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α2‑fraction and haptoglobin as biomarkers 
for disease activity in oligo‑ and polyarticular 
juvenile idiopathic arthritis
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Abstract 

Objectives:  Unlike in adult rheumatology, for most forms of juvenile idiopathic arthritis (JIA) no reliable biomark‑
ers currently exist to assess joint and disease activity. However, electrophoresis is frequently found changed in active 
juvenile arthritis. The objective of this study was to evaluate the α2-fraction of serum electrophoresis and its main 
components as biomarkers for JIA, categories extended/persistent oligoarthritis and seronegative polyarthritis, in 
comparison with the conventionally used erythrocyte sedimentation rate and C-reactive protein.

Methods:  Serum samples and clinical data from 181 patients with JIA were collected. Serum electrophoresis 
and α2-fraction and its components were determined using standard methods. Relationship between calculated 
α2-fraction of serum electrophoresis (CA2F) and its components, acute-phase parameters and cJADAS27 was 
assessed using Pearson’s correlation coefficient and linear regression modelling, adjusting for confounding effects. 
Results were confirmed in a second cohort with 223 serum samples from 37 patients, using a mixed model to 
account for repeated measures.

Results:  Compared to ESR and CRP, CA2F showed higher correlation to cJADAS27, in particular for persistent oli‑
goarthritis. Of the three components of the α2-fraction, haptoglobin showed the highest correlation to cJADAS27. 
Regression analysis demonstrated higher ability to predict cJADAS27 for CA2F, and especially for haptoglobin as a 
component thereof, than for CRP and ESR.

Conclusion:  Compared to conventional methods, α2-fraction of serum electrophoresis and specifically, haptoglobin 
show higher correlations with disease activity in common subtypes of JIA, representing excellent candidates as 
biomarkers for disease activity. Further studies are necessary to determine diagnostic value and correlations in other 
subtypes.
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Introduction
Juvenile idiopathic arthritis (JIA) is the most common 
rheumatic disease in childhood, affecting up to 4 per 
1,000 children, and is characterized by chronic inflam-
mation of the joints in children and adolescents [1]. JIA 
is not a single disease entity, but encompasses all forms 

of arthritis that begin before age 16 and persist for more 
than 6  weeks and is of unknown origin, divided into 
seven categories [2]. The pathology of JIA is believed to 
be of complex, multifactorial origin, with both genetic 
and environmental factors influencing disease origin and 
outcome [3, 4].

Conventional biomarkers for rheumatic diseases, espe-
cially C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR), have shown excellent correlation 
to disease activity in adult diseases such as rheumatoid 
arthritis and ankylosing spondylitis and are regularly 
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used in clinical practice [5]. In pediatric rheumatology, 
there are no similar biomarkers for JIA available to prac-
titioners: most of the categories lack reliable biomarkers 
for disease activity beyond musculoskeletal ultrasound, 
except for a small number of JIA subsets, namely sys-
temic JIA and to a lesser extent, rheumatoid-factor posi-
tive JIA and juvenile spondyloarthritis [6, 7]. While in 
fact the proposed disease index for JIA (Juvenile Arthritis 
Disease Activity Score, JADAS) included ESR as an activ-
ity marker, newer versions of the index (clinical JADAS, 
or cJADAS) use clinical markers alone [8–10]. The rela-
tive value of ESR and CRP in evaluation of JIA is doubt-
ful, and clinical practitioners usually rely much more on 
clinical examination and other techniques such as ultra-
sound to assess disease activity [4].

It has been observed by the authors that in serum elec-
trophoresis, an established method to examine blood 
globulins, the α2-fraction as a biomarker of acute-phase 
reaction is frequently elevated in JIA patients with active 
disease, especially in patients with oligoarthritis. The 
purpose of this study was to evaluate the use of the cal-
culated α2-fraction of serum electrophoresis (CA2F) and 
its components as biomarkers of disease activity in JIA 
patients. The objectives were: 1) to describe the relation-
ship between ESR, CRP, CA2F and its components, and 
cJADAS27 as index for disease activity in JIA, and 2) to 
determine if the correlation between predictors of cJA-
DAS27 differ by categories of oligoarthritis (persistent 
and extended) and rheumatoid-factor negative polyar-
thritis. These categories were chosen primarily as they 
represent the majority of cases of JIA, and as CRP and 
ESR possibly play a more prominent role as biomarkers 
in other categories.

Patients and methods
Patients
An exploratory cohort (ExpC) was formed, consisting of 
181 single serum samples, from patients with a confirmed 
diagnosis of oligoarticular (extended and persistent) JIA 
and polyarticular JIA according to ILAR (International 
League of Associations for Rheumatology) criteria, col-
lected at the biobank of the German Centre for Paediatric 
and Adolescent Rheumatology.

Subsequently, a second confirmatory cohort (ConfC) 
was established maximizing sample numbers from sin-
gle patients. This cohort consisted of 223 serum samples 
from 37 patients, with a median of 6 samples per patient 
(range 3 to 12). 59 samples had already been included in 
the exploratory cohort as single serum samples, bring-
ing the number of total samples investigated to 345 sam-
ples. A diagnosis of JIA was confirmed by the admitting 
physician and the presence of diseases possibly affecting 
haptoglobin serum levels was excluded [11, 12]. Patients 

and caregivers gave informed consent prior to inclusion 
into the biobank. The following data was extracted from 
patient files: age at diagnosis of JIA, gender, age at perfor-
mance of the test, JIA category, presence of antinuclear 
antibodies, total active joint count, and the cJADAS27 
as a composite marker for disease activity. The cJA-
DAS27 was chosen instead of JADAS27 for its exclusion 
of ESR as a component parameter [8, 13]. The study was 
approved by the Ethics Committee of the Medical Fac-
ulty, Ludwig-Maximilians University Munich, Germany 
(Nr. 11,073) and was performed in accordance with the 
Declaration of Helsinki.

Serum analysis
ESR (normal range: newborn to puberty 3 to 13  mm/h, 
males < 15  mm/h, females < 20  mm/h) was analyzed 
using Microvette CB 200 tubes (Sarstedt, Germany). 
Serum electrophoresis was performed using a Cap-
illarys 3 Tera electrophoresis system (Sebia, Lisses, 
France). Total serum protein (normal range: children 
5.7 – 8.0  g/dl, adults 6,4—8,3), C-reactive protein (nor-
mal range: < 0.5  mg/dl), α2-macroglobulin (normal 
range: 130—300 mg/dl) and haptoglobin (normal range: 
30—200  mg/dl) were determined using a cobas 8000 
modular analyzer (Roche, Grenzach-Wyhlen, Germany) 
and ceruloplasmin (normal range: children 23–43 mg/dl, 
adults 20–60 mg/dl) was measured using a BN II system 
(Siemens, Erlangen, Germany). The calculated absolute 
α2-fraction (CA2F) was computed as the product of the 
total serum protein (in g/dl) and the α2-fraction (in %) to 
obtain an estimate of the absolute amount of protein pre-
sent in the α2-fraction.

Statistics
Demographic data were analyzed using descriptive sta-
tistics. cJADAS27 was transformed through a natural 
logarithm after adding 1 to normalize residuals without 
losing sample size. Pearson’s correlation coefficients were 
used for pairwise comparisons of serum analytes.

Multivariable linear regression models and linear 
mixed effect models were built for ESR, CRP, CA2F and 
haptoglobin separately for ExpC and ConfC, respectively, 
both adjusting age at diagnosis, and category of diagno-
sis as covariates. Gender, age at testing and antinuclear 
antibodies were removed from the model due to multi-
collinearity and insignificant confounding effect. For the 
ConfC, a linear mixed effect model was used to account 
for repeated measures by introducing random effect. 
Time and the interaction term between time and the 
main predictor was adjusted in the models to assess lon-
gitudinal effect.

R squared was calculated to assess the proportion 
of variability explained by each predictor itself for the 
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ExpC model. F statistics and the p-values were reported 
by each predictor from each model. Multivariable linear 
regression was also modelled using only the first sample 
per patient for the ConfC as a sensitivity analysis.

Mean levels and standard deviation of haptoglobin, 
CA2F, ESR and CRP were calculated for low, median 
and high disease activity according to the definitions of 
the cJADAS27 [14]. Area under the curve (AUC) and 
optimal cut-off values were determined for low disease 
activity definition of the cJADAS27 using receiver oper-
ating characteristic (ROC) analysis. In the ROC analysis, 
Youden’s J statistic was calculated to determine the opti-
mum of sensitivity and specificity [15].

SAS version 9.4 for Windows and SPSS version 26 for 
Windows were used for the analysis.

Results
The demographic data of the patients is shown in Table 1. 
Two outliers were identified in the ExpC, but removal in 
the analyses did not change the results significantly so 
they were included in the subsequent analysis.

α2‑Fraction of Electrophoresis shows higher correlation 
to joint activity in persistent and extended oligoarthritis
In the ExpC, ESR (normal range) and CRP (normal range) 
correlated modestly with joint activity as measured by the 
cJADAS27 (r = 0.248, p < 0.001 and r = 0.243, p < 0.001, 
respectively for the whole sample) (Supplemental Table 1). 
α2-fraction of electrophoresis (normal range) (r = 0.202, 
p < 0.001) and CA2F (r = 0.233, p < 0.001) yielded similar 
values for the whole sample, with CA2F showing a slightly 

higher correlation. For total oligoarthritis and especially, 
persistent oligoarthritis, CA2F showed higher correla-
tion to the cJADAS27 (r = 0.340, p < 0.001 and r = 0.398, 
p < 0.001) than ESR (r = 0.321, p < 0.001 and r = 0.311, 
p = 0.001) and CRP (r = 0.244, p = 0.002 and r = 0.200, 
p = 0.033).

Haptoglobin as a component of the α2‑fraction shows 
a higher correlation to cJADAS27 than the α2‑fraction 
as a whole
The three major components of the α2-fraction 
(α2-macroglobulin, haptoglobin and ceruloplasmin) were 
determined for each sample in the ExpC, and correla-
tion to cJADAS27 was calculated (Supplemental Table 1). 
While α2-macroglobulin showed minimal correlation 
to cJADAS27, ceruloplasmin showed a correlation pro-
file similar to ESR, with the largest correlation in per-
sistent oligoarthritis (r = 0.405, p < 0.001). Haptoglobin 
showed in general the highest correlation to cJADAS27, 
with r = 0.339, p < 0.001 overall, r = 0.415, p < 0.001 for 
polyarthritis, and r = 0.472, p < 0.001 for persistent oli-
goarthritis. Differences in the correlations in the vari-
ous categories were partly explained by the patients 
with extended oligoarthritis having a higher disease 
duration (5.2 ± 3.7  years) than both persistent oligoar-
thritis (2,1 ± 3,4  years) and seronegative polyarthritis 
(2.2 ± 2.6 years).

In the ConfC, these results were confirmed, with hap-
toglobin showing the highest correlation to cJADAS27 
(r = 0.440, p < 0.001), compared to CRP (r = 0.292, 
p < 0.001) and ESR (r = 0.420, p < 0.001) in the whole 

Table 1  Patient characteristics of investigated cases

a  Data counted per sample

Variables Exploratory Cohort (ExpC) Confirmatory Cohort (ConfC)

Female, no (%) 143/181 patients (79.0%) 27/37 patients (73.0%)

Age at diagnosis (median, range) 4.8 years (1.1 -16.3) 4.61 years (1.06 -15.47)

Antinuclear antibodies 134/181 patients (74.0%) 22/37 patients (59.4%)

Disease duration at time of testing 14 months (0–170) n/a

Diagnosis

  oligoarthritis, persistent 75/181 (41.4%) 9/37 (24.3%)

  oligoarthritis, extended 31/181 (17.2%) 10/37 (27.0%)

  rheumatoid factor negative polyarthritis 75/181 (41.4%) 18/37 (48.6%)

Total active joint count (TAJC) (mean, standard deviation)

  oligoarthritis, persistent 1.17 ± 1,66a 0.86 ± 1,17a

  oligoarthritis, extended 1.98 ± 3.41a 1,44 ± 1.88a

  rheumatoid factor negative polyarthritis 4.53 ± 7.65a 3.09 ± 7.22a

cJADAS27 (mean, standard deviation)

  oligoarthritis, persistent 0.93 ± 1.19a 3.47 ± 4.02a

  oligoarthritis, extended 1.50 ± 2.60a 5,37 ± 4.81a

  rheumatoid factor negative polyarthritis 2.79 ± 4.35a 5.42 ± 7.01a
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sample (Supplemental Table  2). For the total cohort 
(ExpC + ConfC combined), correlation was also tested 
for total active joint count, with lower correlation over-
all, but again haptoglobin showed the highest correla-
tion (r = 0.189, p < 0.001), compared to CRP (r = 0.165, 
p < 0.001) and ESR (r = 0.141, p < 0.001) (Supplemental 
Table 3).

Prediction of joint activity by haptoglobin and CA2F 
is superior to CRP and ESR
Using multivariable linear regression, models were con-
structed to assess the association between cJADAS27 and 
all four parameters (ESR, CRP, CA2F and haptoglobin) 
separately in the ExpC, adjusting for age at diagnosis 
and disease category as covariates. Regression analy-
sis showed higher F-values for CA2F (F[5,175] = 18.13, 
p < 0.0001) and significantly higher values for hap-
toglobin (F[5,175] = 33.75, p < 0.0001) than for CRP 
(F[5,175] = 6.80, p = 0.0099) and ESR (F[5,175] = 17.66, 
p < 0.0001) (Table  2). The proportion of variability 
explained by the model using pseudo R squares was 
12.2% for CA2F and 18.7% for haptoglobin, compared to 
6.6% for CRP and 11.9% for ESR. In single sample mul-
tivariable linear regression, effects of each predictor did 
neither change direction nor significantly change magni-
tude, but model fit and the accuracy was improved when 
considering the repeated effect.

In the ConfC, Regression analysis confirmed sig-
nificantly higher F-values for CA2F (F[1,86] = 24.61, 
p < 0.0001) and haptoglobin (F[1,86] = 39.45, p < 0.0001) 

than for CRP (F[1,85] = 8.48, p = 0.0042) and ESR 
(F[1,86] = 22.78, p < 0.0001) (Table 2).

Determining optimal cut‑off levels for haptoglobin 
and CA2F for low disease activity of cJADAS27
Using the definitions for low or minimal disease activ-
ity (LDA), moderate disease activity (MDA) and high 
disease activity (HDA) of the cJADAS27 for oligo- and 
polyarticular diseases, mean levels were calculated 
for the four parameters in the combined Cohorts 
(ExpC + ConfC) using all available samples (Table  3) 
(Fig.  1) [14]. Using ROC analysis, AUC was calcu-
lated for haptoglobin at 0.725, for CA2F at 0.699, for 
ESR at 0.622, and for CRP at 0.615. An optimal cut-off 
for LDA was calculated for haptoglobin at 79.85  mg/
dl, with a sensitivity of 75.8% and a specificity of 59.6% 
(Fig.  2). For CA2F, this was calculated at 0.86  g/dl, 
with a sensitivity of 50.3% and a specificity of 86.2%. 
For comparison purposes, for ESR best cut-off was 
calculated at 13.5  mm/h (sensitivity 58.1%, specificity 
68.8%), and for CRP at 0.21  mg/dl (sensitivity 36.6%, 
specificity 86.2%).

Discussion
For adult rheumatology practitioners, it is hard to 
fathom how little of a role laboratory biomarker play 
in the clinical practice of pediatric rheumatologists. 
Adult practitioners can use ESR and especially CRP 
routinely as a fairly reliable marker of disease activity, 
where both parameters can regularly be expected to 

Table 2  Logistic regression analysis for cJADAS, and CRP, ESR, CA2F and haptoglobin as single parameters

Exploratory Cohort (ExpC) Confirmatory Cohort (ConfC)

Analyte Parameter 
estimate ± standard 
error

F-value from test 
of fixed effect
(p value)

R2 of the 
predictor

R2 of the model Parameter 
estimate ± standard 
error

F-value from 
test of fixed 
effect
(p value)

CRP (mg/dl) 0.104 ± 0.040 6.8 (0.0099) 0.005 0.067 0.080 ± 0.027 8.48 (0.0042)

ESR (mm/h) 0.008 ± 0.001 17.66 (< .0001) 0.012 0.120 0.015 ± 0.003 22.78 (< .0001)

CA2F (g/l) 1.123 ± 0.264 18.75 (< .0001) 0.012 0.122 1.989 ± 0.405 24.61 (< .0001)

Haptoglobin (mg/dl) 0.003 ± 0.000 33.75 (< .0001) 0.022 0.187 0.004 ± 0.000 39.45 (< .0001)

Table 3  Median levels and standard deviation for low, median and high disease activity of cJADAS for CRP, ESR, CA2F and haptoglobin 
as single parameters

Haptoglobin CA2F ESR CRP

HDA 180.2 ± 117.3 mg/dl 0.92 ± 0.22 g/dl 28.9 ± 28.5 mm/h 0.88 ± 2.24 mg/dl

MDA 118.2 ± 85.3 mg/dl 0.84 ± 0.19 g/dl 18.0 ± 18.5 mm/h 0.55 ± 2.06 mg/dl

LDA 79.9 ± 56.1 mg/dl 0.75 ± 0.13 g/dl 12.8 ± 13.8 mm/h 0.14 ± 0.30 mg/dl

Total 131.75 ± 101.25 mg/dl 0.85 ± 0.20 g/dl 20.77 ± 22.80 mm/h 0.57 ± 1.88 mg/dl
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correlate with disease activity and fall after initiation 
of treatment [5, 16, 17]. In RA, both ESR and CRP have 
been validated in the context of the DAS28 against 
radiographic progression and physical function [18].

In pediatric rheumatology, laboratory testing in oligo- 
and polyarticular JIA, which comprise approximately 
two thirds of all JIA cases, so far plays only a minor 
role in evaluating disease activity [19]. In textbooks, 
changes in inflammatory parameters seen in these cat-
egories are described as “mild to moderate elevation of 
the erythrocyte sedimentation rate […] and elevation 
of C-reactive protein levels may occur” [20]. ESR espe-
cially is described as variable in both oligo- and polyar-
thritis, with further differentiation of polyarthritis into 
subsets with possibly low or high ESR levels attempted 
by some authors to explain the observed variabilities 
[19]. Even in early studies, CRP and ESR were found to 

be consistently elevated only in sJIA (systemic juvenile 
idiopathic arthritis), with uneven results in polyarthri-
tis where they mostly correlate with each other rather 
than with disease activity, and more recent results dem-
onstrate the dubious value of CRP and ESR as a marker 
of long-term outcome [21–24]. For the various forms of 
the proposed disease activity index JADAS, which has 
been modeled after the DAS28 in RA, ESR or CRP has 
initially been included as an activity marker [13, 25]. 
However, the correlation of ESR to the other parameters 
of the JADAS have been described as moderate at best 
– slightly better in the case of sJIA – and exclusion of 
laboratory parameters in the cJADAS has been proven 
beneficial, not only improving feasibility in the clinical 
setting but also maintaining sensitivity and specificity of 
the index [8, 9, 14]. The JADAS ‘overall did not improve 
by adding the erythrocyte sedimentation rate [9].’

Fig. 1  Distribution of normalized values for haptoglobin, calculated alpha2-fraction, ESR and CRP in oligo- and polyarticular JIA combined, 
according to disease activity measured by cJADAS27 in the combined Cohorts (ExpC + ConfC) with all samples. Mean curves are shown for the 
three levels (LDA, MDA and HDA)
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In this study, we show that in the oligoarthritis cat-
egories of JIA, the α2-fraction of serum electrophore-
sis, especially when corrected by total serum protein, 
shows a markedly higher correlation to disease activ-
ity as measured by cJADAS27, compared to the tradi-
tional biomarkers of acute phase reaction. Even more 
striking, haptoglobin as a component of the α2-fraction 
demonstrates a significantly higher correlation to 
cJADAS27 than both CRP and ESR in all three sub-
groups. The observed differences in the two cohorts 
can be explained by the larger number of samples in the 
ConfC and the increased homogeneity by using a lesser 
number of individuals. Considering pseudo R squared 
of the model, α2-fraction and haptoglobin also repre-
sent a higher proportion of the variability than ESR or 
CRP, with the proportion of the variability explained 
by haptoglobin as a predictor being three times as high 
than in CRP. The ROC analysis demonstrated a better 
utility as a biomarker for both haptoglobin and CA2F, 
compared to ESR and especially CRP. Using the tradi-
tional ranking system for the AUC in the ROC (0.9 – 
1.0 = excellent, 0.8 – ≤ 0.9 = good, 0.7 – ≤ 0.8 = fair, 0.6 
– ≤ 0.7 = poor, 0.5 – ≤ 0.6 = fail), only haptoglobin falls 
under the ‘fair’ category, while all other parameters can 
be considered ‘poor’.

Protein electrophoresis, especially in the more mod-
ern form of capillary serum electrophoresis, provides 
information about the status of protein components that 
are present in large quantities in the body [26]. It is an 
inexpensive test, and widely available in hospitals by vir-
tue of its common use to monitor patients with multiple 

myeloma. The alpha-fractions are considered a typical, if 
unspecific, biomarker for the acute-phase reaction [12]. 
Children and elderly people can show higher levels of α2 
-macroglobulin and may therefore demonstrate a slightly 
more pronounced α2-fraction [27]. While immunoglob-
ulins and beta globulins have been studied in juvenile 
arthritis, alterations in the alpha-fractions have not yet 
been investigated [28].

Haptoglobin is an acute phase protein which binds free 
hemoglobin and has anti-inflammatory properties, but 
may have proinflammatory effects on the joint; its syn-
thesis is induced by various cytokines including IL-1 and 
IL-6 [29]. It appears to play a role in the inflammatory 
process of bone destruction via bradykinin and throm-
bin stimulation of prostaglandin E2 formation, lead-
ing to bone resorption [30]. It has also been shown that 
haptoglobin modulates Th1 versus Th2 balance in mac-
rophages by promoting a Th1 cellular response according 
to genotype [31].

Haptoglobin has been demonstrated to be a normal 
constituent of synovial fluid, with a hemoglobin-bind-
ing capacity of approximately 40% of that in serum [32]. 
Almost 40  years ago, it has been demonstrated that for 
RA, CRP shows significantly higher correlation with 
disease activity than haptoglobin, and haptoglobin has 
generally been disregarded as a possible biomarker for 
rheumatology ever since [33]. In addition, when studying 
the genetic subtypes of haptoglobin in the synovial fluid 
in patients with rheumatoid arthritis, no obvious corre-
lation was found with elevated levels in all three hapto-
globin types studied [34].

Fig. 2  ROC curve for low disease activity measured by cJADAS27 for haptoglobin, CA2F, ESR and CRP in the combined Cohorts (ExpC + ConfC) with 
all samples
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Still, the relationship of haptoglobin to inflammation 
is well described, with haptoglobin mRNA found to be 
expressed locally in the joints of arthritic rats [35]. Hap-
toglobin has also been shown to restore homeostasis after 
inflammatory processes, and to bind to activated mac-
rophages, therefore inhibiting TNFα production [36, 37]. 
In fact, elevation of the two α-chains of haptoglobin has 
been correlated to response to TNF inhibitors in RA [38].

For JIA, Rosenkranz et  al. have examined the syno-
vial fluid proteome of various categories; a comparison 
between the different subtypes revealed 24 significantly 
differentially expressed proteins of which haptoglobin 
was the most prominent differentiator [39]. Levels of 
haptoglobin were markedly elevated in both systemic 
JIA and polyarticular JIA, with the former demonstrat-
ing the greatest overall expression. They also demon-
strated by PCR that haptoglobin is produced locally in 
the inflamed joint, similar to mice [35]. Gibson et  al., 
who demonstrated differential proteome profiles in 
synovial fluid of untreated polyarticular, persistent and 
extended oligoarticular JIA patients, showed similar 
results [40]. Here, they described increases of hapto-
globin in all groups, with 2.3- to 4.3-fold overexpres-
sion in polyarticular patients when contrasted with 
the whole group of oligoarticular patients. These find-
ings indicate that elevation of haptoglobin appears to 
be the direct result of local inflammation in the joint. 
CRP represents an acute phase protein following IL-6 
secretion by macrophages and T cells, and IL-6 has 
been found in elevated levels in the synovial fluid, but 
it is produced mainly in the liver [41]. ESR represents 
the change in the net negative charge of red blood cells, 
causing them to fall more rapidly in suspension in the 
presence of acute phase reactants [42]. It has been 
shown previously, and in this study, to correlate more 
closely with disease activity and flares in JIA than CRP 
[43]. However, it is also affected by a large variety of 
factors beyond the acute phase reaction. A biomarker 
such as haptoglobin offers the chance of not only accu-
rately depicting the acute phase reaction but also to 
represent a biomarker originating from the local site of 
inflammation.

A variety of other conditions may also increase the 
alpha2-fraction of serum electrophoresis, including cor-
ticosteroid therapy and adrenal insufficiency, and levels 
of haptoglobin, most notably hemolytic anemia. Hap-
toglobin has also been described as elevated in inflam-
matory, non-immune mediated disease, most notably 
osteoarthritis and Perthes disease, and was found locally 
expressed in oncological tissue [35, 44, 45]. Further stud-
ies will have to closely examine the specificity of this 
biomarker. Disease duration as well as differences in 
medication are also possible confounding factors and 

may alter the profiles of inflammatory proteins. In this 
analysis, fractions of serum electrophoresis were not cor-
rected for age; however, all patients were above the age 
of 1 year where distribution of the different fractions of 
electrophoresis show only minimal changes [12]. Inter-
estingly, in this study correlation between all biomarkers, 
not only haptoglobin, were lower in the extended oligoar-
thritis category with a longer disease duration, pointing 
at a possibly limited utility of laboratory biomarkers in 
JIA in the long term.

Conclusion
The α2-fraction, corrected for total serum protein, as well 
as haptoglobin are well established laboratory param-
eters that can be determined by most laboratories at 
minimal cost. This study demonstrates that while not 
perfect, these parameters could well be used as poten-
tial biomarkers for joint and disease activity in the most 
frequent subgroups of JIA, improving both diagnostic 
accuracy and allowing more accurate tracking of dis-
ease activity by laboratory studies, similar to CRP in 
adult patients. Further studies investigating the value of 
haptoglobin versus CRP and ESR do present as obvious 
choices: not only the investigation of the value of hap-
toglobin in enthesitis-related arthritis and seropositive 
polyarthritis comes to mind, where a more dominant 
role of CRP could possibly be expected—similar to adult 
patients. One could also speculate about the role of hap-
toglobin in systemic arthritis, where it would not be sur-
prising to correlate with joint activity, while CRP on the 
other hand possibly correlates with systemic manifesta-
tions of the disease. Furthermore, it remains to be seen if 
addition of haptoglobin to the JADAS improves its value 
as an activity marker beyond that seen with ESR or CRP.

Abbreviations
AUC​: Area under the Curve; CRP: C-reactive Protein; CA2F: Calculated 
α2-Fraction of Serum Electrophoresis; cJADAS: Clinical Juvenile Arthritis 
Disease Activity Score; CondC: Confirmatory Cohort; DAS28: Disease Activity 
Score 28; ESR: Erythrocyte Sedimentation Rate; ExpC: Exploratory Cohort; 
IL: Interleukin; ILAR: International League of Associations for Rheumatology; 
JADAS: Juvenile Arthritis Disease Activity Score; JIA: Juvenile Idiopathic Arthri‑
tis; RA: Rheumatoid Arthritis; ROC: Receiver Operating Characteristic; sJIA: 
Systemic juvenile idiopathic arthritis; TNFα: Tumor Necrosis Factor α.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12969-​022-​00721-7.

Additional file 1: Supplemental Table 1. Correlation to cJADAS27 – 
Exploratory Cohort (ExpC). 

Additional file 2: Supplemental Table 2. Correlation to cJADAS27 – 
Confirmatory Cohort (ConfC).

Additional file 3: Supplemental Table 3. Correlation to Total Active Joint 
Count and cJADAS27 – Combined Cohorts (ExpC + ConfC).

https://doi.org/10.1186/s12969-022-00721-7
https://doi.org/10.1186/s12969-022-00721-7


Page 8 of 9Zeller et al. Pediatric Rheumatology           (2022) 20:66 

Acknowledgements
We would like to thank Dr. Stauch from MVZ Labor PD Dr. Volkmann & Kol‑
legen GbR, Karlsruhe, Germany, for his help with the laboratory analyses.

Authors’ contributions
LZ performed the data collection and the analysis. PT and SW supplied 
statistical support and participated in the analysis. NF and JPH participated in 
the analysis, BH designed the study, performed the data collection and the 
analysis. All authors read and approved the final manuscript.

Funding
This study was supported by the “Verein für das rheumakranke Kind” 
Garmisch-Partenkirchen.

Availability of data and materials
The datasets during and/or analyzed during the current study available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of the Medical Faculty, 
Ludwig-Maximilians University Munich, Germany (Nr. 11073).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 German Centre for Pediatric and Adolescent Rheumatology (GCPAR), 
Gehfeldstrasse 24, 82467 Garmisch‑Partenkirchen, Germany. 2 Department 
of Medical Imaging, University of Toronto, Toronto, Canada. 3 Department 
of Statistical Sciences, Institute of Medical Science, University of Toronto, 
Toronto, Canada. 

Received: 16 May 2022   Accepted: 19 July 2022

References
	1.	 Manners PJ, Bower C. Worldwide prevalence of juvenile arthritis why does 

it vary so much? J Rheumatol. 2002;29:1520–30.
	2.	 Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J, et al. 

International League of Associations for Rheumatology classification of 
juvenile idiopathic arthritis: second revision, Edmonton, 2001. J Rheuma‑
tol. 2004;31:390–2.

	3.	 Hashkes PJ, Laxer RM. Medical treatment of juvenile idiopathic arthritis. 
JAMA. 2005;294:1671–84.

	4.	 Petty RE, Laxer RM, Wedderburn LR. Juvenile Idiopathic Arthritis: Classifi‑
cation and Basic Concepts. Textbook of Pediatric Rheumatology. 8th ed. 
Philadelphia: Elsevier, Inc; 2020. p. 209–15.

	5.	 Yildirim K, Karatay S Fau - Melikoglu MA, Melikoglu Ma Fau - Gureser 
G, Gureser G Fau - Ugur M, Ugur M Fau - Senel K, Senel K. Associations 
between acute phase reactant levels and disease activity score (DAS28) 
in patients with rheumatoid arthritis. Ann Clin Lab Sci. 2004;34:423–6.

	6.	 Weiss PF, Xiao R, Biko DM, Chauvin NA. Assessment of Sacroiliitis at Diagnosis 
of Juvenile Spondyloarthritis by Radiography, Magnetic Resonance Imaging, 
and Clinical Examination. Arthritis Care Res (Hoboken). 2016;68:187–94.

	7.	 Wittkowski H, Frosch M, Wulffraat N, Goldbach-Mansky R, Kallinich T, 
Kuemmerle-Deschner J, et al. S100A12 is a novel molecular marker dif‑
ferentiating systemic-onset juvenile idiopathic arthritis from other causes 
of fever of unknown origin. Arthritis Rheum. 2008;58:3924–31.

	8.	 McErlane F, Beresford MW, Baildam EM, Chieng SE, Davidson JE, Foster HE, 
et al. Validity of a three-variable Juvenile Arthritis Disease Activity Score 
in children with new-onset juvenile idiopathic arthritis. Ann Rheum Dis. 
2013;72:1983–8.

	9.	 Swart JF, van Dijkhuizen EHP, Wulffraat NM, de Roock S. Clinical Juvenile 
Arthritis Disease Activity Score proves to be a useful tool in treat-to-target 
therapy in juvenile idiopathic arthritis. Ann Rheum Dis. 2018;77:336–42.

	10.	 McErlane F, Beresford MW, Baildam EM, Thomson W, Hyrich KL. Recent 
developments in disease activity indices and outcome measures for 
juvenile idiopathic arthritis. Rheumatology (Oxford). 2013;52:1941–51.

	11.	 Andersen CBF, Stodkilde K, Saederup KL, Kuhlee A, Raunser S, Graversen 
JH, et al. Haptoglobin. Antioxid Redox Signal. 2017;26:814–31.

	12.	 Thomas L. Labor und Diagnose: Indikation und Bewertung von Labor‑
befunden für die medizinische Diagnostik. 8th ed. Frankfurt am Main: 
TH-Books; 2012.

	13.	 Consolaro A, Ruperto N, Bazso A, Pistorio A, Magni-Manzoni S, Filocamo 
G, et al. Development and validation of a composite disease activity score 
for juvenile idiopathic arthritis. Arthritis Rheum. 2009;61:658–66.

	14.	 Consolaro A, Negro G, Chiara Gallo M, Bracciolini G, Ferrari C, Schiappa‑
pietra B, et al. Defining criteria for disease activity states in nonsystemic 
juvenile idiopathic arthritis based on a three-variable juvenile arthritis 
disease activity score. Arthritis Care Res (Hoboken). 2014;66:1703–9.

	15.	 Ruopp MD, Perkins NJ, Whitcomb BW, Schisterman EF. Youden Index and 
optimal cut-point estimated from observations affected by a lower limit 
of detection. Biom J. 2008;50:419–30.

	16.	 Pope JE, Choy EH. C-reactive protein and implications in rheuma‑
toid arthritis and associated comorbidities. Semin Arthritis Rheum. 
2021;51:219–29.

	17.	 Atkinson JP. C-reactive protein: a rheumatologist’s friend revisited. Arthri‑
tis Rheum. 2001;44:995–6.

	18.	 Wells G, Becker JC, Teng J, Dougados M, Schiff M, Smolen J, et al. Valida‑
tion of the 28-joint Disease Activity Score (DAS28) and European League 
Against Rheumatism response criteria based on C-reactive protein 
against disease progression in patients with rheumatoid arthritis, and 
comparison with the DAS28 based on erythrocyte sedimentation rate. 
Ann Rheum Dis. 2009;68:954–60.

	19.	 Ravelli A, Martini A. Juvenile idiopathic arthritis. Lancet. 2007;369:767–78.
	20.	 Ringold S, Horneff G. Oligoarticular Juvenile Idiopathic Arthritis. Textbook of 

Pediatric Rheumatology. 8th ed. Philadelphia: Elsevier, Inc; 2020. p. 241–9.
	21.	 Gwyther M, Schwarz H, Howard A, Ansell BM. C-reactive protein in 

juvenile chronic arthritis: an indicator of disease activity and possibly 
amyloidosis. Ann Rheum Dis. 1982;41:259–62.

	22.	 Alberdi-Saugstrup M, Zak M, Nielsen S, Herlin T, Nordal E, Berntson L, 
et al. High-sensitive CRP as a predictive marker of long-term outcome in 
juvenile idiopathic arthritis. Rheumatol Int. 2017;37:695–703.

	23.	 Sarkar S, Alam MM, Das G, Datta S. Inflammatory Markers and Disease 
Activity in Juvenile Idiopathic Arthritis. Indian J Pediatr. 2017;84:349–56.

	24.	 Ravelli A, Viola S, Ruperto N, Corsi B, Ballardini G, Martini A. Correlation 
between conventional disease activity measures in juvenile chronic 
arthritis. Ann Rheum Dis. 1997;56:197–200.

	25.	 Nordal EB, Zak M, Aalto K, Berntson L, Fasth A, Herlin T, et al. Validity and 
predictive ability of the juvenile arthritis disease activity score based on 
CRP versus ESR in a Nordic population-based setting. Ann Rheum Dis. 
2012;71:1122–7.

	26.	 Regeniter A, Siede WH. Peaks and tails: Evaluation of irregularities in capil‑
lary serum protein electrophoresis. Clin Biochem. 2018;51:48–55.

	27.	 Vavricka SR, Burri E, Beglinger C, Degen L, Manz M. Serum protein electro‑
phoresis: an underused but very useful test. Digestion. 2009;79:203–10.

	28.	 Goel KM, Logan RW, Barnard WP, Shanks RA. Serum immunoglobulin and 
beta 1C-beta 1A globulin concentrations in juvenile rheumatoid arthritis. 
Ann Rheum Dis. 1974;33:35–8.

	29.	 Oliviero S, Cortese R. The human haptoglobin gene promoter: interleu‑
kin-6-responsive elements interact with a DNA-binding protein induced 
by interleukin-6. EMBO J. 1989;8:1145–51.

	30.	 Frohlander N, Ljunggren O, Lerner UH. Haptoglobin synergistically 
potentiates bradykinin and thrombin induced prostaglandin biosynthesis 
in isolated osteoblasts. Biochem Biophys Res Commun. 1991;178:343–51.

	31.	 Guetta J, Strauss M, Levy NS, Fahoum L, Levy AP. Haptoglobin genotype 
modulates the balance of Th1/Th2 cytokines produced by macrophages 
exposed to free hemoglobin. Atherosclerosis. 2007;191:48–53.

	32.	 Neuhaus OW, Sogoian VP. Presence of haptoglobin in synovial fluid. 
Nature. 1961;192:558–9.

	33.	 Dixon JS, Bird HA, Sitton NG, Pickup ME, Wright V. C-reactive protein in 
the serial assessment of disease activity in rheumatoid arthritis. Scand J 
Rheumatol. 1984;13:39–44.



Page 9 of 9Zeller et al. Pediatric Rheumatology           (2022) 20:66 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	34.	 Nettelblat E, Sundblad L. Haptoglobins in Serum and Synovial Fluid. Acta 
Rheumatol Scand. 1965;11:11–4.

	35.	 Smeets MB, Fontijn J, Kavelaars A, Pasterkamp G, De Kleijn DP. The acute 
phase protein haptoglobin is locally expressed in arthritic and oncologi‑
cal tissues. Int J Exp Pathol. 2003;84:69–74.

	36.	 Huntoon KM, Wang Y, Eppolito CA, Barbour KW, Berger FG, Shrikant PA, 
et al. The acute phase protein haptoglobin regulates host immunity. J 
Leukoc Biol. 2008;84:170–81.

	37.	 Theilgaard-Monch K, Jacobsen LC, Nielsen MJ, Rasmussen T, Udby L, 
Gharib M, et al. Haptoglobin is synthesized during granulocyte dif‑
ferentiation, stored in specific granules, and released by neutrophils in 
response to activation. Blood. 2006;108:353–61.

	38.	 Blaschke S, Rinke K, Maring M, Flad T, Patschan S, Jahn O, et al. Hapto‑
globin-alpha1, -alpha2, vitamin D-binding protein and apolipoprotein 
C-III as predictors of etanercept drug response in rheumatoid arthritis. 
Arthritis Res Ther. 2015;17:45.

	39.	 Rosenkranz ME, Wilson DC, Marinov AD, Decewicz A, Grof-Tisza P, Kirchner 
D, et al. Synovial fluid proteins differentiate between the subtypes of 
juvenile idiopathic arthritis. Arthritis Rheum. 2010;62:1813–23.

	40.	 Gibson DS, Finnegan S, Jordan G, Scaife C, Brockbank S, Curry J, et al. 
Stratification and monitoring of juvenile idiopathic arthritis patients by 
synovial proteome analysis. J Proteome Res. 2009;8:5601–9.

	41.	 Madson KL, Moore TL, Lawrence JM 3rd, Osborn TG. Cytokine levels in 
serum and synovial fluid of patients with juvenile rheumatoid arthritis. J 
Rheumatol. 1994;21:2359–63.

	42	 Bedell SE, Bush BT. Erythrocyte sedimentation rate. From folklore to facts. 
Am J Med. 1985;78:1001–9.

	43.	 Magni-Manzoni S, Cugno C, Pistorio A, Garay S, Tsitsami E, Gasparini C, 
et al. Responsiveness of clinical measures to flare of disease activity in 
juvenile idiopathic arthritis. Clin Exp Rheumatol. 2005;23:421–5.

	44.	 Fernández-Puente P, Calamia V, González-Rodríguez L, Lourido L, Cama‑
cho-Encina M, Oreiro N, et al. Multiplexed mass spectrometry monitoring 
of biomarker candidates for osteoarthritis. J Proteomics. 2017;152:216–25.

	45.	 Liu R, Fan L, Yin L, Wang K, Miao W, Song Q, et al. Comparative study of 
serum proteomes in Legg-Calve-Perthes disease. BMC Musculoskelet 
Disord. 2015;16:281.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	α2-fraction and haptoglobin as biomarkers for disease activity in oligo- and polyarticular juvenile idiopathic arthritis
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Patients and methods
	Patients
	Serum analysis
	Statistics

	Results
	α2-Fraction of Electrophoresis shows higher correlation to joint activity in persistent and extended oligoarthritis
	Haptoglobin as a component of the α2-fraction shows a higher correlation to cJADAS27 than the α2-fraction as a whole
	Prediction of joint activity by haptoglobin and CA2F is superior to CRP and ESR
	Determining optimal cut-off levels for haptoglobin and CA2F for low disease activity of cJADAS27

	Discussion
	Conclusion
	Acknowledgements
	References


