [159]. One 
retrospective study, however, had contradictory results, and suggested that CP 
added to MP and urokinase pulse therapies is beneficial in children with HSN 
[82]. 

The results of one RCT involving 17 pediatric HSN patients have been published 
only as an abstract. The study comprised patients who were randomized to 
receive either azathioprine or MMF; all patients were also treated with 
prednisone. No significant differences in remission rate occurred at 1-year 
follow-up [160]. Other immunosuppressive drugs with favorable results include 
MMF, azathioprine, and tacrolimus [161-164]. 
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2.16.4 Other therapies 

Plasmapheresis has been used in HSN with the aim of removing circulating Gd-
IgA1 containing immune complexes and proinflammatory mediators. It has been 
effective as a sole therapy in two small patient series [165, 166]. In the study by 
Shenoy et al., thirteen patients had normal kidney function at the end of follow-
up and one had progressed to kidney failure. The authors underlined the 
importance of early therapy as the patient with kidney failure was the only one 
treated late after the disease onset [166]. Plasmapheresis has also been 
deployed in combination with immunosuppressive drugs [92, 167]. 

Rituximab is an anti-CD20 monoclonal antibody that depletes B cells. It has been 
successfully utilized in the treatment of some systemic vasculitides such as 
ANCA-associated vasculitis. It has also shown some good preliminary results in 
children and adults with HSP-induced renal or extrarenal symptoms that have 
not responded to corticosteroid or immunosuppressive treatment, as advocated 
in a recent review of 35 rituximab-treated HSP patients [168]. However, in a RCT 
of 34 adult IgAN patients, rituximab showed no additional benefit compared to 
sole ACE-I treatment. In addition, it had no effect on serum levels of Gd-IgA1 or 
its antibodies [169].  

Other therapies exploited to treat HSN include tonsillectomy, drugs that prevent 
blood clotting, and fish oil. The aim of tonsillectomy is to remove sources of 
bacterial infection, and it has been performed in association with other therapies 
[170, 171]. Fibrin is suggested to play a role in the pathogenesis of HSN. 
Therefore, warfarin and dipyridamole have been used in some studies alongside 
immunosuppressive drugs [82, 156]. However, these treatment modalities may 
expose patients to bleeding complications, thus inhibiting their use [4]. Fish oil 
mitigates inflammatory responses and may have beneficial cardiovascular 
effects [141, 172]. Despite the low-quality evidence, it has a very low risk profile 
and is therefore recommended by the 2012 KDIGO guidelines for treating IgAN 
patients with persistent proteinuria after insufficient response to ACE-I or ARB 
treatment. However, the KDIGO guidelines make no recommendations in HSN 
regarding fish oil [141]. In a small series, HSN patients treated with fish oil and 
ACE-Is experienced decreasing proteinuria levels and had stable renal function. 
The caveat in interpreting the results is naturally the confounding effect of the 
ACE-I treatment [173]. 
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3. Aims of the study 
The specific aims of this thesis were: 

1. To evaluate the prognostic ability of diagnostic kidney biopsies in HSN (I, II), 

2. To assess the clinical utility of follow-up kidney biopsies in HSN (II), 

3. To assess the expression of immunohistochemical markers of developing 
kidney fibrosis in HSN (II), 

4. To study the outcome of HSN patients treated with MP pulses and CyA (III), 

5. To perform a genome-wide association study in HSP patients (IV). 
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4. Patients and methods 
4.1 Patient material (I–IV) 

Table 6 provides selected characteristics of Studies I–IV. In addition to HSP 
patients, Study IV contains two control groups: pediatric patients with 
inflammatory bowel disease (IBD) and bone marrow and blood donors. 

 

Table 6. Characteristics of Studies I–IV 

 Study I Study II Study III Study IV 
Main study focus Diagnostic 

biopsy 
Serial 

biopsies 
MP pulses 
and CyA 

GWAS 

Number of HSP patients 53 26 62 46a,b 
Age inclusion criterion (years) < 17 < 17 < 17 < 17 
Female, n (%) 29 (55) 9 (35) 26 (42) 27 (59) 
Median follow-up (years) 7.3 8.6 9.5 8.7c 

MP, methylprednisolone; CyA, cyclosporine A; GWAS, genome-wide association study; 
HSP, Henoch-Schönlein purpura 
aAfter quality controls (described in Section 4.5), the final study population comprised 
46 HSP patients 
bStudy also includes (after quality controls) 49 IBD patients and 18,757 bone marrow 
and blood donors 
cFor 44 patients with HSP nephritis (HSN); two patients without HSN excluded 

 

Studies I and II include HSN patients with kidney biopsy from a nationwide study 
comparing MP and CyA for the treatment of severe HSN (1999–2006) [147], 
Helsinki University Hospital (2000–2010), and HSN patients with also an available 
follow-up biopsy from Oulu University Hospital (1985–2005). Study I assessed 
diagnostic kidney biopsies, whereas Study II focused on patients from the same 
cohort with an available follow-up kidney biopsy. Of the patients in Study II, 18 
had undergone follow-up biopsy as part of a previous trial in accordance with 
the study protocol [147], 5 due to proteinuria and/or hematuria, 2 due to 
declining kidney function, and one for control purposes. Additionally, in Study II 
the diagnostic kidney biopsies underwent staining with three 
immunohistochemical markers: PSGL-1, α-SMA, and vimentin. 
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Study III comprises HSN patients treated initially with either MP pulses or CyA in 
1996–2011 at the pediatric nephrology clinics of all five university hospitals in 
Finland. The study population consisted of 42 patients with initial MP pulse 
treatment and 20 patients with initial CyA treatment.  

The patient material in Study IV comprises 36 patients whose DNA sample was 
obtained simultaneously as follow-up screening samples in Study III. An 
additional 16 HSP patients were recruited to Study IV from Helsinki University 
Hospital and Oulu University Hospital. All HSP patients fulfilled the 
EULAR/PRINTO/PRES classification criteria [23]. Study IV included two control 
groups: IBD patients who served as an autoimmune disease control group, and 
bone marrow and blood donors who represented general Finnish population. 
Figure 4 illustrates the patient selection process in Studies III and IV. 

 

Figure 4. Flow diagram of the patient selection process in Studies III and IV. 
 

 

4.2 Diagnostic and follow-up kidney biopsy in HSN (I, II) 

In Study I, diagnostic kidney biopsies were evaluated with the ISKDC 
classification (Table 2) and a modified adaptation of the semiquantitative 
classification (SQC) originally introduced for IgAN by Ronkainen et al. [79]; SQC 
was expanded to include evaluations of mesangial proliferation (focal or diffuse) 
and lobulation (Table 7). In addition to the ISKDC and SQC, in Study II biopsies 
underwent evaluation with the Oxford classification (Table 3). All biopsies were 
re-evaluated by pathologists who were unaware of patients’ clinical status. 
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Table 7. Modified semiquantitative scoring system (SQC) for Henoch-Schönlein 
purpura nephritis. The total SQC biopsy score comprises activity index, chronicity 
index, and evaluation of whether mesangial proliferation is focal or diffuse. 

Histologic parameter Point scale 
Activity index  0 – 9 
    Mesangial proliferation 0 – 1a 
    Lobulation 0 – 1a 
    Cellular crescents 0 – 3b 

    Fibrinous thrombosis 0 – 3b 
    Tubular dilatation 0 – 1a 

Chronicity index 0 – 16 
    Fibrous crescents 0 – 3b 
    Adhesions 0 – 3b 
    Segmental sclerosis 0 – 2c 
    Global sclerosis 0 – 3b 
    Thickening of the tubular basement membrane 0 – 1a 
    Complete tubular atrophy 0 – 1a 
    Interstitial fibrosis 0 – 1a 
    Interstitial inflammation 0 – 1a 
    Arteriosclerosis OR arterial inflammation 0 – 1a 
Tubulointerstitial index 0 – 5 
    Tubular dilatation 0 – 1a 
    Thickening of the tubular basement membrane 0 – 1a 
    Complete tubular atrophy 0 – 1a 
    Interstitial fibrosis 0 – 1a 
    Interstitial inflammation OR periglomerular inflammation 0 – 1a 
Other 0 – 1 
Focal or diffuse mesangial proliferation 0 for focal,      

1 for diffuse 
Note. Total biopsy score is the sum of activity, chronicity, and tubulointerstitial index 
a0 = absent; 1 = present 
b0 = no glomeruli affected; 1 = up to 5% of glomeruli affected; 2 = 5–10% of glomeruli 
affected; 3 = > 10% of glomeruli affected 
c0 = no glomeruli affected; 1 = up to 5% of glomeruli affected; 2 = > 5% of glomeruli 
affected 
Expanded version of the scoring system originally published in reference [79]. 
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Medical records provided clinical data from the onset of HSP to the last control 
visit. Onset of nephritis was the first detected occurrence of hematuria and/or 
proteinuria. Bedside Schwartz equation [69] (I, II) and CKD-EPI equation [70] (I) 
supplied eGFR values. Urine protein to creatinine ratio (UP/C) over 20 g/mol, 
daily urine protein excretion (dU-Prot) over 200 mg, or a positive dipstick test 
(1+ to 3+) served as a definition of proteinuria. If needed, proteinuria values 
were converted from UP/C to dU-Prot [174]. In addition, in Study II values over 
40 mg/h/m2 denoted nephrotic-range proteinuria. Definition of hematuria was 
positive dipstick test (1+ to 3+), over 20 red blood cells/10E6/L, or over 5 red 
blood cells/high-power field. 

Patients were treated with various immunosuppressive therapies including oral 
prednisolone with or without preceding MP pulses, CyA, CP, azathioprine, and 
MMF. Thirty-eight (72%) patients in Study I and 24 (92%) in Study II had received 
immunosuppressive drugs. In addition, 45 (85%) patients in Study I and 21 (81%) 
in Study II were treated with ACE-Is and/or ARBs. 

In Study I, outcome at last control visit was classified using a modified version of 
the grading system used by Goldstein et al. [90] referring patients into four 
outcome categories: outcome A (healthy) – no signs of kidney disease; outcome 
B (minor urinary abnormalities) – UP/C = 21–200 g/mol, or microscopic 
hematuria, or ongoing ACE-I treatment; outcome C (active renal disease) – UP/C 
over 200 g/mol, or ongoing immunosuppressive treatment, or hypertension 
(blood pressure over 160/95 mmHg); outcome D (reduced kidney function) – 
eGFR below 60 mL/min/1.73m2. Outcome definitions in Study II were similar, 
with the exception that cutoff in UP/C between grades B and C was at 100 g/mol. 

Favorable outcome included grades A and B, whereas grades C and D denoted 
unfavorable outcome. Additionally, in Study II, patients formed two groups 
according to proteinuria at the follow-up biopsy: patients without proteinuria 
(group I) and with proteinuria (group II). 

4.3 Immunohistochemistry (II) 

Formalin-fixed and paraffin-embedded diagnostic kidney biopsies were cut into 
slices 4–5 μm in thickness. After that, they underwent a routine 
immunohistochemical staining process. Primary antibodies were utilized against 
PSGL-1 (sc-13535, 1:500, Santa Cruz Biotechnology, Inc., Dallas, TX, USA), α-SMA 
(clone 1A4, diluted 1:400, Dako Denmark A/S, Glostrup, Denmark), and vimentin 
(clone 3B4, 1:200, Dako). Of the 26 diagnostic biopsy specimens, successful 
staining occurred with PSGL-1 in 17 (65%) biopsies, with α-SMA in 18 (69%), and 
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with vimentin in 19 (73%). Negative controls without primary antibodies 
underwent incubation in phosphate-buffered saline. Kidneys originally intended 
for use as transplants served as control specimens.  

Microscopy was performed with Zeiss AX10. Of the HSN specimens, analysis 
included all glomeruli (with x20 magnification) and maximum number of 
microscopic fields from cortical tubulointerstitium (x40). For each of the control 
specimens, analysis involved 30 randomly selected glomeruli (x20) and 30 
random and non-overlapping tubulointerstitial microscopic fields (x40). Positive 
tubulointerstitial staining area of α-SMA and vimentin was calculated with Zeiss 
Zen Software (Carl Zeiss AG, Oberkochen, Germany), whereas the amount of 
PSGL-1 staining patches was counted from glomeruli and tubulointerstitium. All 
scores were totaled separately for control specimens and HSN groups I and II. In 
addition, when assessing correlations with biopsy scores, mean tubulointerstitial 
affected area (α-SMA and vimentin) and mean number of PSGL-1 staining 
patches were calculated separately for each patient. Clinical data was not 
available when performing the immunohistochemical scoring. 

4.4 Outcome of HSN after CyA and MP treatment (III) 

Medical records provided clinical data until the last follow-up visit. This includes 
assessment of eGFR and urinary analyses at 1-, 3-, and 5-year follow-ups. In 
addition, patients who had not visited a nephrologist within the preceding 12 
months were recruited with invitation letters to attend a follow-up screening 
and to complete a health questionnaire. The screening comprised urine dipstick 
and microscopy examination, and analyses of plasma creatinine, cystatin C, and 
urea. The health questionnaire included questions regarding current medication, 
possible kidney symptoms during pregnancies, occurrence of HSP in a first-
degree relative, and whether they regularly visited a physician due to HSN. 
Patients were also asked to report the latest blood pressure figures or to 
measure it three times; the lowest reported value was taken into consideration. 
Patients with abnormal screening results were referred to primary health care 
or hospital for further examinations. In total, 35 (83%) MP pulse -treated and 16 
(80%) CyA-treated patients had had a follow-up visit within 12 months or 
attended the screening. For the other 11 patients, medical records provided the 
last known clinical data.  

The methods for the assessment of proteinuria, nephrotic-range proteinuria, 
and hematuria were similar to Studies I and II. Bedside Schwartz equation [69] 
provided eGFR values at diagnostic kidney biopsy and at the 1-, 3-, and 5-year 
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follow-up. At the last follow-up, eGFR was calculated with bedside Schwartz 
equation [69] for children and with CKD-EPI equation [70] for adults. Estimated 
GFR values below 60 mL/min/1.73m2 denoted decreased kidney function and 
values 60–89 mL/min/1.73m2 denoted mildly decreased kidney function as 
suggested by the KDIGO guidelines [174]. Blood pressure values of adult patients 
(> 18 years) were categorized according to the American Heart Association [175]. 
The cutoff values for children were age- and height-dependent [176].  

Before the initial treatment, 60 of the 62 (97%) patients had ISKDC grade ≥ III in 
the kidney biopsy and/or nephrotic-range proteinuria. MP treatment protocol 
included three i.v. pulses (15–30 mg/kg, max. 1 g) given within 1 week. These 
were followed by oral prednisolone 30 mg/m2 for 1 month, and after that, a 
tapering dose for 3 months. Target trough level of CyA for the first three to six 
months was 150–200 μg/L. Trough CyA level was subsequently aimed at 80–100 
μg/L, the total treatment time being 1–2 years. Fifty-nine (95%) patients had also 
received ACE-Is and/or ARBs. As part of a previous placebo-controlled trial [125] 
or due to severe extrarenal symptoms, 31 (50%) patients (20 MP, 11 CyA) were 
additionally treated for a maximum of 4 weeks with oral prednisone (0.5–1 
mg/kg/day). 

4.5 Genetics of HSP and IBD (IV) 

Medical records were reviewed for clinical data until the last follow-up visit for 
HSP patients and at disease onset for IBD patients. In addition, laboratory 
records of IBD patients were reviewed for all urine dipstick and microscopy 
examinations and urine protein measurements. Bedside Schwartz equation 
provided eGFR values [69]. Hematuria was defined as > 20 red blood cells/10E6/L 
or at least two consecutive positive dipstick tests (2+ to 3+). Proteinuria was 
defined as UP/C > 20 mg/mmol or at least two positive dipstick tests (2+ to 3+). 
Nephrotic-range proteinuria was defined similarly to Studies II and III. 
Occurrence of hematuria or proteinuria denoted kidney involvement. 

Forty-four (96%) HSP patients had kidney involvement (i.e. HSN) and 42 (91%) 
had undergone a kidney biopsy. Two (4%) HSP patients did not develop HSN 
within a two-month follow-up. Results from urinary analyses were available from 
28 (57%) IBD patients. Abnormal urinary findings occurred in four IBD patients: 
hematuria in three and hematuria + proteinuria in one. In two patients, the 
urinary findings had normalized in control samples. None of the four patients 
had undergone a kidney biopsy or had any kidney disease diagnoses. 
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HSP, IBD, and bone marrow donor samples underwent genotyping with Illumina 
Global Screening Array (GSA). Blood donor samples underwent genotyping with 
FinnGen array. Genotype lift-over from hg19 to hg38 [177] was performed on 
GSA-genotyped data. A platform-bias analysis was performed between the two 
types of reference samples (blood and bone marrow donors); single-nucleotide 
polymorphisms (SNP) associating with the genotyping platform were excluded. 
Quality control for all samples was performed with Plink v. 1.9 [178]. SNPs with 
missing call rate > 5%, minor allele frequency < 1%, or Hardy-Weinberg 
equilibrium probability test score < 1 x 10-6 were excluded. Individuals with 
missing call rate > 10%, those with disturbances in genotyping reports, kinship 
with other sample (individual with the greater missing call rate was excluded), 
or discordant sex information were excluded. Principal component (PC) analyses 
were performed to detect population stratifications within the data and to 
obtain PCs for GWAS and HLA analyses. With the R library HIBAG [179], HLA 
imputation was performed for genes HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-
DQA1, HLA-DGB1, and HLA-DPB1 using an imputation model developed for 
Finnish population [180]. 

4.6 Statistical analyses 

Normally distributed continuous data are reported as means with standard 
deviations (SD), whereas data not showing normal distribution are reported with 
medians and their interquartile range (IQR) (I–IV). Normally distributed data was 
analyzed with Student’s t test (II, III) or Mann-Whitney U test (IV), whereas non-
normally distributed data was analyzed with Mann-Whitney U test (II–IV). 
Categorical variables are presented as numbers and percentages. They were 
analyzed with Fischer’s exact test (I–IV) and presented also with relative risk (RR) 
and their 95% confidence intervals (95% CI) (I, III). 

Multiple groups were compared with Kruskal-Wallis test (I). If significant 
difference occurred among the tested groups, the Mann-Whitney U test with 
Bonferroni correction served as post hoc analysis (I). To estimate the 95% CI for 
difference in areas under the curve (AUC) between histological classification 
systems, 5,000 bootstrap resamples were drawn (I). In addition, optimal cut-off 
point (Youden index) was calculated from receiver operating characteristic (ROC) 
curves [181]. For the purpose of the ROC analyses, patients with favorable 
outcome (outcome groups A + B) were coded as non-diseased and those with 
unfavorable outcome (C + D) as diseased (I). Comparison of histological 
classifications was also performed with logistic regression and reported with 
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odds ratios (OR) and Akaike Information Criterion (AIC) (lower AIC values suggest 
better model fitting) (I).  

Spearman rank correlations were calculated with immunohistochemical staining 
scores, SQC scores and biopsy delays (II). Changes in histologic variables between 
diagnostic and follow-up biopsy were assessed with McNemar test (Oxford 
classification variables) or Wilcoxon-signed rank test (SQC parameters) (II).  

Linear regression was used to study association with SQC chronicity score in the 
follow-up biopsy and other factors (i.e. biopsy findings in the diagnostic biopsy 
and clinical parameters at onset) (II). Logistic regression was utilized to examine 
association with proteinuria at the end of follow-up and several clinical and 
histologic parameters (III). Predictors with p < 0.2 in univariable linear (II) and 
logistic (III) regression analyses were selected for further analyses; in Study II, all 
parameters with p < 0.2 were added to a multivariable linear regression model, 
whereas in Study III those parameters were adjusted for immunosuppression 
type as it was considered as the main confounder. Linear regression results are 
reported as regression coefficients (B value) and their 95% CIs (II) and logistic 
regression results as ORs with 95% CIs (III). 

Using the R package SPAtest [182], GWAS was performed for HSP and IBD 
samples in a case-control manner against the reference population (IV). 
Covariates included in the analyses were three first PCs, sex, and genotyping 
platform. Manhattan plots were drawn using the R package qqman [183]. Using 
dosages of imputed HLA alleles, association analyses were performed with the R 
package SPAtest [182] for HSP and IBD samples against the reference population 
(IV). First three PCs, sex, and genotyping platform served as covariates. GWAS 
and HLA results are presented as p-values and ORs with their 95% CIs (IV).  

GWAS and HLA analyses were performed with R 3.6.3 (R Foundation for 
Statistical Computing, Vienna, Austria). AUCs were compared with Stata 12.1 
(StataCorp LP, College Station, TX) using a Stata user-written module [184]. All 
other statistical analyses were performed with IBM Statistical Package for the 
Social Sciences (SPSS, Windows versions 22–25, IBM Corp, Armonk, NY). The 
level of statistical significance in all analyses was p < 0.05 (I–IV), except for the 
GWAS and HLA analyses (IV) that applied the genome-wide level of significance 
(p < 5 x 10-8). 
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4.7 Ethical aspects 

Studies I-IV were approved by the Ethics Committee for gynecology and 
obstetrics, pediatrics and psychiatry of the Helsinki University Hospital 
(application numbers 164/13/03/03/2016, 240/13/03/02/13, and 
HUS/1176/2016). Informed consent was obtained from all patients (and their 
guardians, if necessary) who participated in the follow-up screening (III) and 
GWAS (IV). 
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5. Results 
5.1 Baseline patient characteristics (I–IV) 

Table 8 presents selected baseline clinical and laboratory characteristics of HSP 
patients in Studies I–IV. All HSP patients had HSN except for two patients in Study 
IV.  

 

Table 8. Baseline clinical characteristics of HSP patients in Studies I - IV 

 Study I Study II Study III Study IV 
Age at diagnosis 
(years) 

9.4  
(7.6–12.3) 

9.0           
(7.3–12.2) 

9.1           
(7.3–12.3) 

9.1  
(7.3–11.9) 

eGFRa 
(mL/min/1.73m2) 

106 ± 27 99 ± 25 112 ± 31 108b ± 27 

dU-Prota  (g/day) 2.6  
(1.1–6.3) 

4.8  
(1.6–7.7) 

3.4  
(1.8–6.7) 

3.0b 
(1.2–6.1) 

dU-Prota 
(mg/h/m2) 

- 140  
(69–328) 

142  
(69–256) 

102b  
(37–215) 

Nephrotic-range 
proteinuriaa, n (%) 

- 20 (77) 54 (87) 30b (71) 

Patients with 
hematuriaa, n (%) 

53 (100) 26 (100) 62 (100) 42b (100) 

Plasma albumina 
(g/L) 

30.1 ± 8.5 29.3 ± 8.8 29.2 ± 7.9 29.9b ± 7.7 

SBPa (mmHg) 117 ± 14 - - - 
DBPa (mmHg) 68 ± 13 - - - 
Time to biopsyc 

(months) 
1.9  

(0.9–3.5) 
1.4  

(0.8–2.5) 
1.4  

(0.9–2.3) 
- 

eGFR, estimated glomerular filtration rate; dU-Prot, daily urine protein excretion; SBP, 
systolic blood pressure; DBP, diastolic blood pressure 
aAt the diagnostic kidney biopsy 
bCalculated for patients who had undergone kidney biopsy (42/46, 91%) 
cTime from the onset of nephritis to diagnostic kidney biopsy 

 

Study IV also included two control groups: bone marrow and blood donors and 
pediatric IBD patients. Of the IBD patients, 22 (45%) had Crohn’s disease, 8 (16%) 
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had orofacial granulomatosis, whereas the remaining 19 (39%) had both Crohn’s 
disease and orofacial granulomatosis. Median age of IBD patients at diagnosis 
was 12.9 (IQR 9.2–14.3) years and 33 (67%) were males.  

5.2 Predictive value of primary kidney biopsy in HSN (I) 

At the end of follow-up, 27 (51%) patients were in outcome group A, 18 (34%) in 
group B, 3 (6%) in group C, and 5 (9%) in group D. The numbers of patients in 
each outcome group remain unchanged also with the stricter proteinuria 
threshold between outcome groups B and C that was used in Study II. 

Table 9 presents ISKDC grades and SQC scores separately in three outcome 
groups (A, B, C + D). In total, 18 (34%) biopsies were classified as ISKDC grade II, 
32 (60%) as ISKDC grade III, 2 (4%) as ISKDC grade IV, and 1 (2%) as ISKDC grade 
V. Figure 5 shows the percentage of glomeruli with crescents individually in all 
35 patients who had crescents in the kidney biopsy. 

 

Table 9. Biopsy results according to outcome. 

ISKDC grades Outcome 
group A 

Outcome 
group B 

Outcome group 
C+D 

II 10 8 0 
III 16 10 6 
IV 1 0 1 
V 0 0 1 
SQC categories    
Total biopsy score 6.0 (4.0–8.5) 6.0 (4.0–9.0) 13.0 (11.0–14.5) 
Activity index 3.0 (2.0–4.0) 3.0 (2.0–5.0) 7.5 (6.0–8.0) 
Chronicity index 2.0 (0–3.0) 2.5 (0–5.0) 4.0 (3.5–5.5) 
Tubulointerstitial index 0 (0–1.0) 0 (0–1.0) 1 (0.5–2.0) 

Note. Outcome groups C + D analyzed together due to the limited number of patients 
in these outcome groups. 
ISKDC, International Study of Kidney Disease in Children; SQC, semiquantitative 
classification 

 

SQC total biopsy score (p = 0.001), activity index (p = 0.003), chronicity index (p 
= 0.030), and tubulointerstitial index (p = 0.022) differed significantly between 
the three (A, B, C + D) outcome groups. Post hoc analyses showed that the SQC 
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total biopsy score and activity score were significantly higher in outcome group 
C + D than in group A (p < 0.001 and p = 0.001, respectively) and group B (p = 
0.004 and p = 0.008, respectively). In addition, SQC chronicity and 
tubulointerstitial scores were significantly higher in group C + D than in group A 
(p = 0.009 and p = 0.013, respectively), whereas there was no significant 
difference between group C + D and group B (p = 0.37 and p = 0.33, respectively). 
No significant differences occurred between groups A and B in any of the SQC 
categories. 

 

 

Figure 5. Percentage of glomeruli with crescents plotted against the total number of 
glomeruli. Patients with favorable and unfavorable outcome presented separately (not 
previously published). 

 

Figure 6 illustrates ROC curves for SQC categories and ISKDC classification. AUC 
values were 0.912 (95% CI 0.824–1.0) for SQC total biopsy score, 0.878 (95% CI 
0.780–0.975) for activity index, 0.776 (95% CI 0.647–0.906) for chronicity index, 
and 0.765 (95% CI 0.607–0.923) the ISKDC classification. Difference in AUC 
values between the SQC total biopsy score and ISKDC classification was 0.15 
(normal-based 95% CI 0.007–0.29, bias-corrected 95% CI –0.004 to 0.28; p = 
0.04).  



 

53 
 

Figure 6. Receiver operating characteristic curves for the SQC total biopsy score, SQC 
activity score, SQC chronicity score, and International Study of Kidney Disease in 
Children (ISKDC) classification 
 
 
The Youden index for the SQC total biopsy score was 0.72, which corresponds to 
a cut-off point of 10.5. By applying this cut-off to the patient cohort, seven of the 
14 (50%) patients with total biopsy score ≥ 11 had unfavorable outcome. Of the 
patients with total biopsy score ≤ 10, one of the 39 (3%) had unfavorable 
outcome (7/14 vs. 1/39; RR 19.5, 95% CI 2.6–144.7; p < 0.001). Correspondingly 
with the ISKDC classification, Youden index was 0.40 and the respective cut-off 
point 2.5. With the utilization of this cut-off point, eight of the 35 (23%) patients 
with ISKDC grade ≥ III and none of the 18 (0%) patients with ISKDC ≤ II developed 
unfavorable outcome (8/35 vs. 0/18, 0.5 was added to all cells to calculate RR; 
RR 9.0, 95% CI 0.5–147.2; p = 0.040).  

Univariable logistic regression also served as a method to compare histologic 
classifications; results reported as AIC values and odds ratios are visible in Table 
10. SQC total biopsy score had the lowest AIC value of 30.8.  
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Table 10. Univariable logistic regression analyses for unfavorable outcome 

Classification AIC Odds ratio 95% CI 
SQC total biopsy score 30.8 1.72 1.28–2.73 
SQC activity index 35.1 1.94 1.33–3.28 
SQC chronicity index 43.4 1.42 1.06–1.99 
ISKDC classification 38.8 11.32 2.2–217.24 

AIC, Akaike information criterion; CI, confidence interval; SQC, semiquantitative 
classification; ISKDC International Study of Kidney Disease in Children 

 

Of the baseline characteristics provided in Table 8, significant difference 
between the three outcome groups (A, B, C + D) occurred in urine protein 
excretion (p = 0.018) and in systolic blood pressure (p = 0.002) (Figure 7). Post 
hoc pairwise comparisons revealed that dU-Prot was significantly higher in 
outcome group C + D than in group A (p = 0.036) or group B (p = 0.026). Systolic 
blood pressure was similarly higher in outcome group C + D than in group A (p = 
0.025) or group B (p < 0.001). Both dU-Prot and systolic blood pressure figures 
were similar in outcome groups A and B. 

 

Figure 7. Daily urine protein excretion (a) and systolic blood pressure (b) according to 
outcome. Due to the limited number of patients, outcome groups C + D were analyzed 
together. Figure modified from the originally reported Figure [Figure 3 in (I)]. 
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5.3 Serial kidney biopsies in HSN (II) 

At the end of follow-up 15 (58%) patients were in outcome group A, 6 (23%) in 
group B, 1 (4%) in group C, and 4 (15%) in group D.  

At the time of the diagnostic kidney biopsy, patients with proteinuria at the 
follow-up biopsy (group II) were significantly older than patients without 
proteinuria (group I) (11.2 vs. 7.7 years; p = 0.006). No other significant 
differences occurred in the baseline characteristics. Follow-up kidney biopsy 
occurred after a median of 2.2 (IQR 2.0–2.5) years after the onset of nephritis. 
There was no significant difference in the timing of the follow-up biopsy between 
groups I and II. The median dU-Prot at the follow-up biopsy in group II was 0.9 
(IQR 0.3–3.3) grams per day. At the last follow-up, no patient in group I had 
unfavorable outcome, compared to five (33%) patients in group II (p = 0.053)  

In the 26 HSN patients with an available follow-up biopsy, SQC activity scores 
were 4 (IQR 2–7) and 2 (IQR 1–2) (p < 0.001), SQC chronicity scores 3 (IQR 2–4) 
and 7 (IQR 5–9) (p < 0.001), and SQC tubulointerstitial scores 0 (IQR 0–1) and 3 
(IQR 2–3) in the diagnostic and follow-up biopsies, respectively. Activity scores 
in the diagnostic and follow-up biopsy and chronicity score in the follow-up 
biopsy were significantly higher in group II patients than in group I patients. No 
statistically significant differences in the tubulointerstitial score occurred 
between the groups in either biopsy. 

Figure 8 illustrates the change in the SQC categories and ISKDC grades between 
diagnostic and follow-up biopsy individually in each 26 patients. In total, SQC 
activity score and ISKDC grade decreased in 21 (81%) and 17 (65%) patients, 
respectively. SQC chronicity and tubulointerstitial scores increased in 22 (85%) 
and 21 (81%) patients, respectively. The changes occurred similarly in groups I 
and II. In addition, in all five patients with unfavorable outcome, SQC activity 
scores between biopsies decreased, whereas SQC chronicity and 
tubulointerstitial scores increased. 

Kidney biopsies were available for MEST-C scoring in 24 of the 26 patients. MEST-
C parameters occurred in the diagnostic biopsy as follows: M1 in 8 (33%) 
biopsies, E1 in 20 (83%), S1 in 9 (38%), T1-2 in 0, and C1-2 in 15 (63%). In the 
follow-up biopsies the corresponding figures were M1 in 8 (33%) biopsies, E1 in 
3 (13%), S1 in 19 (79%), T1-2 in 3 (13%), and C1-2 in 6 (25%). Significant change 
between the biopsies occurred in S1 (from 38 to 79%; p = 0.006), E1 (from 83 to 
13%; p < 0.001), and C1-2 (from 63 to 25%; p = 0.022). Additionally, the analysis 
also included biopsies in which tubular atrophy and/or interstitial fibrosis (T 
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score) was present, but involving less than 25% of the cortical area (T>0%). 
Between diagnostic and follow-up biopsy, the presence of T>0% increased from 
4 to 67% (p < 0.001).  

Figure 8. Changes between diagnostic biopsy and follow-up biopsy in the SQC activity 
score (a), SQC chronicity score (b), SQC tubulointerstitial score (c), and in the 
International Study of Kidney Diseases in Children grades (d) individually in each patient. 
Numbers in figures denote the number of patients with similar change. 
Reproduced from Koskela et al. Prediction of renal outcome in Henoch-Schönlein 
nephritis based on biopsy findings. Pediatric Nephrology. Copyright © The Author(s) 
2019. 

 

Table 11 shows MEST-C and T>0% parameters in groups I and II. A marked 
difference between the groups occurred in the follow-up biopsies’ presence of 
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C1-2 (0% vs. 40%; p = 0.052). No significant differences occurred in baseline 
parameters between patients with C1-2 and C0 in the follow-up biopsy. 

 

Table 11. MEST-C findings in diagnostic and follow-up kidney biopsies in patients 
without (group I) and with (group II) proteinuria at the follow-up biopsy. 

 Diagnostic biopsy Follow-up biopsy 
 Group I Group II Group I Group II 
M1, n (%) 2 (22) 6 (40) 2 (22) 6 (40) 
E1, n (%) 7 (78) 13 (87) 0 3 (20) 
S1, n (%) 4 (44) 5 (33) 6 (67) 13 (87) 
T1-2, n (%) 0 0 1 (11) 2 (13) 
T>0%, n (%) 0 1 (7) 5 (56) 11 (73) 
C1, n (%) 5 (56) 4 (27) 0 5 (33) 
C2, n (%) 0 6 (40) 0 1 (7) 
C1-2, n (%) 5 (56) 10 (67) 0 6 (40) 

M, mesangial proliferation; E, endocapillary proliferation; S, segmental sclerosis and/or 
adhesions; T, interstitial fibrosis/tubular atrophy; C, crescents 

 

Linear regression was utilized to study association with SQC chronicity score of 
the follow-up biopsy and several baseline clinical and histological factors (in 
diagnostic biopsies).  The variables included in the multivariable model from 
univariable analyses were age (B 0.35, 95% CI -0.19 to 0.71), SQC activity score 
(B 0.94, 95% CI 0.60 to 1.28), SQC chronicity score (B 0.43, 95% CI -0.19 to 1.05), 
and C1-2 (B 2.38, 95% CI -0.008 to 4.76). In the multivariable analysis, SQC 
activity score in the diagnostic biopsy was the only independent predictive factor 
of the SQC chronicity score in the follow-up biopsy (B 0.74, 95% CI 0.34 to 1.12; 
p = 0.001).  

5.4 Markers of inflammation and fibrosis in HSN (II) 

Expression of PSGL-1, α-SMA, and vimentin in HSN biopsies (combined HSN 
groups I and II) was higher than in control specimens (p < 0.001 for all markers). 
Figure 9 shows their expression separately in groups I, II, and in control 
specimens. Expression of tubulointerstitial scores (PSGL-1, α-SMA, and vimentin) 
in group I was higher than in group II (p < 0.001 for all markers), whereas 
glomerular expression of PSGL-1 between the groups was similar (p = 0.85).  
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Time from the onset of nephritis to the diagnostic kidney biopsy showed no 
correlation with any of the staining scores. The analyses also included correlation 
with staining results and SQC scores. In these, α-SMA in tubulointerstitium 
showed significant correlation with follow-up biopsies’ SQC tubulointerstitial 
score (r = 0.55, p = 0.019), whereas vimentin correlated negatively with SQC 
chronicity (r = -0.60, p = 0.007) and tubulointerstitial (r = -0.53, p = 0.019) scores 
in the follow-up biopsy. PSGL-1 in tubulointerstitium and glomeruli exhibited no 
significant correlation with the SQC scores.   

 

Figure 9. Tubulointerstitial alpha-smooth muscle actin (α-SMA) (a), vimentin (b), P-
selectin glycoprotein ligand-1 (PSGL-1) (c), and glomerular PSGL-1 (d) scores in normal 
kidney specimens (Controls) and in Henoch-Schönlein nephritis patients without (group 
I) and with proteinuria (group II) at the follow-up biopsy. The numbers in the figures 
denote the total number of microscopic fields or glomeruli in each group. 
Reproduced from Koskela et al. Prediction of renal outcome in Henoch-Schönlein 
nephritis based on biopsy findings. Pediatric Nephrology. Copyright © The Author(s) 
2019. 
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5.5 Outcome of HSN after MP and CyA treatment (III) 

5.5.1 Treatment response, side effects, and five-year kidney prognosis 

Table 12 provides selected baseline characteristics according to initial 
treatment; no statistically significant differences occurred between patients 
treated initially with MP pulses and CyA. Initiation of MP pulse and CyA 
treatment occurred after a median of 2.3 (IQR 1.2–3.1) and 1.4 (1.0–3.7) months, 
respectively, after the HSN onset (p = 0.48). Median duration of prednisone 
treatment after MP pulses was 4.3 (IQR 3.8–5.9) months and median duration of 
CyA treatment was 1.2 (IQR 1.0–1.7) years. 

 

Table 12. Baseline characteristics at the kidney biopsy according to initial 
treatment 

 MP pulses (n = 42) CyA (n = 20) 
Female, n (%) 18 (43) 8 (40) 
Age (years) 9.5 ± 3.3 10.7 ± 3.4 
Plasma creatinine (μmol/L) 45 (38–56) 50 (38–60) 
eGFR (mL/min/1.73m2) 115 ± 32 105 ± 28 
dU-Prot (mg/h/m2) 135 (76–276) 162 (47 ± 226) 
Nephrotic-range proteinuria, n (%) 39 (93) 15 (75) 
Biopsy findings, n (%) 
   ISKDC I–II 
   ISKDC III-VI 

 
12 (29) 
29 (71) 

 
2 (10) 

18 (90) 
MP, methylprednisolone; CyA, cyclosporine A; eGFR, estimated glomerular filtration 
rate; dU-Prot, daily urine protein excretion; ISKDC, International Study of Kidney Disease 
in Children 

 

Response to initial therapy was insufficient in 16 (38%) patients with initial MP 
pulse treatment and in 2 (10%) with CyA treatment. These patients were also 
treated with the other immunosuppressive drug, that is, patients initially treated 
with MP pulses also received CyA, and CyA-treated patients received MP pulses 
and oral prednisone. In addition, one patient also received MMF after 
insufficient responses to MP and CyA. Difference in the need of additional 
therapy was statistically significant (MP 38% vs. CyA 10%; RR 3.81, 95% CI 1.16 
to 14.3; p = 0.035). Table 13 shows the clinical characteristics of the additional 
therapy.  
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Table 13. Clinical characteristics of additional immunosuppressive therapy 

Initial therapy MP pulses CyA 
Patients with additional therapy, n (%) 16 (38) 2 (10) 
Time (months) between initial and 
additional therapy 

2.0 (1.1–14.3) 1.1 (0.3) 

Duration of additional therapya (months) 22 (17–34) 9 (0.2) 
Proteinuria at the start of additional therapy 
(g/mol) 

276 (123–378)b 197 (66) 

MP, methylprednisolone; CyA, cyclosporine A 
aDuration of CyA treatment for those with initial MP pulse treatment and duration of 
MP and oral prednisone for those with initial CyA treatment 
bn = 14, for the two remaining patients proteinuria was 1.1 (0.7) g/L 

 

The side effects of MP and oral prednisone included weight gain (in 74% of 
patients), Cushing’s symptoms (57%), mood fluctuations (23%), and striae (23%). 
The side effects of CyA treatment were hirsutism (61%), gingival hypertrophy 
(25%), and headache (19%). In two (6%) patients CyA was temporarily stopped 
due to elevation of plasma creatinine; CyA was later successfully continued in 
both patients. In addition, transient elevation of plasma creatinine occurred in 
11 (31%) patients, but in all 11 patients creatinine values normalized after a 
reduction of the CyA dose. Two (6%) patients with CyA treatment also had 
convulsions during infection; one had normal and the other elevated CyA trough 
level (480 μg/L) at that time. In both patients, however, CyA was afterwards 
successfully continued. 
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Figure 10 illustrates the development of eGFR according to initial treatment from 
kidney biopsy to the 5-year follow-up. Difference of means between MP pulse- 
and CyA-treated patients was at renal biopsy 9.5 (95% CI –7.3 to 26.3), at 1 year 
13.0 (95% CI –0.6 to 26.6), at 3 years 5.4 (95% CI –9.1 to 20.0), and at 5 years 2.3 
(95% CI –16.6 to 21.2) mL/min/1.73m2.  

Figure 10. Estimated glomerular filtration (eGFR) development (mean ± 2 SD) until 5 
years of follow-up in patients treated with MP pulses and CyA, respectively. The number 
of patients at each measurement point is presented at the bottom of the figure. Figure 
modified from the originally reported Figure [Figure 2 in (III)]. 

 

Figure 11 provides occurrence of proteinuria and hematuria during the 5-year 
follow-up; no significant differences according to initial treatment occurred at 
any of the measurement points. 
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Figure 11. Occurrence of proteinuria and hematuria until 5 years of follow-up according 
to initial treatment (MP pulses and CyA). The number of patients at each measurement 
point is presented at the bottom of the figure. 

 

5.5.2 Outcome at last assessment 

Mean follow-up for all 62 patients was 10.8 (SD 4.8; range 3.2–21.2) years. At 
the last assessment, one patient had kidney failure and another had eGFR below 
60 mL/min/1.73m2. Both patients were initially treated with MP pulses, and the 
former also received CyA as second-line treatment. Additionally, six patients (5 
MP, 1 CyA) had mildly decreased renal function (eGFR 60–89 mL/min/1.73m2). 
Of these six patients, one (MP) had non-nephrotic proteinuria, whereas the 
other five had no urinary abnormalities. One patient with normal eGFR was still 
on CyA due to persistent proteinuria. 

Table 14 provides detailed results at the last assessment according to initial 
treatment. No significant differences between patients treated with MP pulses 
and CyA occurred in any of the measured laboratory parameters, blood pressure 
categories, or in those with ongoing medication for high blood pressure. In total, 
at the last assessment 18 (29%) patients had proteinuria and/or hematuria. 
Twelve patients had proteinuria; four of them had proteinuria greater than 0.5 
g/day. Four of the patients with proteinuria did not have ongoing treatment with 
ACE-Is or ARBs.  
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Logistic regression analyses showed that none of the assessed baseline clinical 
(gender, age, eGFR, proteinuria) or histological parameters (ISKDC grade) was 
associated with proteinuria at the last assessment. In addition, early prednisone 
treatment, given to 31 (50%) patients due to extrarenal symptoms or as part of 
a previous trial [125], was not associated with resolution of proteinuria. 
However, after adjustment of initial treatment (MP vs. CyA), significant 
association occurred with presence of proteinuria and time from nephritis onset 
to initiation (analyzed in months) of ACE-I/ARB (OR 1.26, 95% CI 1.02–1.56) and 
immunosuppressive treatment (OR 1.26, 95% CI 1.05–1.51). 

 

Table 14. Patient characteristics at the last assessment according to initial 
treatment (MP pulses vs. CyA) 

 MP pulses CyA 
Follow-up (years) 10.7 ± 4.6 10.9 ± 5.1 
Plasma creatinine (μmol/L) 68 (57–75) 69 (55–86) 
eGFR (mL/min/1.73m2) 108 ± 26 109 ± 12 
Plasma cystatin C (mg/L) 0.89 ± 0.27 0.90 ± 0.18 
Plasma urea (mmol/L) 4.8 ± 2.8 4.9 ± 1.2 
Patients with proteinuria, n (%) 10 (24) 2 (11) 
Patients with hematuria, n (%) 6 (15) 3 (17) 
Blood pressure medication, n (%) 8 (20) 7 (35) 
Blood pressure   
   Normal 15 (45) 9 (60) 
   Elevated  8 (24) 1 (7) 
   Hypertension 10 (30) 5 (33) 

MP, methylprednisolone; CyA, cyclosporine A; eGFR, estimated glomerular filtration 
rate 

 

A health questionnaire was obtained from 27 patients with initial MP pulse 
treatment and from 14 patients with initial CyA treatment (a total of 41 patients, 
66%). Ten patients reported recurrences of extrarenal HSP symptoms; five of 
them occurred during an infectious disease. Reported symptoms during 
recurrence were purpura (in 80% of patients with reported recurrence), arthritis 
(50%), stomach pain (50%), and bloody stool (20%). All ten patients had initially 
received MP pulse treatment and one patient had also received CyA before 
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recurrence. Six of the recurrences occurred after 1 year from the HSP onset and 
seven while not receiving any immunosuppressive therapy. The difference in 
patients with recurring HSP symptoms according to initial treatment (MP, 37% 
vs. CyA, 0%) was statistically significant (p = 0.009). Four women (3 MP, 1 CyA) 
reported pregnancies and three of them (2 MP, 1 CyA) had had proteinuria 
and/or hypertension during pregnancy. One patient reported degenerations in 
spinal vertebrae, which was considered to be caused by earlier treatment with 
MP pulses and oral steroids. One patient reported HSP occurrence in a first-
degree relative. Twenty-five (61%) patients reported that they had no regular 
control visits due to HSN; at the follow-up screening four of them had proteinuria 
and two had hematuria. 

5.6 Genetics of HSP and IBD (IV) 

After quality controls, the final study population comprised 46 HSP patients and 
49 IBD patients. Figures 12 and 13 present the main results of the HSP and IBD 
GWAS analyses, respectively. Several SNPs in the HLA region in chromosome 6 
surpassed the genome-wide level of significance in HSP, whereas in IBD no SNP 
occurred at that threshold. 

 

Figure 12. Results from genome-wide association study in Henoch-Schönlein purpura 
samples illustrated in a Manhattan plot. The red line (upper line) represents genome-
wide level of significance and the blue line significance level of p < 1 x 10-5. Figure 
modified from the originally reported Figure [Figure 1a in (IV)]. 
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Figure 13. Results from genome-wide association study in inflammatory bowel disease 
samples illustrated in a Manhattan plot. The red line (upper line) represents genome-
wide level of significance and the blue line significance level of p < 1 x 10-5. Figure 
modified from the originally reported Figure [Figure 1b in (IV)]. 

 

Table 15 presents HLA alleles that occurred, at the genome-wide significance 
level, more frequently in HSP patients than in the reference population. All of 
these alleles were from HLA class II. Of the HLA class I, the strongest association 
with HSP occurred in alleles HLA-C*04:01 (HSP 35% vs. reference population 
16%; p = 0.0018; OR 2.21, 95% CI 1.70–2.87) and HLA-B*35:01 (HSP 30% vs. 
reference population 13%; p = 0.0032; OR 2.15, 95% CI 1.64–2.81). 

In IBD patients no HLA allele occurred at the genome-wide level of significance. 
The three HLA class II alleles associated with HSP were less common in IBD 
patients than in the reference population (Table 15).  
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Table 15. HLA alleles associated with HSP at the genome-wide significance level. 
Frequency of these alleles in IBP patients is also visible. 

 HSP IBD Reference 
population 

HLA allele p-value OR  
[95% CI] 

Allele 
frequency 

Allele 
frequency 

Allele 
frequency 

DQB1*05:01 4.99 x 10-9 4.37 
[3.35–5.71] 

0.58 0.11 0.20 

DQA1*01:01 1.04 x 10-8 4.18 
[3.21–5.45] 

0.55 0.10 0.19 

DRB1*01:01 2.37 x 10-8 4.10 
[3.14–5.35] 

0.54 0.10 0.19 

HSP, Henoch-Schönlein purpura; IBD, inflammatory bowel disease; HLA, human 
leukocyte antigen; OR, odds ratio 

 

Twenty (44%) HSP patients had haplotype 
DQA1*01:01/DQB1*05:01/DRB1*01:01, whereas it occurred in 4 (8%) IBD 
patients and in 15% in the reference population. Additionally, haplotype 
B*35:01/DQA1*01:01/DQB1*05:01/DRB1*01:01 was more common in HSP 
patients (30%) than in IBD patients (2%) and in the reference population (5%). 
HSP patients positive for these haplotypes had similar baseline characteristics 
(age, gender, eGFR, proteinuria levels, kidney biopsy findings) and outcome as 
those HSP patients who were negative for the haplotypes.  
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6. Discussion 
6.1 Patients and study design (I–IV) 

Study I includes 53 HSN patients. Twenty-four (45%) of them were from a 
previous MP-CyA trial, which included only patients with severe HSN [147]. 
Therefore it is possible that patients with severe kidney histologic findings are 
over-represented in the cohort. However, patients with poor outcome 
accounted for only 8/53 (15%) patients, which is lower or similar than in some 
single-center series [94, 111]. This may be due to the fact that the majority of 
patients had received treatment for HSN. Twenty-six (49%) patients from Study 
I had undergone a follow-up biopsy and were thus eligible to enter Study II. The 
high frequency of patients with a follow-up biopsy is again due to the previous 
MP-CyA -trial in which a follow-up kidney biopsy was part of the study protocol 
[147]. In total, for eighteen patients follow-up biopsy was performed as part of 
that trial, whereas the remaining eight patients had undergone follow-up biopsy 
on clinical grounds.  

Study III was a longitudinal follow-up study. It covered HSN patients treated with 
MP pulses and CyA in Finland from a 16-year period. During that time MP pulses 
and CyA were the most commonly used immunosuppressive drugs for the initial 
treatment of severe HSN in Finland; therefore our cohort probably represents 
the majority of these patients from that era. Up-to-date clinical data was 
obtained from a recent follow-up visit or as the patient participated in the 
follow-up screening. Patients who had not had a recent follow-up visit were 
contacted via repeated invitation letters and, if necessary, phone calls. 
Ultimately up-to-date data was acquired from 51/62 (82%) of the patients. No 
differences occurred in participation rates between patients treated with MP 
pulses and CyA. The high rate is partly explained by the fact that it includes 
patients who still visit a nephrologist regularly. It was also essential that in 
Finland it is possible to obtain a person’s current contact information from the 
Digital and Population Data Services Agency.  

Most patients (36/46, 78%) in Study IV were also part of Study III and hence had 
received treatment with MP pulses or CyA. Ten (22%) additional patients were 
recruited from Helsinki University Hospital and Oulu University Hospital. 
Altogether 30 (65%) patients had nephrotic-range proteinuria and 34 (74%) 
showed crescent formation in kidney biopsy. The proportion of HSP patients 
with severe kidney involvement was thus strongly emphasized in the study 
population and the results may not therefore be generalizable to all Finnish HSP 



 

68 
 

patients. We included two different control groups: pediatric IBD patients and 
bone marrow and blood donors. Of these, bone marrow and blood donors 
represented general Finnish reference population. Inclusion of IBD patients was 
based on two grounds. First, they served as an inflammatory disease control 
group. We wanted to evaluate whether the results obtained from HSP patients 
reflect a general susceptibility to autoimmune diseases. Second, there is some 
evidence that IgAN occurs more frequently in IBD patients than in general 
population [185], and that IgAN and IBD may share common pathogenetic 
pathways [186]. We wanted to examine whether there are any signs of a 
common genetic background between HSP/HSN and IBD. 

6.2 Primary kidney biopsy in HSN (I) 

We adopted an expanded version of the histologic classification originally 
described by Ronkainen et al. for kidney histologic evaluation in IgAN [79]. It was 
compared to the ISKDC classification, which first appeared more than 40 years 
ago [7]. The major difference between SQC and the ISKDC classification resides 
in the number of histologic parameters evaluated; SQC considers 14 parameters, 
whereas the ISKDC classification assesses almost exclusively the percentage of 
glomeruli with crescents.  

Most biopsies in our cohort were ISKDC grades II (34%) or grade III (60%) as 
shown in Figure 5; only 3/53 (6%) patients belonged to grades IV or V. These 
advanced histologic findings (grades IV and V) have been infrequent findings in 
other contemporary HSN cohorts as well [73, 107, 187, 188]. Similar findings are 
visible also in the results of the studies assessing the Oxford classification in HSN, 
as shown in Table 5. In pediatric studies the frequency of C2 (denoting crescents 
in > 25% of glomeruli) has been between 5% and 19%; the frequency of crescents 
in over half of the glomeruli is naturally even less. Coppo et al. speculated that 
the advanced histological findings were more common in earlier HSN cohorts 
which represent patients biopsied and treated late in the disease course [95]. As 
it seems that nowadays, crescents rarely occur in over half of the glomeruli, most 
HSN patients with crescents therefore belong to ISKDC grade III. It could be 
valuable to further differentiate these patients, perhaps somewhat similarly to 
the Oxford classification, in which the threshold between C1 and C2 is at 25%. 

SQC total biopsy score and activity index performed better than the ISKDC 
classification in HSN outcome prediction when evaluated as AUC and AIC values. 
Of the SQC categories, the finding that activity score seemed more accurate than 
chronicity score appears understandable as the analyses involved diagnostic 
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kidney biopsies, thus chronic changes little time yet to develop. Other studies 
have also exhibited correlation between primary biopsy acuity score and clinical 
severity [80], and that active lesions associate with poor outcome [94]. In our 
study, in both AUC and AIC analyses, however, the SQC total biopsy score 
demonstrated better predictive ability than activity or chronicity indices alone. 
It may thus be useful to assess both acute and chronic changes together. The 
total biopsy score also provided a cutoff point for differentiation of outcome; 3% 
of patients with SQC total biopsy score below 11 had unfavorable outcome 
compared to 50% in those with total biopsy score 11 or more.   

One study has subsequently evaluated SQC in HSN outcome prediction. The 
study by Yel et al. assessed a cohort of 80 pediatric HSN patients with a median 
follow-up of 3.0 years. As there were only four (5%) patients with active renal 
disease and none with reduced renal function, in the ROC analyses Yel et al. 
compared patients with any signs of renal disease (i.e. outcome groups B–D 
according to the categorizations of Study I) to those with no signs of renal disease 
(outcome group A). This differs from the categorization applied in our study. 
With this categorization, AUC values of the SQC total biopsy score and ISKDC 
classification were similar. However, the four patients with active renal disease 
(outcome group C), compared to those with no signs of renal disease (group A), 
had significantly higher SQC total biopsy score and chronicity score [189]. 

Of the clinical parameters evaluated at the time of the renal biopsy, patients 
with unfavorable outcome, compared to those with favorable outcome, 
exhibited greater urine protein excretion and higher systolic blood pressure 
figures. No significant differences occurred in other parameters such as gender, 
age, or eGFR. The finding that abundant urine protein excretion seems 
detrimental is consistent with previous reports [28, 90, 91], and nephrotic-range 
proteinuria is considered as a major prognostic factor in HSN [5, 53, 190]. Results 
from other studies regarding hypertension are more contradictory. In two 
studies, hypertension was not a predictive factor for poor outcome in univariable 
or multivariable analyses [92, 95]. In these studies, however, patients were 
categorized to those with and without hypertension, whereas in our study, 
analysis involved absolute blood pressure values. 

Our study suggests that it is possible to develop a more sensitive histologic 
classification for HSN. As suggested by our results and also by the findings from 
the Oxford studies shown in Table 4, this classification should evaluate several 
histologic parameters. A separate analysis of activity and chronicity scores would 
possibly also be beneficial. Further studies are needed to assess the predictive 
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ability of the SQC, Oxford classification, and other histologic scoring systems. 
Given the rarity of the disease, these studies should most likely be multicenter 
and multinational in nature in order to gather an adequate number of patients 
with a sufficient follow-up period.  

6.3 Role of follow-up kidney biopsy in HSN (II) 

Between the diagnostic and follow-up biopsy, active lesions tended to decrease 
and chronic lesions increase; these changes were evident in both the SQC and 
MEST-C scores. The changes also occurred irrespective of the clinical status (i.e. 
proteinuria at the follow-up biopsy). Several previous studies have included 
evaluation of serial HSN kidney biopsies [13, 80, 86, 109, 149, 155, 164, 191]. 
Some of them have evaluated the changes in activity and chronicity indices, with 
the results attained being rather parallel to ours [13, 86], or in some studies, 
especially chronic lesions have not progressed as much between biopsies [80, 
191]. However, the histologic parameters included in the indices, time between 
first and second biopsy, and immunosuppressive therapies differ from those in 
our study, making it more difficult to compare the results. Nonetheless, 
consistent with the findings in studies by Shin et al. [191] and Algoet and 
Proesmans [192], progressive chronic changes occurred in our cohort in the 
follow-up biopsies of patients with favorable outcome. This can be considered 
as an insufficient response to therapy. Furthermore, as the increased histological 
chronicity may influence long-term outcome, our results suggest that all patients 
with severe HSN, including those with favorable outcome, require long-term 
follow-up. It is possible that kidney damage continues despite lack of clinical 
signs and eGFR has remained stable due to insufficient follow-up. 

The frequencies of S1 and C1-2 in our cohort’s diagnostic biopsies are 
comparable to the findings in other pediatric HSN cohorts (visible in Table 5), 
whereas the proportion of patients with M1, E1, and T1-2 showed more 
dissimilarity. These may stem from differences in biopsy timing, patient 
selection, and analyzed population, or be due to inter-observer variation 
between pathologists. Regarding the latter, previous analysis has shown that 
especially M and E lesions may be scored inconsistently [78]. No MEST-C 
parameter in diagnostic biopsies differed significantly between patients with and 
without proteinuria at the follow-up biopsy, which may be due to insufficient 
sample size. However, patients with prolonged proteinuria exhibited higher SQC 
activity scores in both biopsies and SQC chronicity score in the follow-up biopsy. 
This may indicate that evaluation of several histological parameters together 
may be more beneficial than that of single separate variables. 
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In the follow-up biopsies the presence of C1-2 was markedly associated with 
prolonged proteinuria. As MEST-C does not differentiate between cellular and 
fibrous crescents, we are unaware of the nature of these crescents. However, 
given that the follow-up biopsy occurred approximately two years after the 
onset of HSN, this finding supports the previous concept that treatment of HSN 
should be commenced before fibrotization of crescents [13]. In addition, our 
results indicate that active lesions in the diagnostic biopsy independently predict 
chronic lesions in the follow-up biopsy, thus giving further support to active 
treatment of HSN symptoms.  

M1 was equally present in diagnostic and follow-up biopsies. A study of adult 
IgAN patients who had undergone a follow-up biopsy after a 6-month treatment 
with MMF and prednisone arrived at similar results [193]. The clinical meaning 
of the persistent M1 is unknown; an M lesion may not be a flexible histological 
sign, or it may indicate persistence of the underlying pathogenetic event. 
Whether more therapy is needed is also unclear. This also applies to the 3/24 
(13%) follow-up biopsies with persistent E1 as in IgAN, the E lesion predicts 
outcome only in patients not treated with immunosuppression [194, 195]. 

A recent Chinese study compared occurrence of MEST-C lesions in pediatric IgAN 
and HSN cohorts. It showed relatively few differences between the diseases with 
mainly S1 being more common in HSN in a subgroup of patients biopsied more 
than 1 year after disease onset [196]. Other studies assessing pediatric IgAN 
patients have, however, showed more differences. In three studies E1 appeared 
in 10–23% and C1–2 in 18–44% of biopsies [197-199]. These figures are lower 
than those attained in our study and in other HSN cohorts. Occurrence of M1, 
S1, and T1–2 in the three IgAN studies showed more similarity to HSN cohorts 
[197-199]. The less frequent appearance of E1 and C1–2 may reflect the more 
insidious disease onset in IgAN compared to the acute nature of HSN. Some 
modifications to the Oxford classification may therefore be needed for 
evaluation of HSN, which is comprehensible given that the classification 
originates from patient data consisting predominantly of adult IgAN patients [76, 
77]. This is also highlighted by our finding that tubulointerstitial lesions of MEST-
C (i.e. T1–2) were absent in diagnostic biopsies. However, they were more 
common after inclusion of biopsies with less than 25% of interstitial fibrosis or 
tubular atrophy (T> 0%). As tubulointerstitial lesions may provide prognostic 
value [80, 109], it could therefore prove important to assess all lesions that affect 
the tubulointerstitium. 
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At disease onset, patients with prolonged proteinuria were older than those 
without prolonged proteinuria (11.2 vs. 7.7 years). Two recent French studies 
have attained similar results demonstrating that older pediatric patients were 
less likely to reach proteinuria remission after 3 years of follow-up [104, 107]. In 
addition, older children with HSN may exhibit more often chronic histologic 
lesions and less severe initial proteinuria [73]. These findings have led some 
authors to suggest that the clinical picture of HSN in older children develops to 
resemble more that of IgAN [73, 107].  

All five patients with unfavorable outcome had proteinuria at the follow-up 
biopsy, which is in accordance with previous reports indicating that prolonged 
proteinuria is detrimental [94-96]. However, the evaluation between patients 
with favorable and unfavorable outcome was significantly hampered by the low 
number of patients. Due to the fact that the follow-up kidney biopsy was part of 
the study protocol in a previous nationwide study [147], also patients who had 
no proteinuria had undergone a follow-up biopsy. This enabled us to compare 
biopsy findings in patients with and without prolonged proteinuria. 

As the favorable outcome can be transient and change even after decades [90-
92], one purpose of performing a follow-up biopsy could be to identify patients 
whose kidney histology has worsened and who may thus be at risk of disease 
progression. However, as all patients with unfavorable outcome had prolonged 
proteinuria and active signs decreased and chronic signs progressed between 
biopsies regardless of the clinical status, our results suggest that in HSN outcome 
prediction, follow-up biopsies provide limited additive information to clinical 
symptoms. 

6.4 Markers of inflammation and fibrosis in HSN (II) 

Expression of all analyzed markers was higher in HSN specimens than in control 
samples from normal kidneys. Surprisingly, biopsies from HSN patients without 
prolonged proteinuria exhibited in diagnostic biopsies more tubulointerstitial 
PSGL-1, α-SMA, and vimentin than biopsies from patients with prolonged 
proteinuria. Glomerular expression of PSGL-1 was similar between the two HSN 
groups. However, all markers showed, also in the tubulointerstitium, such a 
great overlap between the HSN groups (visible in Figure 9) that no clinically 
significant differences occurred. We were unable to assess α-SMA and vimentin 
expression from glomeruli. This was due to heavy staining, which precluded all 
analyses. 



 

73 
 

Tubulointerstitial α-SMA in diagnostic biopsy correlated positively with the SQC 
tubulointerstitial score in the follow-up biopsy. This could suggest that α-SMA 
may play a role in HSN pathogenesis. To our knowledge, the only other study 
assessing the role of α-SMA in HSN is the one by Kawasaki et al. [86]. They 
reported that the expression of α-SMA (both in glomeruli and 
tubulointerstitium) in the first biopsy correlated with a histological chronicity 
index assessed in the second biopsy [86]. As our tubulointerstitial index consists 
predominantly of chronic lesions, our findings can be considered consistent with 
those of Kawasaki et al., even though in our study α-SMA did not show significant 
correlation with the chronicity index itself. PSGL-1 in tubulointerstitium and 
glomeruli was not associated with active or chronic lesions in either biopsy. 
Vimentin was negatively associated with tubulointerstitial and chronic lesions in 
the follow-up biopsy. We found no previous reports on PSGL-1 or vimentin in 
HSN. We were unable to find an explanation for our counterintuitive results 
regarding vimentin, but nonetheless, according to our findings, in HSN it seems 
unsuitable for early detection of developing kidney fibrosis. 

6.5 Treatment of severe HSN (III) 

In our cohort covering a 16-year period, one patient developed kidney failure 
and another had eGFR below 60 mL/min/1.73m2; these account for 3% of all 
patients. In addition, at last assessment six patients (10%) had slightly decreased 
renal function (60-89 mL/min/1.73m2) and eighteen patients (29%) had 
proteinuria and/or hematuria. No significant differences occurred during the 5-
year follow-up or at last assessment between patients treated initially with MP 
pulses or CyA. This comparison is, however, hampered by the additional 
immunosuppressive therapy received by 38% and 10% of the patients treated 
initially with MP pulses and CyA, respectively. As the premeditated treatment 
time of MP was 4 months and that of CyA 1–2 years, the greater need of 
additional therapy in the MP pulse group could be due to the more rapid 
tapering of treatment. Patients with insufficient response to initial therapy also 
needed long-term therapy as the median duration of second-line CyA treatment 
was almost two years.  

Although it is possible for even severe HSN to resolve spontaneously [98], several 
studies have shown that this patient group carries a substantial risk of CKD and 
kidney failure [45, 90-92]. According to Finnish treatment policy, patients with 
severe HSN (i.e. nephrotic-range proteinuria and/or ISKDC grade ≥ III) have been 
actively treated in recent decades; we were therefore unable to include an 
untreated control group of patients with severe HSN. Given the elevated risk of 
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CKD it would also be unethical to leave severe HSN symptoms untreated. As 
such, we are unaware of how many patients would have recovered without any 
treatment. Furthermore, 95% patients in our cohort were treated with ACE-Is or 
ARBs and it is naturally not possible to differentiate their benefit from those of 
the given immunosuppressive therapy. 

Corticosteroids are commonly used to treat severe HSN [118], but one argument 
in favor of CyA and other non-steroidal immunosuppressive agents is that they 
avoid the many side effects of long-lasting corticosteroid treatment. The optimal 
duration and trough levels of CyA treatment are still unknown; in previous 
studies it has been used with various treatment times and trough levels [148-
152]. Park et al. reported that of 29 HSN patients treated with CyA, at the end of 
follow-up one patient (3%) progressed to kidney failure and 2 (7%) had urinary 
abnormalities with normal renal function. Due to various reasons, six of their 
patients received CyA for less than six months but all of them had normal urinary 
findings at the end of follow-up [148]. In our study the shortest duration of CyA 
was 0.8 years. It remains to be studied whether a shorter treatment duration 
could provide similar results as the 1-year treatment. Nonetheless, consistent 
with previous findings [147, 148, 150], our results suggest that CyA is efficient as 
a sole immunosuppressive therapy. 

A known adverse effect of CyA is nephrotoxicity, but its underlying mechanisms 
are not yet totally understood. Typically it presents as arteriolopathy, tubular 
atrophy, striped tubulointerstitial fibrosis, and presence of inflammatory cells 
[200]. In the present results, serum levels of creatinine, cystatin C, and urea at 
the last assessment were similar between patients treated initially with MP 
pulses and CyA, suggesting that CyA inflicted no major kidney damage. This may 
due to the fact that CyA treatment lasted only 1.2 years on average, i.e. not long 
enough for severe damage to occur. Unfortunately we do not have follow-up 
biopsy material available from which the possible kidney damage could have 
been directly analyzed. However, in the RCT comparing CyA and MP, follow-up 
biopsies were included in the study protocol. In that trial no significant 
differences in tubulointerstitial lesions occurred between MP- and CyA-treated 
patients, but mild signs of tubular atrophy were present in all six CyA-treated 
patients who had undergone a follow-up biopsy [147].  

Forty-one patients (66%) completed the health questionnaire. One major finding 
was that none of the patients treated initially with CyA reported HSP 
recurrences, whereas the corresponding figure was 37% in those with initial MP 
pulse treatment. Most of the reported recurrences occurred more than 1 year 
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after the disease onset and while receiving no immunosuppression. Better 
suppression of recurrences in the CyA group may be explained by the longer 
treatment duration of CyA. However, these results were obtained from health 
questionnaires and therefore have to be interpreted with caution. Another 
interesting finding was that the majority (61%) no longer had any control visits 
due to HSN. Six of them presented urinary abnormalities at the screening, which 
emphasizes the need for long-term follow-up. 

The overall outcome in our cohort was relatively good as patients with kidney 
failure and decreased GFR were rare. However, almost one third still had some 
urinary abnormalities and these patients are at risk of a future decline in kidney 
function. This emphasizes a need for a long-term follow-up for HSN patients. The 
exact mechanism of how MP pulses and CyA reduce proteinuria in HSN is not 
well known. MP and other corticosteroids have several mechanisms for their 
immunosuppressive action. They inhibit synthesis cytokines and influence the 
development of B and T lymphocytes [201]. In experimental animal models 
intravenous MP has also shown therapeutic effects on crescentic 
glomerulonephritis [202]. CyA is a calcineurin inhibitor which influences the 
activation of T cells [201]. However, the study by Faul et al. suggested that the 
antiproteinuric effect of CyA is independent of the T cell inhibition, and is rather 
due to stabilization of the podocyte actin cytoskeleton [203]. A study by Shen et 
al. supported these findings by showing a direct protective effect of CyA in 
podocytes [204]. It is possible that the differences in antiproteinuric mechanisms 
lead to dissimilarities in outcomes in HSN patients treated with MP pulses and 
CyA. 

6.6 Effect of early treatment on HSN outcome (III) 

Wakaki et al. reported the outcome of 42 HSN patients with nephrotic state 
presentation. They discovered that 10/22 (45%) of patients with nephrotic state 
lasting over 3 months developed kidney failure compared to none of those with 
less than 3 months’ nephrotic state duration. Ten (53%) of the patients with 
nephrotic state lasting less than 3 months had received no immunosuppressive 
therapy, meaning that they represent natural disease course and spontaneous 
recovery [98]. Other studies have also shown that even more than proteinuria 
levels at disease onset, proteinuria during follow-up is predictive of outcome 
[94-96]. Observing the duration of proteinuria could therefore possibly provide 
a practicable means to identify patients at risk of developing long-term kidney 
consequences.  
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The shortcoming of this kind of approach is the observation time it requires as 
there is some evidence suggesting that immunosuppressive therapy in HSN may 
be more efficient when started early. Niaudet & Habib reported the outcome of 
38 children treated with MP pulse therapy. Four (11%) developed kidney failure 
and three of them had been treated late after disease onset. The authors 
concluded that therapy should be started early before fibrotization of crescents 
[13]. In the series reported by Shenoy et al., the only patient with kidney failure 
was also referred late [166]. In addition, histopathologic studies have also 
provided findings that support early treatment. They have shown that chronic 
lesions become more abundant with a longer delay in kidney biopsy [73, 80, 
107], and that histologic improvement is associated with early initiation of 
immunosuppressive therapy [191]. These findings implicitly suggest that delay 
in therapy carries a risk of producing more fibrotic lesions.  

Our present results also suggest that early treatment is beneficial, as the time 
from HSN onset to initiation of treatment was associated with persistent 
proteinuria. The risk was similar for delay in both immunosuppressive therapy 
and ACE-Is, which is possibly explained by the fact that in many patients they 
were started simultaneously. Altogether in six patients immunosuppressive 
therapy was delayed to over six months and four of them had proteinuria at the 
last assessment. It remains unknown whether a clear cutoff exists when 
treatment has to be started at the latest. Nonetheless, other authors have 
commented that by following the KDIGO HSN guidelines effective treatment may 
be unnecessarily delayed [107, 205], a notion that is supported by the results of 
this thesis. 

6.7 Genetics of HSP and IBD (IV) 

Findings from GWAS and HLA analyses suggest that particularly HLA region II 
alleles may affect HSP susceptibility. GWAS revealed no significant associations 
outside the HLA region. Haplotypes DQA1*01:01/DQB1*05:01/DRB1*01:01 and 
B*35:01/DQA1*01:01/DQB1*05:01/DRB1*01:01 occurred more frequently in 
HSP patients than in the reference population. It is also noteworthy that these 
HLA associations did not occur in IBD patients.  

López-Mejías et al. have conducted the only previous GWAS in HSP patients [63]. 
The clinical characteristics in their cohort were, however, slightly different from 
our HSP patients. For example, their cohort also included adult HSP patients 
(19% of the cohort) and contained a lower percentage of patients with HSN 
(38%) and nephrotic syndrome (4%). The strongest association with HSP in the 
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study by López-Mejías et al. occurred at an intergenic region between HLA-DQA1 
and HLA-DQB1. These genes are in high LD with the HLA-DRB1 gene. They also 
found a potential signal within the HLA-B gene [63]. These results are consistent 
with our findings. Given the differences in clinical characteristics between the 
two cohorts, it seems plausible that these HLA associations represent association 
with HSP, and not with HSN or other HSP subgroups. The finding that baseline 
characteristics and outcome were similar between patients positive and 
negative for haplotypes DQA1*01:01/DQB1*05:01/DRB1*01:01 and 
B*35:01/DQA1*01:01/DQB1*05:01/DRB1*01:01 further supports this notion. 

Several earlier studies have assessed whether different HLA-DRB1 phenotypes 
associate with HSP susceptibility or with some specific HSP symptom [206-210]. 
Many studies have reported an association with HLA-DRB1*01 allele and 
susceptibility to HSP [207-209], although this association has not occurred in all 
cohorts [206, 210]. Other alleles with reported association with HSP are HLA-
DRB1*11 [206, 208, 210] and HLA-DRB1*14 [210]. Interestingly, patients with 
and without HSN have not shown differences in HLA-DRB1 phenotypes [206-
210]. Association between HLA-DRB1 and HSP therefore seems to be 
independent of HSN, but may vary depending on the analyzed population. Other 
HLA alleles that have been suggested to associate with HSP susceptibility are 
HLA-DQA1*0101, HLA-DQB1*0501, and HLA-DQB1*0301 in an Italian cohort 
[208] and HLA-DQA1*0301 in Korean HSP patients [211]. 

None of the HLA class I alleles associated with HSP susceptibility at the genome-
wide significance level. The strongest associations occurred in alleles HLA-
C*04:01 and HLA-B*35:01. Previous studies have shown varied results. Some 
cohorts have shown association with HLA-B*35 [212, 213], whereas others have 
had contradictory results [214-216]. HLA-B*35 was also associated with HSN in 
an Italian cohort [214], but subsequent studies have failed to validate this finding 
[213, 215]. Other HLA class II alleles with reported association with HSP 
susceptibility include HLA-B*41:02 [215], HLA-A*2 [213], and HLA-A*11 [213]. 

Case reports have described co-occurrence of IBD and IgAN in pediatric patients 
[217], and IBD and IgAN seem to co-occur more often than is expected also in 
adult patients [185]. Consistent with these findings, a GWAS of IgAN patients 
revealed susceptibility loci that are also associated with the risk of IBD or are 
involved in maintaining intestinal mucosal barrier or regulating mucosal immune 
response [186]. In our study, HLA alleles with the strongest association with HSP 
susceptibility occurred in fact less frequently in IBD patients than in the 
reference population. Urinary abnormalities in our IBD patients were, however, 
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rare, and it is unknown whether HSP/HSN and IBD patients with kidney 
involvement would have more common genetic variability.  

6.8 Limitations and strengths (I–IV) 

A common limitation in Studies I–IV is the limited number of patients. All four 
studies include almost exclusively patients who had undergone a kidney biopsy 
and/or had severe proteinuria. Patients with these characteristics are, however, 
rare, representing a small minority of all HSP patients [29, 111]. The limited 
number of patients contributed to the small number of variables included in 
regression analyses (I, III). Therefore, the results, especially from the regression 
analyses, have to be interpreted with caution.  

Studies assessing kidney biopsies (I, II) share some common limitations. First, 
and most importantly, most patients in both studies had received several 
immunosuppressive drugs and ACE-Is, which has most likely altered the natural 
course of HSN. Therefore, as previously proposed [45], the overall prognostic 
capability of kidney biopsies may be hampered. However, although there is 
treatment-induced bias, the comparison of the two classifications is not 
influenced to the same extent as the scorings were based on the same biopsies 
and then compared against each other in their ability to predict the outcome (I). 
Second, all scoring and grading based on histologic evaluations is subject to 
inter-rater variability (I, II). 

Other limitations include that there were no convergent criteria for the initiation 
of second-line treatment after MP pulses and CyA. There is therefore some 
variability as to when additional immunosuppressive therapy was started (III). 
Another aspect is that long-term follow-up studies have shown that clinical 
deterioration may occur even decades after the disease onset [90-92]. Even 
though the median follow-up in the studies included in this thesis was between 
7 and 10 years, this must be kept in mind when interpreting the results.  

The strengths of these studies include the well-characterized study populations 
and an average follow-up between 7 and 10 years (I–IV). Patients treated with 
MP pulses and Cya represent a 16-year period, and all patients were treated with 
the same MP pulse or CyA protocol (III). Study IV includes a large reference 
population representative of Finnish population.  

6.9 Future considerations 

In recent years, some authors have commented that a new histologic 
classification similar to that of the Oxford classification in IgAN [76-78] should be 
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developed for HSN [205, 218]. Indeed, within the last few years many studies 
have evaluated the Oxford classification in HSN (Tables 4 and 5). Most of them 
have shown that especially in pediatric cohorts, chronic lesions (S, T) are 
predictive of outcome. However, no definitive conclusions can yet be drawn on 
the matter, and more studies are needed on the predictive capability of the 
MEST-C and other classifications. Another interesting and useful application 
would be the combination of histologic and clinical data (most importantly, 
proteinuria) to achieve better prognostication. Advances of this kind have been 
reported in IgAN where the combination of MEST-C scores and initial clinical data 
provides comparable prognosis to clinical data alone from a two-year follow-up 
[219]. 

SQC originally appeared as a histologic scoring system for IgAN [79]. As there are 
differences in the frequencies of histologic parameters between IgAN and HSN 
[122], this explains some of the rather low thresholds in the scoring system. For 
example, maximum 3 points from crescents are achieved when more than 10% 
of the glomeruli are affected. In Study I, few patients had crescents in less than 
10% of glomeruli (Figure 5). Therefore, in HSN it could be appropriate to change 
some of the SQC point thresholds. In addition, endocapillary proliferation may 
carry prognostic significance in HSN [108], but is currently omitted from SQC. 
SQC and other histologic scoring systems should also be properly assessed for 
their reproducibility.   

According to the results of this thesis and those obtained by other studies [148, 
149] CyA seems efficient in treating severe HSN. More studies are, however, 
needed to evaluate which dosages and treatment times would provide good 
therapeutic result with minimal side effects. There are also only two RCTs in 
pediatric HSN [147, 158] and additional prospective studies comparing different 
immunosuppressive drugs would therefore be valuable. To acquire a sufficiently 
large patient material, they would benefit greatly from multinational 
collaboration. Additionally, as there is little evidence-based data on ACE-Is in 
HSN, it would be interesting to know which patients could be treated solely with 
ACE-Is. 
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7. Conclusions 
- It seems possible to develop a histological classification for HSN which is more 
sensitive than the current ISKDC classification. Our findings suggest that the new 
classification should evaluate several histologic variables and possibly divide 
them into activity and chronicity scores. 

- Follow-up kidney biopsies of HSN patients, even after successful therapy, 
contain progressive chronic histologic lesions. The clinical meaning of these 
lesions in unclear. Our results, however, support long-term follow-up after 
severe HSN. Follow-up biopsies provided limited additional information to 
clinical symptoms in HSN outcome prediction.  

- Expression of tubulointerstitial α-SMA in the diagnostic kidney biopsy 
correlated positively with the histological tubulointerstitial findings in the follow-
up kidney biopsy. This may suggest that α-SMA plays a role in HSN pathogenesis. 
PSGL-1 and vimentin do not seem to be suitable for early detection of developing 
kidney fibrosis in HSN. 

- Outcome of severe HSN is relatively good after MP pulse and CyA treatment. 
However, urinary abnormalities may persist, which may have a deteriorating 
influence on future kidney function. This warrants long-term follow-up after 
severe HSN. Our results also suggest that early therapy in HSN may be beneficial. 

-HLA class II alleles DQA1*01:01, DQB1*05:01, and DRB1*01:01 are associated 
with HSP susceptibility in Finnish HSN patients. GWAS revealed no significant 
associations outside the HLA region. These HLA alleles were not, however, 
associated with the severity of the kidney involvement. In addition, the HLA 
associations did not occur in pediatric IBD patients, suggesting that they are 
specific to HSP and do not represent susceptibility to autoimmune diseases in 
general. 
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