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Abstract
Background and Aims  In nonresponsive celiac disease (NRCD), the symptoms and duodenal damage persist despite a 
gluten-free diet. Celiac disease patients with persistent symptoms are found to have a dysbiotic microbiota. We thus hypoth-
esized that increased seroreactivity to the serum gluten-sensitive microbial antibodies Saccharomyces cerevisiae (ASCA), 
Pseudomonas fluorescens-associated sequence (I2), and Bacteroides caccae TonB-linked outer membrane protein (OmpW) 
is associated with NRCD.
Methods  ASCA, I2 and OmpW were measured in 20 seronegative CD patients with persistent villous damage despite strict 
dietary treatment (NRCD group). Fifty-eight responsive patients served as CD controls (55 on gluten-free treatment) and 
80 blood donors as non-CD controls.
Results  At least one microbial marker was positive in 80% of NRCD patients, in 97% of untreated CD and 87% of treated 
CD patients, and in 44% of controls. NRCD patients had the highest frequency of ASCA positivity (65% vs 52, 20, and 
0%, respectively) and also significantly higher ASCA IgA (median 14.5 U/ml) and IgG (32.5 U/ml) titers than treated CD 
patients (7.0 U/ml, 13.0 U/ml) and non-CD controls (4.5 U/ml, 5.8 U/ml). The frequencies of I2 and OmpW were lower 
in NRCD than in untreated CD (65% and 45% vs 86% and 59%, respectively), and I2 titers were higher in NRCD (median 
absorbance 0.76) and untreated (1.0) and treated (0.83) CD than controls (0.32). OmpW was elevated in untreated (1.1) and 
treated (0.94) CD patients compared with controls (0.79).
Conclusions  Seropositivity and high titers of ASCA are associated with NRCD and might serve as an additional follow-up 
tool in CD.

Keywords  Nonresponsive celiac disease · Microbiota · Saccharomyces cerevisiae · Pseudomonas fluorescence · 
Bacteroides caccae

Introduction

Celiac disease (CD) is an immune-mediated intestinal dis-
ease characterized by diverse symptoms, specific autoanti-
bodies against tissue transglutaminase (tTG-ab), and small-
bowel mucosal injury. The only cure is a strict gluten-free 
diet (GFD), initiation of which usually results in beneficial 
response. Some patients, however, have nonresponsive celiac 
disease (NRCD) characterized by persistent clinical symp-
toms and histological damage [1–3]. The most common rea-
son for NRCD is ongoing gluten intake, but there may also 
be coexisting disorders such as irritable bowel syndrome 

and microscopic colitis sustaining the symptoms [1–3]. 
After exclusion of other etiologies, refractory celiac disease 
(RCD) must be ruled out. Suggested risk factors for RCD 
are for example older age, male gender, and seronegativity at 
diagnosis [4], but the fundamental reasons for the develop-
ment of RCD remain unknown.

Recently, there has been growing interest in the role of 
abnormal gut microbiota in the development of chronic intes-
tinal diseases [5, 6]. Alongside the well-known association 
with anti-Saccharomyces cerevisiae antibodies (ASCA), we 
and others have reported increased serological responses to 
Pseudomonas fluorescens-associated sequence (I2) and Bac-
teroides caccae TonB-linked outer membrane protein (OmpW) 
in IBD [7–9]. A dysbiotic microbiota has also been associated 
with persistent symptoms in treated CD [10] and presence of 
ASCA and I2 with an increased risk of a complicated course 
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in IBD [11–14]. These microbial markers are also gluten-sen-
sitive and already present in early stages of CD, even before 
the development of villous atrophy and serum CD-specific 
autoantibodies (tTG-ab) [15–18].

Based on these observations, we hypothesized that NRCD 
could be associated with a dysbiotic intestinal microbiota 
reflected by increased seroreactivity against ASCA, I2, and 
OmpW. In addition, since most RCD patients are negative 
for CD autoantibodies [19], microbial markers might serve 
as novel noninvasive diagnostic and follow-up tools. We 
tested these hypotheses by comparing microbial seroreac-
tivity between groups of NRCD patients, responsive CD 
patients, and non-CD controls.

Methods

Patients and Study Design

The study was conducted in Tampere University and Tam-
pere University Hospital. The cohort comprised 20 adult 
NRCD patients, 58 CD patients with dietary response to 
GFD, and 80 healthy blood donors (non-CD controls). CD 
patients underwent careful clinical, serological, and histo-
logical evaluation during the diagnostic visit, and additional 
blood samples were drawn for serological analyses and HLA 
genotyping. After the diagnosis, the patients started a GFD 
under the supervision of a professional dietitian, and upper 
gastrointestinal endoscopy and clinical assessment were car-
ried out after 1 year. The NRCD group comprised 20 CD 
patients who continued to have persistent clinical symptoms 
and villous atrophy despite long-term (median 3.5 years) 
strict GFD. Besides the esogastroduodenoscopy, the patients 
underwent various other medical investigations such as 
laboratory testing, abdominal imaging, and colonoscopy to 
exclude other than dietary reasons for NRCD [20]. Repeat 
endoscopy was conducted after 1 year in 15 NRCD patients, 
whereas the rest five were biopsied within 2–4 years. Two 
of the NRCD patients developed a true refractory CD with 
abnormal intraepithelial lymphocyte phenotype during the 
follow-up. The 58 CD patients who evinced a clear clinical, 
serological, and histological response to GFD represented 
the responsive CD patients. Among these, control sera for 
microbial analyses after 1 year on GFD were available from 
55 subjects.

The Ethical Committee of the Pirkanmaa Hospital Dis-
trict approved the study protocol and patient enrollment. All 
participants gave written informed consent.

Small‑Bowel Mucosal Morphology 
and Immunohistochemistry

Upper gastrointestinal endoscopy with multiple duode-
nal biopsies was undertaken in CD and NRCD patients at 

diagnosis and on GFD. The biopsy samples were orientated 
and processed according to our standard operating proce-
dures [21]. Mucosal inflammation and villous height–crypt 
depth ratio (VH/CrD) were calculated from H&E-stained 
paraffin sections as an average from at least three separate 
villous-crypt units. In addition, separate biopsies were taken 
for immunohistochemical analyses, embedded in optimal 
cutting temperature compound (Miles Labs, Elkhart, IN, 
USA) and stored at − 80 °C until further used. Cryostat 
sections were cut 5 μm thick and processed for immuno-
histochemistry as described elsewhere [22]. The densities 
of mucosal CD3 + and γδ + IELs were quantified from the 
frozen sections utilizing monoclonal antibodies against CD3 
(Leu-4; Becton Dickinson, San Jose, CA) and TCRγ (Endo-
gen, Woburn, MA) [22]. All evaluations were carried out 
without previous information on the patient’s medical his-
tory or laboratory results.

Serum Antibody Tests and HLA‑Typing

Serum for the celiac autoantibodies and microbial markers 
were drawn in connection with the endoscopy visits. Serum 
IgA class tissue transglutaminase antibodies (tTG-ab) were 
measured by a commercial enzyme-linked immunosorbent 
assay (ELISA) according to the manufacturer’s instructions 
(Celikey; Phadia, Freiburg, Germany). Serum tTG-ab val-
ues ≥ 5.0 U/ml were considered positive. In case of selective 
IgA deficiency, the serum tests were carried out utilizing the 
corresponding IgG class antibodies.

Serum IgA and IgG class ASCA were measured by 
ELISA (Quanta Lite ASCA; INOVA Diagnostics Inc., 
San Diego, CA) according to manufacturer’s protocol. 
Results ≥ 25 U/ml for IgA and IgG ASCA were regarded as 
positive [15]. I2 and OmpW were expressed in E. coli XL-1 
blue and E. coli BL-21 (Stratagene, La Jolla, CA) strains, 
and antigens for the corresponding IgA ELISA test were 
produced using previously reported antigen purification 
techniques [23, 24]. The cutoff level for positivity was set at 
absorbance 0.5 for I2 and at 1.0 for OmpW [7].

The presence of the celiac disease-associated HLA alleles 
(HLA)-DQB1*02 and DQB1*0302 (DQ2 and DQ8) was 
analyzed in whole blood samples from all NRCD and CD 
patients as described elsewhere [25].

Statistical Analysis

Quantitative data were expressed as percentages or as 
medians with lower and upper quartiles. Kruskal–Wal-
lis and Mann–Whitney tests were used to compare serum 
antibody titers and other parameters between the groups, 
and Dunn–Bonferroni test was used for post hoc pairwise 
comparisons. When comparing seropositivity to ASCA, I2, 
and OmpW, the groups were adjusted by age and gender by 
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binary logistic regression. To express overlapping of sero-
positivity for different microbial antibodies, the data were 
cross-tabulated. A p value < 0.05 was considered significant. 
Statistical analyses were carried out with IBM SPSS Statis-
tics, version 23.

Results

Patients with NRCD were somewhat older and non-CD 
controls more often men than subjects in the other study 
groups (Table 1). However, adjusting by age and gender did 
not change the study results. Coexisting collagenous colitis 
was diagnosed in two and unspecific proctitis in one NRCD 
patients, but treatment of these diseases did not affect the CD 
symptoms or duodenal histology. The exact tTG-ab value at 
diagnosis was available from nine NRCD patients of whom 
in eight it was positive. Their median value was somewhat 
higher compared with GFD-responsive patients, but the dif-
ference was not significant (72.6 vs 31.7 U/l, respectively, 
p = 0.125). Furthermore, VH/CrD was lower in NRCD than 
GFD-responsive patients at diagnosis with borderline sig-
nificance (median ratio 0.2 vs 0.4, respectively, p = 0.065).

By definition, on a GFD NRCD patients had lower VH/
CrD than CD patients (Table 1). Morphology of the duo-
denal mucosa was fully normalized in 32 (58%) out of the 
55 GFD-responsive patients after 1 year on GFD, while the 
rest had ongoing recovery. NRCD patients had the lowest 
median tTG-ab value of all groups (the value was immeas-
urably low in 16 out of 20 cases), but they still had median 
CD3 + and γδ + IEL densities almost as high as untreated 
CD patients (Table 1). The tTG-ab titers clearly decreased 
on GFD but remained marginally elevated in seven GFD-
responsive patients, as well as in four NRCD patients. One 
of the NRCD patients had IgA deficiency and also negative 
IgG class tTG-ab on GFD. All of the controls had negative 
tTG-ab. All NRCD and CD patients had the celiac disease-
associated HLA-DQ2 and/or DQ8.

Seropositivity for at least one of the three microbial 
markers (ASCA, I2, OmpW) was seen in 80% of NRCD 
patients, 97% of untreated and 87% of treated CD patients, 
and in 44% of non-CD controls (Fig. 1). The most conspicu-
ous difference between the groups was observed in ASCA, 
seropositivity for which was even more common in NRCD 
(65%) than untreated CD (52%), while only 20% of the 
treated CD patients and none of the controls were ASCA 
positive (Fig. 1). Seropositivity to I2 and OmpW was sig-
nificantly more common in untreated CD patients (86% and 
59%, respectively) and less frequent in controls (31% and 
24%) (Fig. 1), whereas no significant difference was seen 
between NRCD and other groups.

NRCD patients had significantly higher IgA and IgG class 
ASCA titers compared with responsive CD patients on a 
GFD and non-CD controls; the titers were also higher in 
untreated CD patients than in those on a GFD (Figs. 2a and 
2b). Although the difference was not clinically significant, 
the ASCA titer medians were higher in NRCD (ASCA IgA 
14.5 and IgG 32.5) than in untreated CD (10.5 and 23.5, 
respectively). I2 titers were significantly higher in NRCD 
and both CD groups compared with non-CD controls, 
whereas there was no significant difference between the 
NRCD and CD groups (Fig. 2c). OmpW titers did not dif-
fer significantly between NRCD and CD groups, but were 
higher in both untreated and treated CD compared with non-
CD controls (Fig. 2d).

There was no correlation between age and any of the 
serum antibody titers within the four subgroups. In addi-
tion, the titers did not differ significantly when genders were 
evaluated separately (data not shown).

Discussion

The most conspicuous finding in the present study was the 
highest frequency of ASCA positivity in NRCD patients 
compared with the other study groups. In accord, NRCD 

Table 1   Demographic, histological and serological data in nonresponsive and responsive celiac disease (CD) patients and in nonceliac controls

GFD gluten-free diet, VH/CrD villous height–crypt depth ratio, Q1–3 lower and upper quartiles, TG2ab transglutaminase 2 antibodies, IEL 
intraepithelial lymphocyte, ND no data
a Biopsy was conducted in all but one GFD-responsive patient

Nonresponsive CD CD at diagnosis CD on a GFD Controls
n = 20 n = 58 n = 55 n = 80

Females, % 85.0 77.6 76.4 35.0
Age, median (Q1–3), years 50 (43–67) 45 (36–59) 46 (38–60) 41 (31–56)
VH/CrD, median (Q1–3) 0.3 (0.1–1.0) 0.4 (0.2–0.7) 2.1 (1.5–2.6)a ND
CD3 + IELs, median (Q1–3), cells/mm 38.0 (26.0–55.0) 51.0 (35.5–69.0) 28.0 (19.5–37.5) ND
γδ + IELs, median (Q1–3), cells/mm 11.9 (4.7–16.8) 13.4 (9.0–17.2) 8.7 (4.7–12.7) ND
TG2ab, median (Q1–3), U/l 0.0 (0.0–0.0) 31.7 (8.7–71.6) 1.9 (1.1–3.6) 0.3 (0.1–0.5)
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Fig. 1   Distribution of positivity to Saccharomyces cerevisiae 
(ASCA), Pseudomonas fluorescens-associated sequence (I2) and Bac-
teroides caccae TonB-linked outer membrane protein (OmpW) serum 

antibodies in NRCD and CD (at the time of diagnosis and on a GFD) 
patients and controls. The numbers are given as percentages for each 
antibody and their combinations (together the numbers add 100%)
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patients also showed higher median ASCA levels than the 
GFD-responsive CD patients and non-CD controls. Besides 
ourselves, only Gross and colleagues have previously 
evaluated the role of ASCA in NRCD [26]. The authors 
measured IgA class ASCA titers in 35 CD patients and 27 
non-CD controls and further divided the CD group into 
GFD-responsive (n = 26) and nonresponsive (n = 9). They 
found the median ASCA titers in the NRCD patients to 
be quite similar (17.3 U/ml) to our figures (14.5 U/ml). In 
contrast, Gross and associates observed higher ASCA titers 
both in the untreated (17.1 U/ml vs. 10.5 U/ml, respectively) 
CD patients and GFD-responsive (11.6 U/ml vs. 7.0 U/ml) 
treated patients, and also in non-CD controls (11.1 U/ml vs. 
4.5 U/ml). One plausible explanation for these discrepan-
cies between studies might be use of different commercial 
kits for the ASCA analyses. Furthermore, the selection of 
patients and controls and the definition of NRCD were not 
identical. For instance, the patients in the study by Gross and 
group had been on a GFD for a markedly shorter time and 
appeared to be only slow responders, as they had ongoing 
mucosal damage during the study but recovered later during 
follow-up [26].

In neither the present study nor in that by Gross and col-
leagues did the ASCA titers differ significantly between 
NRCD and untreated CD, very likely because NRCD 
patients continued to evince histological damage in the 
small-bowel mucosa. In contrast, both we and they found 
ASCA titers to decrease in CD patients responding to GFD, 
and the same has also been reported in a few previous stud-
ies [15–17]. Moreover, we have shown a positive correla-
tion between the severity of small-bowel mucosal damage 
and ASCA titers [17]. The gluten sensitivity of ASCA and 
its association with the histological damage is of particu-
lar interest regarding the follow-up of celiac disease, since 
tTG-ab have shown limited sensitivity in the assessment 
of mucosal recovery [27]. Hence, new sensitive and non-
invasive biomarkers for monitoring GFD are being eagerly 
sought.

Interestingly, seropositivity to ASCA has been shown to 
be less frequent in children than in adults with CD, very 
likely by reason of the shorter duration of gluten exposure 
and mucosal damage [16]. Further, even if increased, the 
ASCA titers in children also seem to decrease faster on 
GFD compared with adult patients [16]. On the other hand, 
RCD is practically nonexistent in children [28], indicating 
that the development of this severe condition requires long-
term exposure to dietary gluten with ongoing small-bowel 
mucosal damage [4]. Gross and colleagues [26] investi-
gated ten adults with type II RCD and found them to exhibit 
even higher serum ASCA titers than untreated CD patients, 
this finding supporting a possible relation between ASCA 
and disease severity. Interestingly, our data also showed a 
trend toward higher ASCA titers in NRCD than in CD at 

diagnosis. In fact in Crohn’s disease, ASCA-positive patients 
have been reported to have a more aggressive clinical and 
endoscopic presentation with an increased risk of severe 
complications [11–13]. These findings indicate that posi-
tive ASCA signifies in general a more complicated disease 
course and poorer treatment response in both CD and IBD.

To our knowledge, this is the first study assessing serum 
antibodies to Pseudomonas fluorescens-associated sequence 
(I2) and Bacteroides caccae TonB-linked outer membrane 
protein (OmpW) in NRCD patients. In contrast to ASCA, 
NRCD patients did not show significantly higher I2 or 
OmpW titers than those in the GFD-responsive group, while 
seropositivity to these two markers was more frequent in 
untreated CD than in the NRCD and other study groups. 
In Crohn’s disease, seroreactivity toward I2 is associated 
with severe fibrostenosing phenotype and a higher risk of 
small-bowel surgery [14]. Although we found I2 titers to be 
higher in NRCD than in healthy controls, there was no dif-
ference between the three CD groups, and the results do not 
support a major association between seroreactivity to I2 and 
the development of NRCD. OmpW was elevated only in the 
CD groups other than NRCD when compared to controls, 
suggesting that it might take a longer time for OmpW titers 
to normalize during GFD.

It has been suggested that complicated interactions 
between various environmental and genetic factors and gut 
microbiota together modulate the risk for celiac disease [29]. 
The role of luminal microbiota in these circumstances is 
supported by the finding that its composition differs between 
active CD and healthy individuals [30]. Interestingly, we 
have recently shown treated CD patients with persistent 
symptoms to have intestinal dysbiosis and reduced microbial 
diversity in comparison with GFD-responsive patients [10], 
and the present observation of elevated microbial antibodies 
in NRCD could reflect a similar ongoing imbalance in the 
microbiota. Nevertheless, it still remains unclear whether 
there is a causal connection between intestinal dysbiosis 
and the persistency of CD activity, or whether the altered 
microbiota simply reflects an ongoing pathologic process 
triggered by other factors.

Another intriguing question is how the microbial antigens 
enter into the systemic circulation and drive the production 
of the corresponding serum microbial antibodies in different 
gastrointestinal conditions. In IBD, it has been suggested that 
they enter the body via a disrupted intestinal mucosal barrier 
[31]. Similarly, even treated CD patients may have increased 
intestinal permeability when compared to healthy controls 
[32], this possibly offering a route for microbial products to 
enter the circulation. On the other hand, in Crohn’s disease 
ASCA titers do not necessarily correlate with intestinal perme-
ability [33, 34], and in the study by Gross and group no cor-
relation was found between the degree of villous atrophy and 
mucosal permeability [26]. Moreover, we recently observed 
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seroreactivity to microbial markers already at stages of CD 
prior to marked histological damage [18], suggesting that there 
could be some other mechanism than mucosal disintegration 
driving the elevated serum microbial antibody levels.

The main strengths of this research were the well-defined 
groups of NRCD and regular CD patients. In particular, the 
original CD diagnoses and medical information were con-
firmed as well as possible, and NRCD patients had under-
gone extensive exclusion of coexisting conditions pos-
sibly causing nonresponsivity. In addition, more than one 
microbial marker was included to obtain a broader view 
of the microbial seroreactivity in CD. In fact, neither I2 
nor OmpW have previously been studied in patients with 
NRCD or RCD. As a limitation, the microbial markers were 
not measured in NRCD patients at diagnosis, and it thus 
remains unclear whether the titers would have differed from 
the responsive patients at that point. The duration of GFD 
was also shorter in the responsive than nonresponsive group 
which could have influenced the serological outcomes. Only 
two NRCD patients developed abnormal lymphocyte phe-
notype, and we thus had no true RCD group. It must also be 
emphasized that, although the NRCD patients underwent 
extensive diagnostic workup, some conditions such as food 
allergies were not systemically ruled out. In addition, the 
causal relationship between microbial markers and CD activ-
ity could not be evaluated in the present study design and 
thus remains a subject for further research.

To conclude, we found seropositivity and high titers of 
ASCA to be associated with NRCD. This indicates that 
ASCA is associated with more severe disease course and 
poorer response to GFD and might thus serve as an addi-
tional noninvasive marker of histological recovery in CD.
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