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Laboratory Markers Indicating Gastrointestinal Involvement
of Henoch-Schénlein Purpura in Children
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Chuncheon, *Department of Pediatrics, Seoul National University Bundang Hospital, Seongnam, Korea

Purpose: To determine clinically useful biochemical markers reflecting disease activity and/or gastrointestinal (Gl)
tract involvement in Henoch-Schénlein purpura (HSP).

Methods: A total of 185 children with HSP and 130 controls were included. Laboratory data indicating inflammation,
standard coagulation, and activated coagulation were analyzed for the HSP patients, including measurements of
the hemoglobin level, white blood cell (WBC) count, absolute neutrophil count (ANC), platelet count, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) level, prothrombin time, activated partial thromboplastin time,
and fibrinogen, D-dimer, and fibrin degradation product (FDP) levels. The clinical scores of the skin, joints, abdomen,
and kidneys were assessed during the acute and convalescence phases of HSP.

Results: The WBC count, ANC, ESR, and CRP, fibrinogen, D-dimer, and FDP levels were significantly higher in
the acute phase compared with the convalescent phase of HSP (p<0.05). The total clinical scores were more strongly
correlated with the D-dimer (r=0.371, p<0.001) and FDP (r=0.369, p<0.001) levels than with inflammatory markers,
such as the WBC count (r=0.241, p=0.001), ANC (r=0.261, p<0.001), and CRP (r=0.260, p<0.001) levels. The pa-
tients with Gl symptoms had significantly higher ANC (median [interquartile range], 7,138.0 [4,446.4-9,470.0] vs.
5,534.1[3,263.0-8,153.5], p<0.05) and CRP (0.49[0.15-1.38] vs. 0.23 [0.01-0.67], p<0.05), D-dimer (2.63 [1.20-4.09]
vs. 1.75[0.62-3.39]), and FDP (7.10[0.01-13.65] vs. 0.10 [0.01-7.90], p<0.05) levels than those without GI symptoms.
Conclusion: D-dimer and FDPs are more strongly associated with disease activity and more consistently reflect Gl
involvement than inflammatory markers during the acute phase of HSP.
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INTRODUCTION

Henoch-Schonlein purpura (HSP) is the most
common systemic vasculitis affecting children. It
typically involves the small vessels of skin, gastro-
intestinal (GI) tract, joints, and kidneys. HSP is usu-
ally diagnosed on the basis of clinical features, such
as purpuric rash, colicky abdominal pain, arthralgia,
and hematuria [1,2]. However, in approximately
10-40% of patients, GI and/or joint symptoms may
precede the onset of skin purpura, which is a man-
datory diagnostic criterion, by up to 2 weeks [2-4].
Therefore, it may be difficult to diagnose HSP when
a patient exhibits an atypical presentation of HSP.
Actually, the interval between symptom onset and
diagnosis is reported to be 1-30 days [5,6].

Although the prognosis of HSP is generally good,
GI tract involvement is the most serious potential
complication of HSP; massive GI bleeding, bowel in-
farction, and perforation as well as intussusceptions
may develop. In fact, surgical interventions asso-
ciated with GI complications are performed in ap-
proximately 5-12% of patients with HSP, and the re-
currence rate has been reported to be up to 30% [7].
However, abdominal symptoms are easily consid-
ered to be nonspecific in children. Furthermore, to
date, no specific serologic marker that can aid in the
diagnosis of HSP or distinguish it from other diseases
with similar clinical manifestations has been identified.
Therefore, there is a strong need in clinical practice to
determine markers of GI tract involvement when the
first or only presenting symptoms are GI-related to
avoid invasive procedures, such as endoscopy and
laparotomy.

HSP is an immune complex-mediated disease.
Vascular deposition of immunoglobulin A (IgA)-
dominant immune complexes usually induces endo-
thelial cell damage via the actions of inflammatory
cytokines and recruitment of inflammatory cells
[8,9]. Theses endothelial cell alterations con-
sequently lead to hemostatic alterations, such as fi-
brinolysis and the activation of coagulation [10]. A
few studies have shown that biochemical markers
reflecting endothelial cell damage or hemostatic al-
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terations are elevated in several types of systemic vas-
culitis [11-13]. However, the correlations between
these markers and disease severity, especially in
HSP, are not completely clear.

Therefore, to determine clinically useful biochemical
markers to support the clinical diagnosis of HSP, this
study evaluated laboratory parameters of inflammation
and activated coagulation during the course of the
disease. Furthermore, we aimed to demonstrate po-
tential biomarkers reflecting the disease activity of
HSP and/or indicating GI involvement by comparing
these parameters with a clinical scoring system that
have been suggested for scoring the clinical severity
of HSP [14,15].

MATERIALS AND METHODS

Patients

We retrospectively reviewed the clinical data and
laboratory parameters of children diagnosed with
HSP at the Seoul National University Bundang
Hospital from January 2004 to February 2011. HSP
was diagnosed on the basis of the criteria proposed
by the American College of Rheumatology, which
require individuals to meet at least 2 of the following
criteria: younger than 20 years of age at the time of
disease onset, palpable purpura on the skin, bowel
angina manifesting as diffuse abdominal pain that
worsens after meals or bloody diarrhea, and gran-
ulocytes in the walls of arterioles and venules de-
tected in skin biopsy [1]. Patients were excluded if
they had additional evidence of infection. Healthy
children referred to our clinic because of abdominal
pain and for whom thorough investigations did not
reveal any organic diseases were recruited as
controls. This study was approved by the institu-
tional review board of the Seoul National University
Bundang Hospital (IRB B-1107-132-114).

Assessment of HSP disease activity

We evaluated the disease activity of HSP according
to the previously described clinical scoring system
[14,15]. Skin, joint, abdominal, and renal symptoms
were scored as 0-3, and the sum of the 4 subscores
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Table 1. Clinical Scores for Henoch-Schénlein Purpura [14,15]

Skin score
0=no skin symptoms
1=purpuras located on buttocks and lower extremities alone
2=purpuras located on buttocks, lower extremities, and
trunk
3=purpuras located on buttocks, lower extremities, upper
extremities, and trunk
Joint score
0=no joint symptoms
1=joint pain and/or swelling of slight grade
2=joint pain and/or swelling of moderate grade
3=joint pain and/or swelling of severe grade
Abdominal score
0=no abdominal symptoms
1=slight abdominal pain and/or occult blood in the stool
(+)
2=moderate abdominal pain and/or occult blood in the stool
(2+/3+)
3=severe abdominal pain and/or melena, hematochezia
Kidney score: hematuria and/or proteinuria as follows
0=no proteinuria and no hematuria
1=proteinuria (+) and/or hematuria (+)
2=proteinuria (2+/3+) and/or hematuria (2+/3+)
3=proteinuria (>3+) and/or hematuria (>3+)

was recorded as the total clinical score (0-12) for
each patient (Table 1).

The scores were assessed by the same physician for
both the acute and convalescent phases of the
disease. The acute phase was defined as the period
during which the patient presented with any clinical
symptoms of HSP including purpura, abdominal
pain, arthralgia, and hematuria. Meanwhile, the con-
valescent phase was defined as the period when all pre-
sented symptoms had resolved regardless of relapse.

Laboratory parameters

Blood samples were obtained from all patients
with HSP during both the acute and convalescent
phases. The following laboratory data indicating in-
flammation, standard coagulation, and activated co-
agulation were analyzed in the patients: hemoglo-
bin, white blood cell (WBC) count, absolute neu-
trophil count (ANC), platelet count, erythrocyte sed-
imentation rate (ESR), C-reactive protein (CRP) lev-
el, prothrombin time (PT), activated partial throm-
boplastin time (aPTT), and fibrinogen, D-dimer, and
fibrin degradation product (FDP) levels. Fibrinogen,

D-dimer, and FDP levels were also measured in the
controls and compared to those in the patients.
D-dimer levels were quantitatively analyzed by us-
ing an immunoturbidimetric method with a D-dim-
er assay kit (DiagnosticaStago, Asnieres, France),
and the results were analyzed using an STA Compact
CoagulationAnalyzer (DiagnosticaStago). FDPs were
measured using a Pacific Hemostasis FDP Assay Kit
(Fisher Diagnostics, Middletown, VA, USA).

Statistical analysis

The data were analyzed using PASW version 18.0
statistical software (IBM Co., Armonk, NY, USA). A
linear mixed model was applied to evaluate differ-
ences in the factors between the acute and convalescent
phases of HSP. Student’s t-test, the Mann-Whitney
U-test, and Spearman correlation coefficients were
also used to analyze the data as appropriate. The
acute- and convalescent-phase patients as well as
the controls were compared using one-way ANOVA
and the Kruskal-Wallis test. The level of statistical
significance was set at p<0.05.

The statistical methods of this study were re-
viewed by Medical Research Collaborating Center at
the Seoul National University Bundang Hospital.

RESULTS

Clinical features of patients

A total of 185 children (101 boys and 84 girls;
mean age, 6.6=2.9 years) were enrolled in the pa-
tient group. An additional 130 healthy children (55
boys and 75 girls; mean age, 7.0=2.3 years) without
HSP served as controls.

The clinical scores of the patients during the acute
phase of HSP are shown in Table 2. A total of 132 pa-
tients (71.4%) had GI symptoms at disease onset,
and renal manifestations were observed in 20 pa-
tients (10.8%) at the time of HSP diagnosis. Thirteen
patients (7.0%) did not have skin lesions as an initial
manifestation of the disease.

During the acute phase, 123 patients were initially
treated with corticosteroids. HSP symptoms resolved
spontaneously without any intervention in the other
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Table 2. Clinical Scores of the Patients in Acute Phase of
Henoch-Schonlein Purpura

Table 3. Laboratory Markers of the Patients during the Acute
and Convalescent Phases of Henoch-Schonlein Purpura

Clinical Skin Joint Abdominal Kidney Laboratory Acute Convalescent
score score score score score markers phase phase p-value
0 13 (7.0) 88 (47.6) 53 (28.6) 165 (89.2) Hemoglobin (g/dL)  12.98=0.08 12.82+0.11 0.265
1 116 (62.7) 73 (39.5) 71 (38.4) 9 (4.9) WBC (/mm3) 11,027.99+346.18 9,327.30%=394.03 0.001
2 2 (L.1) 22 (11.9) 40 (21.6) 7 (3.8) ANC (/mm’) 7,325.97+326.01 5,574.32+360.15 <0.001
3 54 (29.2) 2 (1.1) 21 (11.4) 4 (2.2) Platelet (x10°/L) 67.95+7.91 356.96+11.31  0.427
Total 185 (100) 185 (100) 185 (100) 185 (100) ESR (mm/h) 18.06+1.43 12.08+1.77 0.009
Values are presented as patients number (%). CRP (mg/dL) 1.0920.16 0-23=051 <0001
PT (INR) 1.04+0.01 1.03+0.01 0.170
aPTT (sec) 37.61x0.43 36.18+0.96 0.177
Fibrinogen (mg/dL) 372.75%6.55 284.16x11.91 <0.001
62 patients. Among the 123 corticosteroid-treated D-dimer ( z2g/mL) 3264027 0.59+0.14 <0.001
patients, 29 required additional intravenous im- FDPs ( £g/mL) 8.34+1.09 0.82+0.21 <0.001

munoglobulin administration for intractable HSP.
Three of them who were refractory to immunoglobulin
were additionally managed with high-dose methyl-
prednisolone pulse therapy, and 2 who did not re-
spond to methylprednisolone pulse therapy were ul-
timately treated with plasmapheresis. No patients
underwent surgery for GI tract complications.

Laboratory parameters of HSP

The laboratory parameters of the patients in the
acute and convalescent phases of HSP are presented
in Table 3.

The WBC count, ANC, ESR, and CRP levels dif-
fered significantly between the acute and con-
valescent phases of the disease. However, there were
no significant differences with respect to the hemo-
globin level, platelet count, PT, or aPTT between
phases. Moreover, the mean platelet level, PT, and
aPTT were within normal ranges, even during the
acute phase.

The fibrinogen, D-dimer, and FDP levels were sig-
nificantly higher during the acute phase than during
the convalescent phase. These markers were also sig-
nificantly higher during the acute phase of the dis-
ease than the values in the control group (p<0.05)
(Fig. 1).

Relationships between total clinical score and
laboratory parameters during the acute phase
of HSP

The total clinical scores were significantly corre-
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Values are presented as means=*standard errors. Linear mixed
model was applied for statistical analysis.

WBC: white blood cell count, ANC: absolute neutrophil count,
ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, PT:
prothrombin time, INR: international normalized ratio, aPTT:
activated partial thromboplastin time, FDPs: fibrin degradation
products.

lated with the skin score (r=0.646, p<0.001), joint
score (r=0.430, p<0.001), abdominal score (r=0.639,
p<0.001), and kidney score (r=0.239, p=0.001)
during the acute phase of HSP. The total scores were
also significantly correlated with the WBC count
(r=0.241, p=0.001), ANC (r=0.261, p<0.001), CRP
level (r=0.260, p<0.001), D-dimer level (r=0.371,
7<0.001), and FDP level (r=0.369, p<0.001).

Subgroup analysis according to the abdominal
score of HSP

During the acute phase, the ANC, CRP, D-dimer,
and FDP levels were significantly higher in the pa-
tients with GI symptoms (i.e., abdominal scores of
1-3) than in those without GI symptoms (i.e., ab-
dominal score of 0) (p<0.05, Fig. 2).

When the patients were categorized into 3 groups
corresponding with the presence of no, mild, or sig-
nificant GI symptoms according to their abdominal
scores (abdominal scores of 0, 1, 2-3, respectively),
there were significant differences in the WBC count,
ANC, and CRP, D-dimer, and FDP levels among the
subgroups of patients with GI symptoms (p<0.05,
Table 4). In particular, the patients with significant
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GI symptoms (abdominal scores of 2-3) had higher
WBC counts, ANC, CRP, D-dimer, and FDP levels
than those without GI symptoms (abdominal score
of 0) (p<0.05) (Fig. 2).

DISCUSSION

The results of the present study demonstrate that
laboratory markers of activated coagulation sig-
nificantly reflect the disease activity of HSP. In par-
ticular, fibrin-related markers, such as D-dimer and
FDPs, were more strongly associated with clinical
symptoms than inflammatory markers. Furthermore,
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Fig. 1. Comparison of the levels of (A) fibrinogen, (B)
D-dimer and (C) fibrin degradation products (FDPs) among
the patients of acute phase, convalescent phase, and healthy
controls. The fibrinogen, D-dimer, and FDP levels during the
acute phase of the patients were significantly higher than
during the convalescent phase and those in the control group
(p<0.05).

D-dimer and FDP levels consistently reflected GI
tract involvement during the acute phase of HSP.
Although the etiology of HSP remains unknown,
infectious agents, vaccination, and medications have
been suggested to trigger an immune response. In
addition, IgA in serum and mucosal secretions plays
a pivotal role in the pathogenesis of HSP [16].
Several studies have suggested that the abnormal
glycosylation of IgAl (1 of the 2 subclasses of IgA)
aggregates into macromolecular complexes, which
activate the alternative complement pathway and
recruit inflammatory cells [17]. Moreover, recent
studies have shown that a variety of IgA autoanti-
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Fig. 2. Comparison of the levels of (A) white blood cell
(WBC), (B) absolute neutrophil count (ANC), (C) C-reactive
protein (CRP), (D) D-dimer, and (E) fibrin degradation
products (FDPs) among the patients categorized according to
the abdominal score of Henoch-Schonlein purpura. The ANC,
CRP, D-dimer, and FDP levels were significantly higher in the
patients with gastrointestinal (GI) symptoms (abdominal
scores of 1-3) than those without GI symptoms (abdominal
score of 0) (p<0.05). The patients with significant GI
symptoms (abdominal scores of 2-3) had higher WBC counts,
ANC, CRP, D-dimer, and FDP levels than those without GI
symptoms (abdominal score of 0) (p<0.05). GI symptom: no,
abdominal score 0; mild, abdominal score 1; significant,
abdominal score 2-3.
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Table 4. Laboratory Markers of the Patients according to the Abdominal Score in the Acute Phases of Henoch-Schénlein Purpura

No GI symptoms

Mild GI symptoms

Significant GI symptoms

BRSO (abdominal score 0) (abdominal score 1) (abdominal score 2-3) p-value
Hemoglobin (g/dL) 12.8 (12.2-13.4) 13.1 (12.3-13.7) 13.0 (12.4-13.8) 0.186
WBC (/mm’) 9,960 (6,655-12,850) 9,980 (7,520-11,965) 11,890 (8,900-15,400) 0.012
ANC (/mma) 5,534.1 (3,263.0-8,153.5) 6,226.1 (3,913.7-8,541.0) 8,240.0 (5,823.1-10,491.0) 0.002
ESR (mm/hr) 16.5 (6.0-26.0) 13.0 (7.5-21.5) 14.0 (5.5-22.0) 0.552
CRP (mg/dL) 0.23 (0.01-0.67) 0.40 (0.05-1.37) 0.60 (0.30-1.39) 0.002
Fibrinogen (mg/dL) 369.5 (326.0-425.5) 358.0 (317.0-422.5) 375.5 (309.5-444.0) 0.638
D-dimer (s g/mL) 1.75 (0.62-3.39) 2.42 (0.69-4.36) 3.21 (1.60-3.90) 0.025
FDPs (xg/mL) 0.10 (0.01-7.90) 0.06 (0.01-10.90) 10.35 (3.90-15.40) 0.005

Values are presented as median (interquartile range). Patients were categorized into 3 groups corresponding with the presence of

no, mild, or significant GI symptoms according to their abdominal scores (abdominal scores of 0, 1,

2-3, respectively).

GI: gastrointestinal, WBC: white blood cell count, ANC: absolute neutrophil count, ESR: erythrocyte sedimentation rate, CRP:

C-reactive protein, FDPs: fibrin degradation products.

bodies are associated with HSP. These autoanti-
bodies have been reported to be cross-reactive with
endothelial cells and to induce complement-depend-
ent cell lysis [18].

It is understood that there is a bidirectional rela-
tionship between inflammation and coagulation
systems. The activation of inflammation leads to the
activation of the coagulation system, which also
markedly affects inflammatory activity. This is con-
sidered important in the pathogeneses of vascular
diseases [19]. Proinflammatory cytokines and che-
mokines, polymorphonuclear cells, platelets, endo-
thelial cells, fibrinogen, and fibrin have been re-
ported to be important mediators of the activation of
inflammation and coagulation [19,20]. In fact, sev-
eral studies have investigated the roles and patterns
of these molecules in the pathogenesis of HSP
[9,16,21].

To date, there have been some efforts to apply the
molecules involved in endothelial cell damage and
the consequent activation of coagulation as in-
dicators of HSP disease severity. Factor XIII, a fi-
brin-stabilizing factor, is significantly decreased dur-
ing the acute phase of HSP and has been suggested to
be a prognostic indicator of this disease [22,23].
Another study has shown that only the level of von
Willebrand factor, which is synthesized by endothe-
lial cells and released into circulation upon endothe-
lial stimulation, is correlated with disease activity,

and there are no correlations between factor XIII and
clinical symptoms [14]. In a small-scale study, factor
XIII has been shown to decrease only in clinically se-
vere cases [24]. However, none of these studies have
simultaneously assessed both markers of inflammation
and activated coagulation in patients with HSP.

The present study simultaneously analyzed the in-
flammatory cells recruited in association with endo-
thelial cell activation and fibrin-related markers dur-
ing the disease course. These inflammation and co-
agulation pathways were significantly activated in
patients during the acute phase of HSP. Moreover,
the results of standard coagulation assays show that
PT and aPTT were within the normal ranges, even
during the acute phase, and did not differ significantly
between the acute and convalescent phases. These
results are concordant with those of previous studies
[14,24]. Furthermore, these results contribute to our
understanding of the pathophysiology of HSP by
adding to the existing evidence of the presence of an
activated coagulation state secondary to the endo-
thelial inflammation induced by IgA immune depos-
its in these patients.

In addition, fibrinogen, D-dimer, and FDP levels
were significantly higher during the acute phase
compared with the convalescent phase and also
compared with the controls. The D-dimer and FDP
levels were more strongly correlated with the total
clinical score of HSP than the inflammatory markers,
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such as the WBC count, ANC, and CRP levels. Signs
of hyperfibrinolysis have been observed in patients
in a few small-scale studies. In particular, D-dimer
has been found to be well correlated with the disease
activity of HSP [15]. Therefore, the assessment of fi-
brin-related markers, such as D-dimer and FDPs, is
expected to be clinically useful for the determination
of disease activity along with the application of the
previously suggested clinical scoring system for HSP.

The incidence of GI tract involvement has been re-
ported to be between 50% and 75% [3,4,25]. In the
present study, 71.4% (132/185) of the patients had
GI symptoms during the acute phase of HSP; how-
ever, 7.6% (10/132) of them did not present with any
skin lesions, which is a mandatory diagnostic
criterion. Therefore, all of these patients underwent
upper gastroendoscopy accompanied by biopsy to be
diagnosed with HSP.

In the present study, D-dimer and FDP levels were
more consistently and significantly elevated in the
patients with abdominal symptoms compared with
the inflammatory markers, such as the WBC count,
ANC, ESR, and CRP levels. Although the patients
with severe abdominal symptoms exhibited sig-
nificant increases in the WBC count, ANC, and CRP
levels as well as the D-dimer and FDP levels, these re-
sults suggest that D-dimer and FDPs may play im-
portant roles as indicators of GI tract involvement
during the acute phase of HSP. Therefore, fibrin-re-
lated markers, such as D-dimer and FDPs, may en-
able clinicians to evaluate not only the effectiveness
of a treatment but also disease relapse, especially in
young children complaining of abdominal pain re-
currence during the treatment of HSP.

To our knowledge, this is the first study to analyze
the laboratory markers of both inflammation and ac-
tivated coagulation and to demonstrate their rela-
tionships with disease activity and GI involvement in
HSP using a clinical scoring system. Because the
scoring system mainly relies on subjective descrip-
tions, measuring D-dimer and FDP levels in combi-
nation with the use of a scoring system may aid in
the diagnosis of HSP and help distinguish this disease
from other conditions in children without purpuric

46 Vol. 18, No. 1, March 2015

rash complaining of abdominal pain. Nevertheless,
additional studies are required before these fibrin-re-
lated markers may be utilized as indicators of disease
activity, particularly with regard to the involvement
of specific organs.
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