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Abstract 
The spectrum of serological markers associated with in-
flammatory bowel disease (IBD) is rapidly growing. Due 
to frequently delayed or missed diagnoses, the applica-
tion of non-invasive diagnostic tests for IBD, as well 
as differentiation between ulcerative colitis (UC) and 
Crohn’s disease (CD), would be useful in the pediatric 
population. In addition, the combination of pancreatic 
autoantibodies and antibodies against Saccharomyces 
cerevisiae  antibodies/perinuclear cytoplasmic antibody 
(pANCA) improved the sensitivity of serological markers 
in pediatric patients with CD and UC. Some studies sug-
gested that age-associated differences in the patterns 
of antibodies may be present, particularly in the young-
est children. In CD, most patients develop stricturing 
or perforating complications, and a significant number 

of patients undergo surgery during the disease course. 
Based on recent knowledge, serum antibodies are 
qualitatively and quantitatively associated with com-
plicated CD behavior and CD-related surgery. Pediatric 
UC is characterized by extensive colitis and a high rate 
of colectomy. In patients with UC, high levels of anti-
CBir1 and pANCA are associated with the development 
of pouchitis after ileal pouch-anal anastomosis. Thus, 
serologic markers for IBD can be applied to stratify 
IBD patients into more homogeneous subgroups with 
respect to disease progression. In conclusion, identifi-
cation of patients at an increased risk of rapid disease 
progression is of great interest, as the application of 
early and more aggressive pharmaceutical intervention 
could have the potential to alter the natural history of 
IBD, and reduce complications and hospitalizations.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Application of non-invasive diagnostic tests 
for the diagnosis of inflammatory bowel disease (IBD) 
and differentiation between ulcerative colitis (UC) and 
Crohn’s disease (CD) would be useful in the pediatric 
population. The combination of pancreatic autoantibod-
ies and antibodies against Saccharomyces cerevisiae  
antibodies/perinuclear cytoplasmic antibody improved 
the sensitivity of serological markers in pediatric pa-
tients with CD and UC. In addition, serologic markers 
for IBD can be applied to stratify IBD patients into 
more homogeneous subgroups with respect to disease 
progression. With this knowledge, clinicians will be able 
to stratify patients accordingly with regards to the risk 
of disease progression, create a personalized treatment 
strategy, and attempt to modify disease course, thereby 
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improving long-term prognosis.
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INTRODUCTION
Inflammatory bowel diseases (IBD), Crohn’s disease 
(CD), and ulcerative colitis (UC) are chronic relapsing 
and remitting disorders of  the digestive tract with un-
known etiology[1]. Previous studies suggested that IBD 
results from an aberrant innate and acquired immune re-
sponse to commensal microorganisms in genetically sus-
ceptible individuals[2,3]. This hypothesis is supported by 
the presence of  antibodies directed to microbial antigens 
and by the identification of  genetic polymorphisms, such 
as NOD2/CARD15 and toll-like receptor 4 variants in 
CD[4]. Besides genetic predisposition and environmental 
factors, innate immunity is assumed to be another major 
contributor to pathogenesis in IBD.

Incidence of  IBD is increasing, especially in pediatric 
patients with CD[5]. It is estimated that 15%-25% of  IBD 
patients present in childhood. Recent studies showed that 
up to 20% of  pediatric patients and 5%-15% of  adult 
patients with colon only involvement had diagnostic diffi-
culties if  they had UC or colonic CD[6]. Serologic markers 
may help to establish diagnosis of  IBD and to differenti-
ate CD from UC, particularly when they are combined. It 
is especially important in the pediatric population, where 
invasive diagnostic testing is less desirable. In CD, most 
patients develop stricturing or perforating complications, 
and a significant number of  patients undergo surgery 
during the disease course. Pediatric UC is more often 
associated with pancolitis and colectomy. Besides their 
diagnostic significance, current knowledge suggests that 
serologic markers can be a valuable aid in stratifying pa-
tients according to disease phenotype and risk of  compli-
cations in IBD.

Several circulating autoantibodies have been described 
in IBD. The two most intensively studied conserva-
tive antibodies are atypical perinuclear anti-neutrophil 
cytoplasmic antibodies (atypical pANCA), which are 
primarily associated with UC and anti-Saccharomyces cere-
visiae antibodies (ASCA), which are primarily associated 
with CD[4,7]. In pediatric IBD, sensitivity/specificity of  
pANCA in UC ranged between 57% to 83% and 65% to 
97%, respectively, whereas in CD, ASCA showed a sen-
sitivity/specificity in the range of  44% to 76% and 88% 
to 95%, respectively[8,9]. ASCA positivity or high titers are 
associated with complicated CD behavior (penetrating or 
stenosing disease) and could be useful markers for pre-
dicting the need for surgery in adults and children[10-12]. 

In pediatric studies, ASCA positivity increased with age 
at diagnosis[13] and was predictive for a more relapsing 
disease course [OR 2.9 (95%CI: 1.33-6.33)] in CD[14]. In 
addition, Trauernicht and Steiner[15] reported that serum 
ASCA antibodies are associated with lower anthropo-
metric data (lower mean weight and height Z-scores) at 
the diagnosis of  pediatric CD. pANCA is noted for its 
association with the ‘‘UC-like’’ phenotype in patients 
with CD[16,17]. Testing for ASCA and pANCA alone may 
have limited usefulness; therefore additional seromark-
ers are needed to improve the diagnosis, differentiation, 
and stratification of  IBD, as well as prediction of  disease 
course.

NEW SEROLOGICAL MARKERS
Crohn’s disease
Antibodies to Escherichia coli  outer membrane po-
rin C, Pseudomonas -associated sequence I2, and 
bacterial flagellin CBir: Several antibodies against mi-
crobial components have been detected in serum samples 
of  patients with IBD, including ones against outer mem-
brane porin C (anti-OmpC) of  Escherichia coli, against 
Pseudomonas-associated sequence I2 (anti-I2), and against 
bacterial flagellin CBir (anti-CBir1). Adherent-invasive E. 
coli has been found in ileal CD lesions, and OmpC has 
been shown to be required for these organisms to adhere 
to intestinal epithelial cells[18,19]. I2 was identified as a bac-
terial sequence from lamina propria mononuclear cells of  
active CD patients, and was shown to be associated with 
Pseudomonas fluorescens[20]. CBir1 is a flagellin related anti-
gen that was initially identified in the gut flora of  mice, 
and has the ability to induce colitis in immunodeficient 
mice[21].

Approximately 50% of  adult patients with CD were 
positive for these markers, which were insignificant in 
adult patients with UC and healthy subjects[22,23]. The 
prevalence of  anti-OmpC and anti-I2 was found to be 
11% and 56% in pediatric CD, respectively[10,13,24-28]. The 
occurrence of  antibodies varies in children of  different 
ages: children younger than 8 years old at diagnosis are 
predominantly anti-CBir1 positive and ASCA and anti-
OmpC negative, while those older than 8 are more com-
monly both ASCA and anti-CBir1 positive[13]. In children 
with CD, these strong serological responses to bacterial 
flagellin CBir antigens suggest that this antigen may have 
a potential role in the immunopathology of  the disease.

Anti-glycan antibodies: The most recently described 
serum markers directed against microbial antigens are 
anti-glycan antibodies. Glycans are predominant cell 
surface oligosaccharides found on microorganisms, im-
mune cells, erythrocytes, and tissue matrices. In IBD, 
the presence of  anti-glycan antibodies results from the 
interaction between the immune system and the glycosyl-
ated cell wall components of  such pathogens as fungi, 
yeast, and bacteria. Besides gASCA (which is very similar 
to conventional ASCA IgG), certain novel anti-glycan 
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antibodies were identified and associated with CD: anti-
mannobioside carbohydrate antibodies (AMCA), anti-
laminaribioside carbohydrate antibodies (ALCA), anti-
chitobioside carbohydrate antibodies (ACCA), anti-
laminarin carbohydrate antibodies (anti-L), and anti-chitin 
(anti-C) carbohydrate antibodies.

Anti-glycan markers are significantly increased in CD 
compared to UC and healthy controls[29,30]. However, 
only 16.9%-30.5% of  patients were positive for each of  
AMCA, ALCA, ACCA, anti-L, and anti-C markers in 
pediatric CD[31]. Since the presence of  anti-L and anti-C 
is low in ASCA-negative patients with CD, it has been 
proposed that these markers may bind different epitopes. 
Interestingly, the optimal cutoff  values for anti-glycan 
markers were different in children than in adult popula-
tions in a serological study by Rieder et al[31]; strikingly 
lower cutoff  points of  gASCA, ACCA, ALCA, AMCA, 
anti-L, and anti-C were observed in children compared to 
adult patients with CD.

Pancreatic autoantibodies: Autoantibodies against 
exocrine pancreas (PAB) were described for the first time 
in 1984[32], but the autoantigenic targets of  PAB were 
identified only in 2009[33,34]. The recognition of  glycopro-
tein 2 (GP2) as a major target antigen of  the droplet-like 
PAB (type I PAB) has been followed by the identification 
of  CUB/zona pellucida-like domain-containing protein 
1 (CUZD1) as another major antigenic target of  PAB 
giving the reticulogranular, cytoplasmic pattern by indi-
rect immunofluorescence (type II PAB). Both GP2 and 
CUZD1 are glycosylated membrane proteins residing in 
the acinar secretory storage granules of  the pancreas. It 
was previously believed that GP2 is exclusively expressed 
by pancreatic acinar cells, but recent studies have shown 
that GP2 is also present as a specific membrane-anchored 
receptor on the microfold (M) intestinal cells of  intestinal 
Peyer’s patches, and is essential for host-microbial inter-
action and the initiation of  bacteria-specific mucosal im-
mune responses[35,36]. Notably, GP2 overexpresses at the 
site of  CD inflammation in contrast to UC[33,37]. Respec-
tive data regarding CUZD1 expression in the intestine 
are sparse, with further research being needed to evaluate 
the relevance of  these autoantibodies in CD. Combined 
determination of  GP2 and CUZD1-specific autoantibod-
ies by indirect immunofluorescence using recombinantly 
expressed human embryonic-kidney cell autoantigens 
represents a new method in the serological diagnosis of  
IBD. Discrimination between positive and negative reac-
tions is considered to be easier in transfected cells than in 
primate tissues. The selective detection of  anti-GP2 and 
CUZD1 autoantibodies by enzyme-linked immunosor-
bent assay (ELISA) has also been recently developed[34].

PAB have been reported to be pathognomonic mark-
ers of  CD. A prevalence of  27% to 39% of  PAB was 
present in patients with CD, compared with only 0% 
to 5% in patients with UC[38-40]. Increased prevalence 
of  PAB has been found in unaffected first-degree rela-
tives[41]. Stöcker et al[38] reported that PAB could only be 

determined in the serum of  patients with CD. However, 
other studies found much higher (22%-24%) prevalence 
of  PAB in UC[42-44]. Although anti-GP2 only represents a 
small proportion of  PAB seropositive cases, anti-GP2 au-
toantibodies are detected in about 30% of  patients with 
CD and in 5%-12% of  patients with UC[45-47].

Ulcerative colitis
Autoantibodies against intestinal goblet cells: Se-
rological markers have been far less extensively studied 
in UC than in CD. Autoantibodies against different co-
lonic antigens have been found in patients with UC [e.g., 
goblet cell autoantibodies (GAB)]. In previous studies, 
GAB has been detected in adult patients with UC, with 
a prevalence of  28% to 30%. In contrast, other studies 
suggested a much lower prevalence in both diseases[42-44]. 
These conflicting results are likely due to methodological 
differences, such as enzyme-linked immunosorbent assay 
antigen substrates and the evaluation of  fluorescence pat-
terns. GAB produce mucin that has multiple functions: 
it serves as a lubricant, provides nonspecific protection 
against unwanted microbial agents, and hosts the normal 
bacterial flora. Through complicated and strictly regulated 
glycosylation, mucins act as a decoy in binding a range of  
different microbes and maintaining the normal intestinal 
flora. The significance of  these antibodies, however, has 
not been established and thus remains unclear.

DIAGNOSTIC VALUE OF NEW 
SEROLOGIC MARKERS IN IBD
In diagnostic workup of  IBD, a serologic test with high 
sensitivity and specificity is desired. The diagnostic value 
of  the new serologic markers for IBD is limited due to 
their low sensitivity and presence in other conditions, 
such as celiac disease, autoimmune diseases, and liver cir-
rhosis[48-50]. Sensitivity can be increased by the combina-
tion of  different antibodies. A role for serological testing 
in screening for IBD was suggested by several studies, 
but the low sensitivity of  these assays only provide a 
modest contribution to the identification of  IBD[8,24,51-53]. 
The diagnostic value of  the new serologic markers in 
children with IBD is shown in Table 1. A retrospective 
study of  300 pediatric patients tested in the IBD7 panel 
(anti-OmpC, anti-CBir-1, ASCA, and ANCA, Serology 7, 
Prometheus, Sandiego, CA, United States) for the evalu-
ation of  pediatric IBD resulted in a 67% sensitivity and 
76% specificity. Consequently, this panel has a limited 
clinical utility in screening for pediatric IBD[53].

In pediatric CD, each anti-OmpC, anti-I2, or anti-
CBir1 antibody was detected in 11%-55% of  patients as a 
single marker. In a prospective pediatric study using com-
bined analysis (anti-OmpC, anti-I2, anti-CBir1 or ASCA), 
77% of  patients with CD were positive for at least one 
microbial-driven antibody[26]. Therefore this method pro-
vided modest support for the diagnosis of  CD. 

Single glycan markers have limited clinical value for 
the primary diagnostic workup for CD due to their low 
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increased sensitivity; therefore, it may be recommended 
in the diagnostic procedure of  IBD[42,44]. Diagnostic ac-
curacy of  the combined novel antibodies with conven-
tional serological markers in children with IBD is shown 
in Table 2[44].

In a recent study, Bogdanos et al[45] observed a signifi-
cantly higher prevalence of  PAB compared to anti-GP2 
in UC (20.6% vs 8.8%, P < 0.003), whereas the difference 
between PAB and anti-GP2 did not reach a statistically 
significance level in CD (38.5% vs 30.2%, P = 0.108), re-
spectively. Thus, anti-GP2 testing by ELISA assay seems 
to be more specific for CD than for PAB testing, so it 
may improve the differentiation between CD and UC.

In UC, the most frequently studied serological marker 
is pANCA. Besides pANCA, in our study the prevalence 
of  GAB was significantly increased in patients with UC 
in comparison to CD and controls (UC, 12.2%; CD, 1.9%; 
controls, 1.9%; P = 0.02). Sensitivity can be significantly 
increased with combinations of  different antibodies. For 
example, pANCA and/or GAB together had a sensitivity 
of  approximately 80% for UC[44].

ASSOCIATION WITH IBD PHENOTYPES 
AND PROGNOSIS
In patients with CD at diagnosis, most patients have 
inflammatory type disease[56,57]. Nevertheless, during the 
disease course the development of  complicated behavior 
in the pediatric population is a common feature[58]. In the 
largest pediatric cohort with CD (n = 989), the cumula-
tive incidence of  stricturing or penetrating complications 
was found to be 13%, 27%, and 38%, 1, 5, and 10 years 
after the diagnosis of  IBD, respectively[58]. Furthermore, 
small bowel disease is more frequently correlated with 
the development of  complicated disease behavior than 
in isolated colonic disease. Based on these observations, 

sensitivity. From the entire panel, gASCA came out as the 
most accurate for the diagnosis of  pediatric CD (sensitiv-
ity: 62.7%, specificity: 95.6% CD vs controls, and 88.9% 
CD vs UC)[31]. With respect to the latest two novel mark-
ers, the addition of  Anti-L and Anti-C to gASCA and 
pANCA further improved discrimination between CD 
and UC (P < 0.001) in a large pediatric and adult cohort 
with IBD (n = 818, 517 CD, 301 UC)[30]. More specifical-
ly, nearly three-quarters of  the patients with CD showed 
seropositivity for at least one of  the aforementioned sev-
en anti-glycan antibodies[30,31]. Anti-glycan antibodies may 
be particularly important in ASCA-negative patients with 
CD. Rieder et al[31] found that 40.9% of  ASCA-negative 
pediatric patients with CD were positive for at least one 
other anti-glycan marker, suggesting that these novel anti-
bodies may further improve serological diagnosis for CD. 
Similarly, other studies found that about half  of  ASCA 
negative adult patients were positive for ALCA, ACCA, 
or AMCA[29,54]. In concordance with the results published 
by Rieder et al[55], Seow et al[30] demonstrated that all the 
anti-glycan antibodies were highly specific for IBD, par-
ticularly for CD (85.4%-97.7%), and were more prevalent 
in CD vs UC (P < 0.0015). In this large pediatric and 
adult cohort with IBD, anti-C showed the highest speci-
ficity of  97.7, followed by ACCA at 97%, then anti-L at 
96.7%. Due to the combined use of  these markers, the 
specificity for CD increases up to 100%[29,55].

While the specificity of  PAB for CD is high, its 
sensitivity is low. In our study the presence of  PAB was 
significantly higher in CD (34%) and UC (20.4%) com-
pared with the pediatric control cohort (0%, P < 0.0001). 
Specificity of  PAB was 100%; however, sensitivity was 
low. The combination of  PAB and antibodies against 
ASCA/pANCA improved the sensitivity of  serological 
markers in CD (87.4%) and in UC (79.6%); specificity 
was 89.3% and 93.2%, respectively[44]. Combinations of  
these antibodies, particularly with ASCA, have shown 

  Marker Sensitivity Specificity PPV NPV Ref.

CD UC CD vs  UC

  Anti-Omp    11%-34%      5%-25% 75%-95% 57.9%-69% 51.6%-53.3% [8,24,25]
  Anti-CBir    52%-56% ND ND ND ND [10,13,26]
  Anti-I2 44.4%-50% 41.7%-42%       58%-58.3%    51.6%-54.3% 51.1%-53.7% [27,28]
  gASCA    60.7%-62.7%    11.1%-14.6%    85.4%-88.9%    87.1%-92.5% 52.2%-55.9% [301,31]
  ACCA   8.7%-22%         3%-18.5% 81.5%-97%    72.2%-83.3% 32.4%-38.2% [301,31]
  ALCA    19.7%-30.5%      7.6%-14.8%    85.2%-92.4%    81.8%-81.6% 35.9%-40.1% [301,31]
  AMCA    12.2%-16.9%      7.6%-14.8%    85.2%-96.7%    71.4%-86.3%   31.9%-39.06% [301,31]
  Anti-L    18%-22%      3.3%-14.8%    85.2%-96.7%    76.5%-90.3%   33.3%-40.07% [301,31]
  Anti-C 10.2%-22%      2.3%-14.8%    85.2%-97.7%    76.5%-83.3% 33.3%-38.8% [301,31]
  PAB       34%-38.5%    20.4%-20.6%    79.4%-79.6%    62.5%-65.1% 54.7%-56.5% [44,451]
  Anti-GP2 30.2% 8.8% 91.2% 77.4% 56.7% [45]1

  GAB 12.2% 1.9%  98.1%2  86.5%2  52.7%2 [44]

Table 1  Diagnostic value of the new serologic markers in children with inflammatory bowel disease

1Mixed pediatric and adult cohort; 2Ulcerative colitis (UC) vs Crohn’s disease (CD). ND: No data available; Anti-OmpC: Antibodies against outer membrane 
porin C of Escherichia coli; Anti-CBir1: Antibodies against bacterial flagellin CBir1; Anti-I2: Antibodies against the Pseudomonas-associated sequence; ASCA: 
Antibodies against Saccharomyces cerevisiae; AMCA: Anti-mannobioside carbohydrate antibodies; ALCA: Anti-laminaribioside carbohydrate antibodies; 
ACCA: Anti-chitobioside carbohydrate antibodies; Anti-L: Anti-laminarin carbohydrate antibodies; Anti-C: Anti-chitin carbohydrate antibodies; PAB: 
Pancreatic antibodies; Anti-GP2: Antibodies against glycoprotein 2; GAB: Antibodies against intestinal goblet cells; IBD: Inflammatory bowel disease; PPV: 
Positive predictive value; NPV: Negative predictive value.
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a more aggressive treatment should be considered in this 
large subgroup of  pediatric patients with CD. Conse-
quently, the evaluation of  relevant phenotype-serotype 
correlations may provide important prognostic informa-
tion. Association of  the new serologic markers with phe-
notype in pediatric CD is summarized in Table 3.

Antibodies directed to bacterial antigens were re-
ported as being qualitatively (presence) and quantitatively 
(titer) associated with aggressive disease behavior in 
both children and adults[10,26,59,60]. The first prospective 
pediatric study conducted by Dubinsky and co-workers 
demonstrated that the degree of  the immune response 
to ASCA, anti-I2, anti-OmpC, and anti-CBir1 correlated 
with internal penetrating, stricturing disease, and the 
need for surgery in a large cohort with CD (n = 196). 
The risk of  developing penetrating and/or stricturing 
CD was increased 11-fold in those subjects with immune 
responses to all four antigens (anti-12, anti-OmpC, anti-
CBir1, and ASCA) compared to seronegative cases (OR 
= 11, 95%CI: 1.5-80.4, P = 0.03). Moreover, in this study, 
the highest antibody sum group and quartile sum score 
group showed the most rapid disease progression[26]. 
These initial findings were confirmed in another larger 
study of  796 pediatric CD patients using ASCA, anti-
OmpC, and anti-CBir1[10].

Recent studies demonstrated that seropositivity for 
anti-glycan antibodies was associated with early disease 
onset, small bowel disease, complicated disease behav-
ior, and CD-related surgery in both adult and pediatric 

CD[4,29,30,31,54,55,61,62]. This was also found in both qualitative 
(number of  positive antibodies) and quantitative (antibody 
titers) immune response. In a cross-sectional pediatric 
study, ALCA and anti-L had the strongest association 
with complications[31]. In this pediatric population, most 
of  the anti-glycan markers, except for ACCA and anti-C, 
were associated with complicated disease behavior and 
ALCA with CD-related surgery. Only gASCA was as-
sociated with terminal ileal disease location. Surprisingly, 
gASCA was inversely correlated with early disease onset 
in this pediatric cohort[31], but this link was found to be 
positive in adult CD[4,55,63]. This difference may arise from 
the distinct nature of  the intestinal immune system in 
children.

There are conflicting results related to the associa-
tion between PAB and CD phenotype in adult cohorts. 
Increased prevalence of  PAB was observed in patients 
with early onset of  disease, and stricturing or penetrating 
phenotypes[39,40,42,43,64]. Lakatos et al[42] reported an associa-
tion between PAB positivity, perianal disease, and EIMs. 
However, in our pediatric study, we found that the pres-
ence of  PAB was not associated with disease phenotype 
in CD[44]. It is difficult to compare the data of  these stud-
ies, since age may affect localization and behavior as well.

In some studies, the relation between anti-GP2 and 
CD phenotype was also evaluated. In mixed pediatric and 
adult cohort with CD (n = 169), humoral autoreactivity 
to GP2 and ASCA applying ELISA has been reported 
to be associated with ileocolonic location, suggesting a 

  Marker Sensitivity Specificity PPV NPV Ref.

  CD vs controls ASCA 35.5%-72.8% 95.2%-96.5% 91%-93.8% 59.9%-77.8% [44,451]
PAB 34.0%-43.8%  100%  100% 60.2% [44,451]

Anti-GP2 30.2%    96% 88.3% 57.9% [45]
pANCA 33.0% 94.2% 85.1% 58.4% [44]

GAB   1.9% 98.1% 50.0% 50.0% [44]
PAB and/or ASCA 79.6% 95.2% 94.3% 82.3% [44]

Anti-GP2 and/or ASCA 50.9% 92.9% 87.8% 65.4% [45]
PAB and/or ASCA and/or pANCA 87.4% 89.3% 89.1% 87.6% [44]

PAB and /or ASCA/ pANCA- 53.4% 95.2% 91.8% 67.1% [44]
ASCA+/pANCA- 51.5% 95.2% 91.5% 66.2% [44]

  UC vs controls pANCA 77.5% 94.2% 93.0% 80.9% [44]
GAB 12.2% 98.1% 86.5% 52.8% [44]
PAB 20.4%-23.5%  100%  100% 55.6% [44,451]

Anti-GP2   8.8%    96% 68.8% 51.3% [45]1

ASCA 6.9%-26.5% 95.2%-96.5% 66.3%-84.7% 50.9%-56.4% [44,451]
ASCA2 16.3% 95.2% 77.3% 53.2% [44]

PAB and/or pANCA 79.6% 94.2% 93.2% 82.2% [44]
PAB and/or pANCA and/or GAB 79.6% 94.2% 93.2% 82.2% [44]

Anti GP2 and/or ASCA 14.7% 92.9% 67.4% 52.1% [45]
GAB+/pANCA+ 12.2% 98.1% 86.5% 52.8% [44]
PAB+/pANCA+ 18.4%  100%  100% 55.1% [44]
rPAB+/pANCA+ 22.4%  100%  100% 56.3% [44]

GAB+/PAB+/pANCA+   4.1%  100%  100% 51.0% [44]

Table 2  Diagnostic accuracy of the combined novel antibodies with conventional serological markers in children with inflammatory 
bowel disease[44,45]

1Mixed pediatric and adult cohort; 2Diagnostic value of antibodies against Saccharomyces cerevisiae (ASCA) antibodies in ulcerative colitis (UC) patients 
without primary sclerosing cholangitis (PSC). PAB: Pancreatic antibodies; Anti-GP2: Antibodies against glycoprotein 2; pANCA: Perinuclear anti-
neutrophil cytoplasmic antibodies; GAB: Antibodies against intestinal goblet cells; IBD: Inflammatory bowel disease; CD: Crohn’s disease; PPV: Positive 
predictive value; NPV: Negative predictive value.
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role for GP2 as a receptor on M cells in intestinal Peyer’s 
patches[45]. Moreover, in this cohort, the presence of  anti-
GP-2 was associated with younger age at the onset of  
the disease (< 16 years), stricturing behavior, and perianal 
disease in CD[45]. Similarly, Pavlidis et al[46] demonstrated 
that patients with colonic CD do not show significant an-
tibody reactivity against GP2 compared to those who had 
ileal localization; the site of  GP2-rich M cells. However, 
a Belgian study by Op De Beéck et al[65] did not find any 
association between anti-GP2 seropositivity and clinical 
phenotype in CD (n = 164) using the same ELISA.

In patients with UC, both anti-CBir1 and pANCA 
positivity correlated with the development of  pouchitis 
after ileal pouch-anal anastomosis. In a study by Fleshner 
et al[66], diverse patterns of  reactivity to microbial antigens 
were manifested as different forms of  pouchitis (n = 
238, age range: 8-81 years). Anti-CBir1 positivity indi-
cated acute pouchitis only in patients who have low-level 
pANCA expression, with increased incidence of  chronic 
pouchitis only in patients who had high-level pANCA 
expression. In a meta-analysis by Singh et al[67], the risk 
of  chronic pouchitis after IPAA was higher in ANCA-

positive patients, but the risk of  acute pouchitis was 
unaffected by ANCA status. These data had a significant 
influence on the patients’ treatment in post-operative 
course. The studies could not demonstrate any associa-
tion between the presence of  GAB and clinical presenta-
tion, medical therapy, or need for surgery in patients with 
UC. 

ASSOCIATION WITH THE RESPONSE TO 
THERAPY AND DISEASE ACTIVITY
Recent studies have highlighted the connection of  sero-
logic markers with biologic therapies. Previous studies 
demonstrated that ASCA signals do not predict response 
to anti-tumor necrosis factor (TNF)-α therapies in CD[4,68]. 
Comparative findings were reported regarding the effect 
of  biological agents in the behavior of  anti-GP2 antibod-
ies. Belgian investigators did not find a robust effect of  
infliximab and adalimumab in patients followed up for 6-44 
mo[65].

No association was detected between anti-glycan 
markers and the response to corticosteroids and disease 
activity in children with CD[31]. Similarly, in our study, we 
could not find any association between serum antibodies 
of  PAB, ASCA, and ANCA and response to therapy[44].

Dubinsky et al[69] reported that a combination of  
phenotype, serotype, and genotype is the best predictive 
model of  non-response to anti-TNFα agents in pediatric 
patients. In this study, anti-OmpC, anti-CBir1, anti-I2, 
ASCA, and pANCA serum markers were analyzed. The 
most predictive model included the presence of  three 
novel “pharmacogenetic” loci, the previously identified 
BRWD1, pANCA, and UC diagnosis (P < 0.05). The 
relative risk of  non-response increased 15-fold when the 
number of  risk factors increased from 0-2 to ≥ 3 (P < 
0.0001)[69].

Based on longitudinal analysis, the presence of  an-
tibodies in IBD is relatively constant during the disease 
course[62,70]. However, the prevalence of  ASCA, anti-
OmpC, and anti-I2 has been found to be more frequent 
when the disease persists for a long time[12,60]. Further-
more, disease activity, CRP levels, or response to corti-
costeroids does not appear to influence marker levels in 
longitudinal studies. Therefore, serial measurement of  
antibodies may not provide additional information for 
the evaluation of  IBD[31,70].

CONCLUSION
The correct diagnosis and classification of  IBD as ei-
ther CD or UC is essential for choosing the appropriate 
therapy. Combined application of  the novel antibodies 
(PAB/GP2) with conventional serology markers (ASCA/
pANCA) increased sensitivity. Therefore, the use of  
combinations may be advisable in the diagnostic work-up 
of  selected cases. Moreover, childhood-onset CD often 
leads to complicated disease (stricturing or penetrating) 
with increasing prevalence in parallel to disease duration. 

  Marker CD phenotype Ref.

  Anti-OmpC
  Anti-CBir1
  Anti-I2
  ASCA

Complicated disease behavior
CD-related surgery

[10,26]

  gASCA Early disease onset [301,31]
Ileal disease location

Complicated disease behavior 
Perianal disease

CD-related surgery
  ACCA Complicated disease behavior CD-

related surgery
[30]1

  ALCA Ileal disease location [301,31]
Complicated disease behavior CD-

related surgery
  AMCA Complicated disease behavior 

perianal disease
[301,31]

  Anti-L Ileal disease location [301,31]
Complicated disease behavior 

Perianal disease
CD-related surgery

  Anti-C Complicated disease behavior 
Perianal disease

[30]1

CD-related surgery
  Anti-GP2 with ASCA Early disease onset [45]1

Ileal location
Complicated behavior

Perianal disease

Table 3  Association of the new serologic markers with 
phenotype in pediatric Crohn’s disease

1Mixed pediatric and adult cohort. Anti-OmpC: Antibodies against outer 
membrane porin C of Escherichia coli; Anti-CBir1: Antibodies against 
bacterial flagellin CBir1; Anti-I2: Antibodies against the Pseudomonas-
associated sequence; ASCA: Antibodies against Saccharomyces cerevisiae; 
AMCA: Anti-mannobioside carbohydrate antibodies; ALCA: Anti-
laminaribioside carbohydrate antibodies; ACCA: Anti-chitobioside 
carbohydrate antibodies; Anti-L: Anti-laminarin carbohydrate antibodies; 
Anti-C: Anti-chitin carbohydrate antibodies; Anti-GP2: Antibodies against 
glycoprotein 2. 
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In CD, information gained from a serologic profile, both 
qualitatively and quantitatively, may help to determine 
the likelihood of  a more severe phenotype. In addition, 
pediatric UC is associated with pancolitis and a higher 
risk of  colectomy. In patients with UC, serologic markers 
are associated with the development of  pouchitis after 
ileal pouch-anal anastomosis. With this knowledge, clini-
cians will be able to stratify patients regarding the risk 
of  disease progression, create a personalized treatment 
strategy, and try to modify disease course, thus improv-
ing long-term prognosis. Further simultaneous prospec-
tive multicentric studies are needed to evaluate the exact 
prognostic role of  serologic markers which may help in 
the individual therapeutic management of  pediatric and 
adult IBD.

REFERENCES
1	 Xavier RJ, Podolsky DK. Unravelling the pathogenesis of in-

flammatory bowel disease. Nature 2007; 448: 427-434 [PMID: 
17653185 DOI: 10.1038/nature06005]

2	 Papp M, Norman GL, Altorjay I, Lakatos PL. Utility of se-
rological markers in inflammatory bowel diseases: gadget 
or magic? World J Gastroenterol 2007; 13: 2028-2036 [PMID: 
17465443]

3	 Lakatos L, Pandur T, David G, Balogh Z, Kuronya P, Tollas 
A, Lakatos PL. Association of extraintestinal manifestations 
of inflammatory bowel disease in a province of western 
Hungary with disease phenotype: results of a 25-year follow-
up study. World J Gastroenterol 2003; 9: 2300-2307 [PMID: 
14562397]

4	 Papp M, Altorjay I, Dotan N, Palatka K, Foldi I, Tumpek J, 
Sipka S, Udvardy M, Dinya T, Lakatos L, Kovacs A, Molnar 
T, Tulassay Z, Miheller P, Norman GL, Szamosi T, Papp 
J, Lakatos PL. New serological markers for inflammatory 
bowel disease are associated with earlier age at onset, com-
plicated disease behavior, risk for surgery, and NOD2/
CARD15 genotype in a Hungarian IBD cohort. Am J Gastro-
enterol 2008; 103: 665-681 [PMID: 18047543 DOI: 10.1111/
j.1572-0241.2007.01652.x]

5	 Benchimol EI, Fortinsky KJ, Gozdyra P, Van den Heuvel M, 
Van Limbergen J, Griffiths AM. Epidemiology of pediatric 
inflammatory bowel disease: a systematic review of inter-
national trends. Inflamm Bowel Dis 2011; 17: 423-439 [PMID: 
20564651 DOI: 10.1002/ibd.21349]

6	 North American Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition; Colitis Foundation of America, 
Bousvaros A, Antonioli DA, Colletti RB, Dubinsky MC, Glick-
man JN, Gold BD, Griffiths AM, Jevon GP, Higuchi LM, Hy-
ams JS, Kirschner BS, Kugathasan S, Baldassano RN, Russo 
PA. Differentiating ulcerative colitis from Crohn disease in 
children and young adults: report of a working group of the 
North American Society for Pediatric Gastroenterology, Hepa-
tology, and Nutrition and the Crohn’s and Colitis Foundation 
of America. J Pediatr Gastroenterol Nutr 2007; 44: 653-674 [PMID: 
17460505 DOI: 10.1097/MPG.0b013e31805563f3]

7	 Dubinsky MC, Ofman JJ, Urman M, Targan SR, Seidman EG. 
Clinical utility of serodiagnostic testing in suspected pediat-
ric inflammatory bowel disease. Am J Gastroenterol 2001; 96: 
758-765 [PMID: 11280547 DOI: 10.1111/j.1572-0241.2001.03618.
x]

8	 Zholudev A, Zurakowski D, Young W, Leichtner A, Bousva-
ros A. Serologic testing with ANCA, ASCA, and anti-OmpC 
in children and young adults with Crohn’s disease and ul-
cerative colitis: diagnostic value and correlation with disease 
phenotype. Am J Gastroenterol 2004; 99: 2235-2241 [PMID: 

15555007 DOI: 10.1111/j.1572-0241.2004.40369.x]
9	 Khan K, Schwarzenberg SJ, Sharp H, Greenwood D, Weis-

dorf-Schindele S. Role of serology and routine laboratory 
tests in childhood inflammatory bowel disease. Inflamm 
Bowel Dis 2002; 8: 325-329 [PMID: 12479647]

10	 Dubinsky MC, Kugathasan S, Mei L, Picornell Y, Nebel J, 
Wrobel I, Quiros A, Silber G, Wahbeh G, Katzir L, Vasiliaus-
kas E, Bahar R, Otley A, Mack D, Evans J, Rosh J, Hemker 
MO, Leleiko N, Crandall W, Langton C, Landers C, Taylor 
KD, Targan SR, Rotter JI, Markowitz J, Hyams J. Increased 
immune reactivity predicts aggressive complicating Crohn’
s disease in children. Clin Gastroenterol Hepatol 2008; 6: 
1105-1111 [PMID: 18619921 DOI: 10.1016/j.cgh.2008.04.032]

11	 Amre DK, Lu SE, Costea F, Seidman EG. Utility of serologi-
cal markers in predicting the early occurrence of complica-
tions and surgery in pediatric Crohn’s disease patients. 
Am J Gastroenterol 2006; 101: 645-652 [PMID: 16464223 DOI: 
10.1111/j.1572-0241.2006.00468.x]

12	 Vasiliauskas EA, Kam LY, Karp LC, Gaiennie J, Yang H, 
Targan SR. Marker antibody expression stratifies Crohn’s 
disease into immunologically homogeneous subgroups with 
distinct clinical characteristics. Gut 2000; 47: 487-496 [PMID: 
10986208 DOI: 10.1136/gut.47.4.487]

13	 Markowitz J, Kugathasan S, Dubinsky M, Mei L, Crandall 
W, LeLeiko N, Oliva-Hemker M, Rosh J, Evans J, Mack D, 
Otley A, Pfefferkorn M, Bahar R, Vasiliauskas E, Wahbeh G, 
Silber G, Quiros JA, Wrobel I, Nebel J, Landers C, Picornell Y, 
Targan S, Lerer T, Hyams J. Age of diagnosis influences sero-
logic responses in children with Crohn's disease: a possible 
clue to etiology? Inflamm Bowel Dis 2009; 15: 714-719 [PMID: 
19107777 DOI: 10.1002/ibd.20831]

14	 Desir B, Amre DK, Lu SE, Ohman-Strickland P, Dubinsky 
M, Fisher R, Seidman EG. Utility of serum antibodies in de-
termining clinical course in pediatric Crohn’s disease. Clin 
Gastroenterol Hepatol 2004; 2: 139-146 [PMID: 15017619]

15	 Trauernicht AK, Steiner SJ. Serum antibodies and anthro-
pometric data at diagnosis in pediatric Crohn’s disease. Dig 
Dis Sci 2012; 57: 1020-1025 [PMID: 22075854 DOI: 10.1007/
s10620-011-1954-x]

16	 Dubinsky M. Special issues in pediatric inflammatory 
bowel disease. World J Gastroenterol 2008; 14: 413-420 [PMID: 
18200664 DOI: 10.3748/wjg.14.413]

17	 Ruemmele FM, Targan SR, Levy G, Dubinsky M, Braun J, 
Seidman EG. Diagnostic accuracy of serological assays in 
pediatric inflammatory bowel disease. Gastroenterology 1998; 
115: 822-829 [PMID: 9753483]

18	 Carvalho FA, Barnich N, Sivignon A, Darcha C, Chan CH, 
Stanners CP, Darfeuille-Michaud A. Crohn’s disease ad-
herent-invasive Escherichia coli colonize and induce strong 
gut inflammation in transgenic mice expressing human 
CEACAM. J Exp Med 2009; 206: 2179-2189 [PMID: 19737864 
DOI: 10.1084/jem.20090741]

19	 Barnich N, Carvalho FA, Glasser AL, Darcha C, Jantscheff P, 
Allez M, Peeters H, Bommelaer G, Desreumaux P, Colombel 
JF, Darfeuille-Michaud A. CEACAM6 acts as a receptor for 
adherent-invasive E. coli, supporting ileal mucosa coloni-
zation in Crohn disease. J Clin Invest 2007; 117: 1566-1574 
[PMID: 17525800 DOI: 10.1172/JCI30504]

20	 Sutton CL, Kim J, Yamane A, Dalwadi H, Wei B, Landers 
C, Targan SR, Braun J. Identification of a novel bacterial se-
quence associated with Crohn’s disease. Gastroenterology 2000; 
119: 23-31 [PMID: 10889151 DOI: 10.1053/gast.2000.8519]

21	 Lodes MJ, Cong Y, Elson CO, Mohamath R, Landers CJ, 
Targan SR, Fort M, Hershberg RM. Bacterial flagellin is a 
dominant antigen in Crohn disease. J Clin Invest 2004; 113: 
1296-1306 [PMID: 15124021 DOI: 10.1172/JCI200420295]

22	 Landers CJ, Cohavy O, Misra R, Yang H, Lin YC, Braun J, 
Targan SR. Selected loss of tolerance evidenced by Crohn’s 
disease-associated immune responses to auto- and microbial 
antigens. Gastroenterology 2002; 123: 689-699 [PMID: 12198693 

Kovács M et al . New serological markers in pediatric patients



4880 May 7, 2014|Volume 20|Issue 17|WJG|www.wjgnet.com

DOI: 10.1053/gast.2002.35379]
23	 Targan SR, Landers CJ, Yang H, Lodes MJ, Cong Y, Papa-

dakis KA, Vasiliauskas E, Elson CO, Hershberg RM. An-
tibodies to CBir1 flagellin define a unique response that is 
associated independently with complicated Crohn’s disease. 
Gastroenterology 2005; 128: 2020-2028 [PMID: 15940634 DOI: 
10.1053/j.gastro.2005.03.046]

24	 Elitsur Y, Lawrence Z, Tolaymat N. The diagnostic accuracy 
of serologic markers in children with IBD: the West Virginia 
experience. J Clin Gastroenterol 2005; 39: 670-673 [PMID: 
16082274]

25	 Davis MK, Andres JM, Jolley CD, Novak DA, Haafiz AB, 
González-Peralta RP. Antibodies to Escherichia coli outer 
membrane porin C in the absence of anti-Saccharomyces 
cerevisiae antibodies and anti-neutrophil cytoplasmic an-
tibodies are an unreliable marker of Crohn disease and ul-
cerative colitis. J Pediatr Gastroenterol Nutr 2007; 45: 409-413 
[PMID: 18030205 DOI: 10.1097/MPG.0b013e31812f7f6e]

26	 Dubinsky MC, Lin YC, Dutridge D, Picornell Y, Landers 
CJ, Farrior S, Wrobel I, Quiros A, Vasiliauskas EA, Grill B, 
Israel D, Bahar R, Christie D, Wahbeh G, Silber G, Dallaza-
deh S, Shah P, Thomas D, Kelts D, Hershberg RM, Elson CO, 
Targan SR, Taylor KD, Rotter JI, Yang H. Serum immune 
responses predict rapid disease progression among children 
with Crohn’s disease: immune responses predict disease 
progression. Am J Gastroenterol 2006; 101: 360-367 [PMID: 
16454844 DOI: 10.1111/j.1572-0241.2006.00456.x]

27	 Iltanen S, Tervo L, Halttunen T, Wei B, Braun J, Rantala 
I, Honkanen T, Kronenberg M, Cheroutre H, Turovskaya 
O, Autio V, Ashorn M. Elevated serum anti-I2 and anti-
OmpW antibody levels in children with IBD. Inflamm Bowel 
Dis 2006; 12: 389-394 [PMID: 16670528 DOI: 10.1097/01.
MIB.0000218765.84087.42]

28	 Ashorn S, Honkanen T, Kolho KL, Ashorn M, Välineva 
T, Wei B, Braun J, Rantala I, Luukkaala T, Iltanen S. Fecal 
calprotectin levels and serological responses to microbial 
antigens among children and adolescents with inflammatory 
bowel disease. Inflamm Bowel Dis 2009; 15: 199-205 [PMID: 
18618670 DOI: 10.1002/ibd.20535]

29	 Dotan I, Fishman S, Dgani Y, Schwartz M, Karban A, Lerner 
A, Weishauss O, Spector L, Shtevi A, Altstock RT, Dotan N, 
Halpern Z. Antibodies against laminaribioside and chitobio-
side are novel serologic markers in Crohn’s disease. Gastro-
enterology 2006; 131: 366-378 [PMID: 16890590 DOI: 10.1053/
j.gastro.2006.04.030]

30	 Seow CH, Stempak JM, Xu W, Lan H, Griffiths AM, Green-
berg GR, Steinhart AH, Dotan N, Silverberg MS. Novel anti-
glycan antibodies related to inflammatory bowel disease 
diagnosis and phenotype. Am J Gastroenterol 2009; 104: 
1426-1434 [PMID: 19491856 DOI: 10.1038/ajg.2009.79]

31	 Rieder F, Hahn P, Finsterhoelzl L, Schleder S, Wolf A, Dir-
meier A, Lopez R, Shen B, Rogler G, Klebl F, Lang T. Clinical 
utility of anti-glycan antibodies in pediatric Crohn’s disease 
in comparison with an adult cohort. Inflamm Bowel Dis 2012; 
18: 1221-1231 [PMID: 22147427 DOI: 10.1002/ibd.21854]

32	 Stöcker W, Otte M, Ulrich S, Normann D, Stöcker K, 
Jantschek G. Autoantibodies against the exocrine pancreas 
and against intestinal goblet cells in the diagnosis of Crohn’
s disease and ulcerative colitis. Dtsch Med Wochenschr 1984; 
109: 1963-1969 [PMID: 6150841 DOI: 10.1055/s-2008-1069485]

33	 Roggenbuck D, Hausdorf G, Martinez-Gamboa L, Reinhold 
D, Büttner T, Jungblut PR, Porstmann T, Laass MW, Henker J, 
Büning C, Feist E, Conrad K. Identification of GP2, the major 
zymogen granule membrane glycoprotein, as the autoanti-
gen of pancreatic antibodies in Crohn’s disease. Gut 2009; 58: 
1620-1628 [PMID: 19549613 DOI: 10.1136/gut.2008.162495]

34	 Komorowski L, Teegen B, Probst C, Aulinger-Stöcker K, Sina 
C, Fellermann K, Stöcker W. Autoantibodies against exocrine 
pancreas in Crohn’s disease are directed against two antigens: 

the glycoproteins CUZD1 and GP2. J Crohns Colitis 2013; 7: 
780-790 [PMID: 23140841 DOI: 10.1016/j.crohns.2012.10.011]

35	 Hölzl MA, Hofer J, Kovarik JJ, Roggenbuck D, Reinhold D, 
Goihl A, Gärtner M, Steinberger P, Zlabinger GJ. The zymo-
gen granule protein 2 (GP2) binds to scavenger receptor ex-
pressed on endothelial cells I (SREC-I). Cell Immunol 2011; 267: 
88-93 [PMID: 21190681 DOI: 10.1016/j.cellimm.2010.12.001]

36	 Ohno H, Hase K. Glycoprotein 2 (GP2): grabbing the 
FimH bacteria into M cells for mucosal immunity. Gut 
Microbes 2010; 1: 407-410 [PMID: 21468225 DOI: 10.4161/
gmic.1.6.14078]

37	 Hase K, Kawano K, Nochi T, Pontes GS, Fukuda S, Ebisawa 
M, Kadokura K, Tobe T, Fujimura Y, Kawano S, Yabashi 
A, Waguri S, Nakato G, Kimura S, Murakami T, Iimura M, 
Hamura K, Fukuoka S, Lowe AW, Itoh K, Kiyono H, Ohno 
H. Uptake through glycoprotein 2 of FimH(+) bacteria by M 
cells initiates mucosal immune response. Nature 2009; 462: 
226-230 [PMID: 19907495 DOI: 10.1038/nature08529]

38	 Stöcker W, Otte M, Ulrich S, Normann D, Finkbeiner H, 
Stöcker K, Jantschek G, Scriba PC. Autoimmunity to pan-
creatic juice in Crohn’s disease. Results of an autoantibody 
screening in patients with chronic inflammatory bowel 
disease. Scand J Gastroenterol Suppl 1987; 139: 41-52 [PMID: 
3324299]

39	 Klebl FH, Bataille F, Huy C, Hofstädter F, Schölmerich J, Ro-
gler G. Association of antibodies to exocrine pancreas with 
subtypes of Crohn’s disease. Eur J Gastroenterol Hepatol 2005; 
17: 73-77 [PMID: 15647645]

40	 Desplat-Jégo S, Johanet C, Escande A, Goetz J, Fabien N, 
Olsson N, Ballot E, Sarles J, Baudon JJ, Grimaud JC, Veyrac M, 
Chamouard P, Humbel RL. Update on Anti-Saccharomyces 
cerevisiae antibodies, anti-nuclear associated anti-neutrophil 
antibodies and antibodies to exocrine pancreas detected by 
indirect immunofluorescence as biomarkers in chronic in-
flammatory bowel diseases: results of a multicenter study. 
World J Gastroenterol 2007; 13: 2312-2318 [PMID: 17511029]

41	 Demirsoy H, Ozdil K, Ersoy O, Kesici B, Karaca C, Alkim C, 
Akbayir N, Erdem LK, Onuk MD, Beyzadeoglu HT. Anti-
pancreatic antibody in Turkish patients with inflammatory 
bowel disease and first-degree relatives. World J Gastroenterol 
2010; 16: 5732-5738 [PMID: 21128324 DOI: 10.3748/wjg.v16.
i45.5732]

42	 Lakatos PL, Altorjay I, Szamosi T, Palatka K, Vitalis Z, Tum-
pek J, Sipka S, Udvardy M, Dinya T, Lakatos L, Kovacs A, 
Molnar T, Tulassay Z, Miheller P, Barta Z, Stocker W, Papp 
J, Veres G, Papp M. Pancreatic autoantibodies are associated 
with reactivity to microbial antibodies, penetrating disease 
behavior, perianal disease, and extraintestinal manifesta-
tions, but not with NOD2/CARD15 or TLR4 genotype in a 
Hungarian IBD cohort. Inflamm Bowel Dis 2009; 15: 365-374 
[PMID: 18972554 DOI: 10.1002/ibd.20778]

43	 Joossens S, Vermeire S, Van Steen K, Godefridis G, Claes-
sens G, Pierik M, Vlietinck R, Aerts R, Rutgeerts P, Bossuyt 
X. Pancreatic autoantibodies in inflammatory bowel disease. 
Inflamm Bowel Dis 2004; 10: 771-777 [PMID: 15626896]

44	 Kovacs M, Lakatos PL, Papp M, Jacobsen S, Nemes E, Pol-
gar M, Solyom E, Bodi P, Horvath A, Muller KE, Molnar K, 
Szabo D, Cseh A, Dezsofi A, Arato A, Veres G. Pancreatic 
autoantibodies and autoantibodies against goblet cells in 
pediatric patients with inflammatory bowel disease. J Pediatr 
Gastroenterol Nutr 2012; 55: 429-435 [PMID: 22465933 DOI: 
10.1097/MPG.0b013e318256b516]

45	 Bogdanos DP, Roggenbuck D, Reinhold D, Wex T, Pavlidis 
P, von Arnim U, Malfertheiner P, Forbes A, Conrad K, Laass 
MW. Pancreatic-specific autoantibodies to glycoprotein 2 
mirror disease location and behaviour in younger patients 
with Crohn’s disease. BMC Gastroenterol 2012; 12: 102 [PMID: 
22866900 DOI: 10.1186/1471-230X-12-102]

46	 Pavlidis P, Romanidou O, Roggenbuck D, Mytilinaiou 

Kovács M et al . New serological markers in pediatric patients



4881 May 7, 2014|Volume 20|Issue 17|WJG|www.wjgnet.com

MG, Al-Sulttan F, Liaskos C, Smyk DS, Koutsoumpas AL, 
Rigopoulou EI, Conrad K, Forbes A, Bogdanos DP. Ileal 
inflammation may trigger the development of GP2-specific 
pancreatic autoantibodies in patients with Crohn’s disease. 
Clin Dev Immunol 2012; 2012: 640835 [PMID: 23118780 DOI: 
10.1155/2012/640835]

47	 Roggenbuck D, Reinhold D, Wex T, Goihl A, von Arnim 
U, Malfertheiner P, Büttner T, Porstmann T, Porstmann S, 
Liedvogel B, Bogdanos DP, Laass MW, Conrad K. Auto-
antibodies to GP2, the major zymogen granule membrane 
glycoprotein, are new markers in Crohn’s disease. Clin Chim 
Acta 2011; 412: 718-724 [PMID: 21195704 DOI: 10.1016/
j.cca.2010.12.029]

48	 Papp M, Foldi I, Altorjay I, Palyu E, Udvardy M, Tumpek 
J, Sipka S, Korponay-Szabo IR, Nemes E, Veres G, Dinya T, 
Tordai A, Andrikovics H, Norman GL, Lakatos PL. Anti-
microbial antibodies in celiac disease: trick or treat? World 
J Gastroenterol 2009; 15: 3891-3900 [PMID: 19701969 DOI: 
10.3748/wjg.15.3891]

49	 Papp M, Sipeki N, Vitalis Z, Tornai T, Altorjay I, Tornai I, 
Udvardy M, Fechner K, Jacobsen S, Teegen B, Sumegi A, 
Veres G, Lakatos PL, Kappelmayer J, Antal-Szalmas P. High 
prevalence of IgA class anti-neutrophil cytoplasmic antibod-
ies (ANCA) is associated with increased risk of bacterial 
infection in patients with cirrhosis. J Hepatol 2013; 59: 457-466 
[PMID: 23639483 DOI: 10.1016/j.jhep.2013.04.018]

50	 Papp M, Norman GL, Vitalis Z, Tornai I, Altorjay I, Foldi I, 
Udvardy M, Shums Z, Dinya T, Orosz P, Lombay B, Par G, 
Par A, Veres G, Csak T, Osztovits J, Szalay F, Lakatos PL. 
Presence of anti-microbial antibodies in liver cirrhosis--a 
tell-tale sign of compromised immunity? PLoS One 2010; 5: 
e12957 [PMID: 20886039 DOI: 10.1371/journal.pone.0012957]

51	 Bossuyt X. Serologic markers in inflammatory bowel dis-
ease. Clin Chem 2006; 52: 171-181 [PMID: 16339302 DOI: 
10.1373/clinchem.2005.058560]

52	 Gupta SK, Fitzgerald JF, Croffie JM, Pfefferkorn MD, Moll-
eston JP, Corkins MR. Comparison of serological markers of 
inflammatory bowel disease with clinical diagnosis in chil-
dren. Inflamm Bowel Dis 2004; 10: 240-244 [PMID: 15290918]

53	 Benor S, Russell GH, Silver M, Israel EJ, Yuan Q, Winter HS. 
Shortcomings of the inflammatory bowel disease Serology 7 
panel. Pediatrics 2010; 125: 1230-1236 [PMID: 20439597 DOI: 
10.1542/peds.2009-1936]

54	 Ferrante M, Henckaerts L, Joossens M, Pierik M, Joossens S, 
Dotan N, Norman GL, Altstock RT, Van Steen K, Rutgeerts 
P, Van Assche G, Vermeire S. New serological markers in 
inflammatory bowel disease are associated with complicated 
disease behaviour. Gut 2007; 56: 1394-1403 [PMID: 17456509 
DOI: 10.1136/gut.2006.108043]

55	 Rieder F, Schleder S, Wolf A, Dirmeier A, Strauch U, Ober-
meier F, Lopez R, Spector L, Fire E, Yarden J, Rogler G, Dot-
an N, Klebl F. Association of the novel serologic anti-glycan 
antibodies anti-laminarin and anti-chitin with complicated 
Crohn’s disease behavior. Inflamm Bowel Dis 2010; 16: 263-274 
[PMID: 19653286 DOI: 10.1002/ibd.21046]

56	 Müller KE, Lakatos PL, Arató A, Kovács JB, Várkonyi 
A, Szűcs D, Szakos E, Sólyom E, Kovács M, Polgár M, 
Nemes E, Guthy I, Tokodi I, Tóth G, Horváth A, Tárnok A, 
Csoszánszki N, Balogh M, Vass N, Bódi P, Dezsőfi A, Gárdos 
L, Micskey E, Papp M, Cseh A, Szabó D, Vörös P, Veres G. 
Incidence, Paris classification, and follow-up in a nationwide 
incident cohort of pediatric patients with inflammatory bow-
el disease. J Pediatr Gastroenterol Nutr 2013; 57: 576-582 [PMID: 
23820399 DOI: 10.1097/MPG.0b013e31829f7d8c]

57	 Kovacs M, Muller KE, Arato A, Lakatos PL, Kovacs JB, Var-
konyi A, Solyom E, Polgar M, Nemes E, Guthy I, Tokodi I, 
Toth G, Horvath A, Tarnok A, Tomsits E, Csoszánszky N, 
Balogh M, Vass N, Bodi P, Dezsofi A, Gardos L, Micskey 
E, Papp M, Szucs D, Cseh A, Molnar K, Szabo D, Veres G. 

Diagnostic yield of upper endoscopy in paediatric patients 
with Crohn’s disease and ulcerative colitis. Subanalysis of 
the HUPIR registry. J Crohns Colitis 2012; 6: 86-94 [PMID: 
22261532 DOI: 10.1016/j.crohns.2011.07.008]

58	 Gupta N, Bostrom AG, Kirschner BS, Ferry GD, Gold BD, 
Cohen SA, Winter HS, Baldassano RN, Abramson O, Smith T, 
Heyman MB. Incidence of stricturing and penetrating com-
plications of Crohn’s disease diagnosed in pediatric patients. 
Inflamm Bowel Dis 2010; 16: 638-644 [PMID: 19760783 DOI: 
10.1002/ibd.21099]

59	 Papp M, Altorjay I, Norman GL, Shums Z, Palatka K, Vitalis 
Z, Foldi I, Lakos G, Tumpek J, Udvardy ML, Harsfalvi J, 
Fischer S, Lakatos L, Kovacs A, Bene L, Molnar T, Tulassay 
Z, Miheller P, Veres G, Papp J, Lakatos PL. Seroreactivity to 
microbial components in Crohn’s disease is associated with 
ileal involvement, noninflammatory disease behavior and 
NOD2/CARD15 genotype, but not with risk for surgery in 
a Hungarian cohort of IBD patients. Inflamm Bowel Dis 2007; 
13: 984-992 [PMID: 17417801 DOI: 10.1002/ibd.20146]

60	 Arnott ID, Landers CJ, Nimmo EJ, Drummond HE, Smith 
BK, Targan SR, Satsangi J. Sero-reactivity to microbial com-
ponents in Crohn’s disease is associated with disease sever-
ity and progression, but not NOD2/CARD15 genotype. Am 
J Gastroenterol 2004; 99: 2376-2384 [PMID: 15571586]

61	 Simondi D, Mengozzi G, Betteto S, Bonardi R, Ghignone RP, 
Fagoonee S, Pellicano R, Sguazzini C, Pagni R, Rizzetto M, 
Astegiano M. Antiglycan antibodies as serological markers 
in the differential diagnosis of inflammatory bowel disease. 
Inflamm Bowel Dis 2008; 14: 645-651 [PMID: 18240283 DOI: 
10.1002/ibd.20368]

62	 Rieder F, Schleder S, Wolf A, Dirmeier A, Strauch U, Ober-
meier F, Lopez R, Spector L, Fire E, Yarden J, Rogler G, 
Dotan N, Klebl F. Serum anti-glycan antibodies predict com-
plicated Crohn’s disease behavior: a cohort study. Inflamm 
Bowel Dis 2010; 16: 1367-1375 [PMID: 20024902 DOI: 10.1002/
ibd.21179]

63	 Malickova K, Lakatos PL, Bortlik M, Komarek V, Janatkova I, 
Lukas M. Anticarbohydrate antibodies as markers of inflam-
matory bowel disease in a Central European cohort. Eur J 
Gastroenterol Hepatol 2010; 22: 144-150 [PMID: 19927001 DOI: 
10.1097/MEG.0b013e32832f5c7e]

64	 Koutroubakis IE, Drygiannakis D, Karmiris K, Drygianna-
kis I, Makreas S, Kouroumalis EA. Pancreatic autoantibod-
ies in Greek patients with inflammatory bowel disease. Dig 
Dis Sci 2005; 50: 2330-2334 [PMID: 16416183 DOI: 10.1007/
s10620-005-3056-0]

65	 Op De Beéck K, Vermeire S, Rutgeerts P, Bossuyt X. An-
tibodies to GP2, the major zymogen granule membrane 
glycoprotein, in inflammatory bowel diseases. Gut 2012; 
61: 162-164; author reply 164-165 [PMID: 21193445 DOI: 
10.1136/gut.2010.233148]

66	 Fleshner P, Ippoliti A, Dubinsky M, Vasiliauskas E, Mei L, 
Papadakis KA, Rotter JI, Landers C, Targan S. Both preop-
erative perinuclear antineutrophil cytoplasmic antibody and 
anti-CBir1 expression in ulcerative colitis patients influence 
pouchitis development after ileal pouch-anal anastomosis. 
Clin Gastroenterol Hepatol 2008; 6: 561-568 [PMID: 18378498 
DOI: 10.1016/j.cgh.2008.01.002]

67	 Singh S, Sharma PK, Loftus EV, Pardi DS. Meta-analysis: 
serological markers and the risk of acute and chronic pouchi-
tis. Aliment Pharmacol Ther 2013; 37: 867-875 [PMID: 23480145 
DOI: 10.1111/apt.12274]

68	 Esters N, Vermeire S, Joossens S, Noman M, Louis E, Be-
laiche J, De Vos M, Van Gossum A, Pescatore P, Fiasse R, 
Pelckmans P, Reynaert H, Poulain D, Bossuyt X, Rutgeerts P. 
Serological markers for prediction of response to anti-tumor 
necrosis factor treatment in Crohn’s disease. Am J Gastro-
enterol 2002; 97: 1458-1462 [PMID: 12094865 DOI: 10.1111/
j.1572-0241.2002.05689.x]

Kovács M et al . New serological markers in pediatric patients



4882 May 7, 2014|Volume 20|Issue 17|WJG|www.wjgnet.com

69	 Dubinsky MC, Mei L, Friedman M, Dhere T, Haritunians T, 
Hakonarson H, Kim C, Glessner J, Targan SR, McGovern DP, 
Taylor KD, Rotter JI. Genome wide association (GWA) pre-
dictors of anti-TNFalpha therapeutic responsiveness in pe-
diatric inflammatory bowel disease. Inflamm Bowel Dis 2010; 
16: 1357-1366 [PMID: 20014019 DOI: 10.1002/ibd.21174]

70	 Rieder F, Lopez R, Franke A, Wolf A, Schleder S, Dirmeier 
A, Schirbel A, Rosenstiel P, Dotan N, Schreiber S, Rogler G, 
Klebl F. Characterization of changes in serum anti-glycan 
antibodies in Crohn’s disease--a longitudinal analysis. PLoS 
One 2011; 6: e18172 [PMID: 21573154 DOI: 10.1371/journal.
pone.0018172]

P- Reviewers: Fujimori S, Feuerstein JD, Konishi T, Lucendo AJ    
S- Editor: Gou SX    L- Editor: Rutherford A    

E- Editor: Wang CH

Kovács M et al . New serological markers in pediatric patients



© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 

315-321 Lockhart Road, Wan Chai, Hong Kong, China
Fax: +852-65557188

Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

1  7


