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Background and Aim: Serum immunoglobulins were reported to be associated with
clinical characteristics of inflammatory bowel disease. However, whether a difference
exists in the serum immunoglobulins levels in patients with Crohn’s disease (CD) with
different disease location and behavior phenotypes remains unclear. Therefore, this
study aimed to explore the associations of serum immunoglobulins levels with specific
CD phenotypes.

Methods: Patients with CD having recorded serum immunoglobulins levels were
recruited through multicenter collaborative efforts. The associations between serum
immunoglobulins levels and distinct phenotypes of CD were evaluated using multiple
logistic regression models.

Results: A total of 608 patients with CD were included in the study. Elevated (above
the upper limit of normal) serum immunoglobulin G (IgG), IgA, IgM, and IgG4 were
identified in 24.5, 17.4, 2.1, and 8.2% of patients, respectively. Elevated serum IgG4
levels negatively correlated with complicated disease behavior [odds ratio (OR) 0.49,
95% confidence interval (Cl) 0.26-0.92]. Elevated serum IgG was linked to isolated
ileal disease with an OR of 0.37 (95% CI 0.23-0.61). The ORs of isolated ileal
disease progressively reduced across increasing quartiles of IgG (P for trend < 0.001).
The adjusted ORs of isolated ileal disease for increasing quartiles of IgM were 1.82
(1.07-3.1), 1.92 (1.14-3.24), 1.17 (0.69-1.98), and 1 (P for trend = 0.008). Besides,
serum IgA and IgG levels significantly correlated with several disease activity indices.
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Serum Immunoglobulins and CD Phenotypes

Conclusions:

These results suggested that certain serum immunoglobulins were

associated with specific disease phenotypes of CD. Further investigations to account
for the associations are warranted.

Keywords: Crohn’s disease, disease phenotypes, disease activity, serum immunoglobulins, cross-sectional study

INTRODUCTION

Crohn’s disease (CD), one subtype of inflammatory bowel disease
(IBD), is a chronic, relapsing-remitting inflammatory disorder
involving the gastrointestinal tract. The increased prevalence
of IBD with time in developing nations has been confirmed
(1, 2). The innate and adaptive immune systems are critical to
the development of IBD, and the latter is the more proximate
driver of tissue damage in patients with IBD (3). The adaptive
immune system is composed of B cells, T cells, and regulatory T/B
cells. The function of B cells in the etiology of IBD has received
increasing attention in recent years (4, 5). B cells are transformed
into plasma cells, which synthesize and release immunoglobulin
G (IgG), IgA, IgM, IgD, and IgE. The isotypes and subclasses of
immunoglobulins have distinct effector functions and represent
particular immunologic processes (6). The change in the serum
levels of immunoglobulin isotypes has been confirmed and
the distribution is unique in different autoimmune diseases,
thus confirming the role of certain isotypes of immunoglobulin
in disease development (7-9). Serum IgG has been found to
provide risk prediction in patients with immunoglobulin A
nephropathy, autoimmune hepatitis accompanied by systemic
lupus erythematosus (SLE-AIH), and hepatitis B virus-related
acute-on-chronic liver failure (HBV-ACLF) (10-12).

Serum immunoglobulins levels have been reported to be
associated with distinct clinical characteristics of IBD. Previous
studies showed that the levels of serum IgG, IgGl, and 1gG4
were significantly increased in ulcerative colitis (UC) compared
with CD. Conversely, the serum IgG2 levels were significantly
decreased in UC compared with CD (13, 14). In addition, a
possible relationship between low serum IgG or IgGl1 levels and
the need for small bowel resection in patients with IBD has been
reported (15). Furthermore, hypergammaglobulinemia defined
as elevated IgG levels contributes to distinguishing arthritis from
arthralgia in pediatric IBD (16). Patients with IBD having high
levels of mucosal and serum IgG4 tend to have severe and
extensive lesions (17).

Patients with CD can be further classified according to the
Montreal classification, including age of onset, disease behavior,
and disease location (18). Complicated disease (stricturing or
penetrating behavior) and ileal disease location at diagnosis
conferred an increased risk of intestinal resection in CD (19,
20). Thus, patients with CD with specific disease phenotypes
may benefit from early intervention. Nevertheless, studies
focusing on the associations of serum immunoglobulins levels
with different disease location and behavior phenotypes of
CD are limited. A clear understanding of the immune
mechanisms involved in CD contributes to risk stratification and
personalized prevention.

It was hypothesized that the expression of serum
immunoglobulins is different in patients with CD with
different disease location and behavior phenotypes. Hence, a
cross-sectional study was performed to explore the possible
associations between serum immunoglobulins levels and
phenotypic features of CD.

METHODS

Patient Population
Patients with CD with recorded serum immunoglobulins levels
between 2016 and 2018 were recruited from seven tertiary
hospitals in China. The diagnosis of CD was performed according
to the European Crohn’s and Colitis Organization (ECCO)
consensus (21). Meanwhile, patients with CD coexisting with
other autoimmune diseases were excluded. Finally, the present
study comprised 608 individuals who received serum IgG, IgA,
IgM, and IgG4 testing.

The study was approved by the Medical Ethics Committee
of Renji Hospital, School of Medicine, Shanghai Jiao
Tong University.

Clinical Characteristics of CD Patients

The demographic data, Montreal classification of CD, surgical
history, history of appendectomy and perianal operation, disease
activity, and other laboratory tests such as C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), hemoglobin,
platelet (PLT) count, albumin, and prealbumin were collected
from each patient. CD phenotypes were evaluated based on
the Montreal classification. Complicated disease was defined as
B2, B3, and B2B3 (22). Perianal disease consisted of perianal
abscess and perianal fistula. Surgical history was bowel resection
associated with CD. The disease activity was determined based on
the Harvey-Bradshaw index (23).

Analysis of the Levels of Serum IgG, IgA,
IgM, and IgG4

As a retrospective study using electronic medical records, the
serum immunoglobulins assays used were not controlled. The
serum immunoglobulins levels were considered as elevated when
they were higher than the upper limit of normal in each hospital.
The serum immunoglobulins levels from different centers were
normalized based on their distributions for quantitative and
correlation analyses (24-26).

Statistical Analysis

All statistical analyses were carried out using SPSS software
(version 19). Categorical variables were presented as numbers
(percentages) and continuous variables as medians [interquartile
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range (IQR)] unless specifically annotated. The normal
distribution of continuous data was determined using the
Kolmogorov-Smirnov test. Comparisons of percentages between
groups were performed using the chi-square or Fisher’s exact
test. Comparisons between groups for ordered variables were
performed using the rank-sum test. Statistical differences
for normally distributed data between two groups were
analyzed using the Student t-test. Non-normally distributed
continuous variables were analyzed using non-parametric tests.
Spearman’s correlation test was applied for data with non-
normal distribution. Laboratory data from different hospitals
were normalized according to their distribution as mentioned
earlier. Principal component analysis (PCA) was performed with
the R Statistic program version 4.0.2.

The multivariate logistic regression was used to assess
the independent associations between serum immunoglobulins
levels and the presence of complicated disease and isolated
ileal disease. The serum immunoglobulins levels were also
categorized into quartiles to determine the shapes of relationship.
These confounders in the models were selected according to
their relationship with dependent variables or a change in the
effect estimate of more than 10%. Tests for linear trend were
conducted by entering the median values of each category as a
continuous variable. P-values of <0.05 indicated a statistically
significant difference.

RESULTS

Patient Characteristics

The baseline characteristics of participants are shown in Table 1.
Among the total of 608 patients, 68.4% were male and the median
age of the included patients was 30.5 years (IQR 25-39 years).
Isolated ileal disease was observed in 42.3% of participants.
Complicated disease was observed in 60.4% of participants. The
PCA analysis for data collected from different centers revealed
there was no obvious separation from our centers to other centers
(Supplementary Figure 1).

Demographic and Clinical Data of Patients
in Accordance With the Serum

Immunoglobulins Status

Elevated serum IgG, IgA, IgM, and IgG4 were found in 24.5,
17.4, 2.1, and 8.2% of participants, respectively. The univariate
analysis was not performed for IgM because only 13 of 608
patients had elevated serum IgM levels. The univariate analysis
of demographic and phenotypic characteristics associated with
elevated serum IgG, IgA, and IgG4 are listed in Table 2. Elevated
serum IgG was related to gender (P = 0.015), age (P = 0.011),
disease duration (P = 0.033), history of appendectomy (P =
0.011), surgical history (P = 0.001), disease location (P <
0.001), and disease activity (P = 0.004). Elevated serum IgA was
significantly related to age (P = 0.009), age at diagnosis (P =
0.026), disease location (P = 0.003), disease behavior (P = 0.007),
and disease activity (P < 0.001). Elevated serum IgG4 was related
to age (P < 0.001), age at diagnosis (P < 0.001), disease duration
(P < 0.001), and complicated disease (P = 0.006).

TABLE 1 | Baseline characteristics of the study population.

All patients (n = 608)

Age, y, median (IQR) 30.5 (25-39)
Age at diagnosis, y, median (IQR) 29 (23-37)

Male, n (%) 416 (68.4%)
Disease duration (y), n (%)

<1 179 (29.4%)
1-6 228 (37.5%)
5-10 138 (22.7%)
>10 63 (10.4%)
Disease location, n (%)

L1+ L4 257 (42.3%)
L2414 50 (8.2%)

L3+ 14 301 (49.5%)

Disease behavior, n (%)
B1: Inflammatory
B2: Stricturing

241 (39.64%)
265 (43.58%)

B3: Penetrating 47 (7.73%)
B2B3: Stricturing + Penetrating 55 (9.05%)
Perianal disease, n (%) 328 (53.9%)
Complicated disease, n (%) 367 (60.4%)
Appendectomy, n (%) 51 (8.4%)
Perianal operation, n (%) 178 (29.3%)
Surgical history, n (%) 100 (16.4%)
Treatment naive patients 192 (31.6%)
Active/remission 537/71

Y, years; IQR, interquartile range.

Independent Association of Serum IgG4

Levels With Complicated Disease

The levels of serum IgG and IgG4 were significantly reduced in
CD patients with complicated disease compared with CD patients
with inflammatory phenotype (Figures 1A,D). However, there
was no difference in serum IgA and IgM levels in CD patients
with and without complicated disease (Figures 1B,C). Univariate
analysis revealed that elevated serum IgG4 was inversely related
to complicated disease (OR: 0.44, 95% CI: 0.25-0.8) (Table 3).
Multiple logistic regression was employed to further evaluate the
association of serum IgG4 with complicated disease. When serum
IgG4 levels were assessed as quartiles, a significantly increased
probability of complicated disease was found in patients in
quartile 3 (OR: 1.82, 95% CI: 1.11-2.98) and quartiles 1-2 (OR:
1.86, 95% CI: 1.2-2.88) compared with those in quartile 4. For
a per-standard deviation (SD) increase in serum IgG4 levels,
the OR for complicated disease was 0.74 (0.62-0.89) in the final
multivariable model (Table 3).

Independent Association of Serum IgG and
IgM Levels With Isolated lleal Disease

In accordance with the results of univariate analysis in Table 2,
the levels of serum IgG were significantly reduced in CD patients
with isolated ileal disease (Figure 1E). Similar tendencies were
also observed for IgA and IgM (Figures 1E,G). However, there
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TABLE 2 | Demographic and phenotypic characteristics of cases according to serum total IgG, IgA, and IgG4 status.

Elevated IgG  Normal IgG P Elevated IgA Normal IgA P Elevated IgG4  Normal IgG4 P
(n =149) (n = 459) (n =106) (n =502) (n =50) (n = 558)

Male 90 (60.4%) 326 (71%) 0.015 66 (62.3%) 350 (69.7%) 0.13 36 (72%) 380 (68.1%) 0.57
Age, Median (IQR) 29 (22-38) 31 (25-39) 0.011 28 (24-34.25) 31 (25-40) 0.009 24 (19-32.25) 31 (25-39) <0.001
Age at diagnosis, Median (IQR) 27 (21-36) 29 (23-37) 0.067 27 (22-32) 29 (23-38) 0.026 23 (19-31.25) 29 (23-37) <0.001
Disease duration, Median (IQR) 2 (0.75-6) 3.3(1-7) 0.033 3(0.96-7) 3(1-7) 0.24 1(0.5-9) 3.5 (1-7) <0.001
Appendectomy 5 (3.4%) 46 (10%) 0.011 12 (11.3%) 39 (7.8%) 0.23 1(2%) 50 (9%) 0.15
Perianal operation 42 (28.2%) 136 (29.6%) 0.74 26 (24.5%) 152 (30.3%) 0.24 16 (32%) 162 (29%) 0.66
Surgical history 12 (8.1%) 88 (19.2%) 0.001 15 (14.2%) 85 (16.9%) 0.48 4 (8%) 96 (17.2%) 0.09
Disease Location <0.001 0.003 0.54

L1+L4 31 (20.8%) 226 (49.24%) 30 (28.3%) 227 (45.2%) 24 (48%) 233 (41.76%)

L2 +14 20 (13.4%) 30 (6.53%) 14 (13.2%) 36 (7.2%) 5 (10%) 45 (8.06%)

L3+ L4 98 (65.8%) 203 (44.23%) 62 (58.5%) 239 (47.6%) 21 (42%) 280 (50.18%)
Isolated ileal disease 31 (20.8%) 226 (49.2%)  <0.001 30 (28.3%) 227 (45.2%) 0.001 24 (48%) 233 (41.8%) 0.39
Disease behavior 0.068 0.007 0.049

B1: Inflammatory 69 (46.3%) 172 (37.5%) 39 (36.8%) 202 (40.2%) 29 (58%) 212 (38%)

B2: Stricturing 51 (34.2%) 214 (46.6%) 38 (35.8%) 227 (45.2%) 14 (28%) 251 (45%)

B3: Penetrating 14 (9.4%) 33 (7.2%) 11 (10.4%) 36 (7.2%) 3 (6%) 44 (7.9%)

B2 B3: Stricturing 15 (10.1%) 40 (8.7%) 18 (17%) 37 (7.4%) 4 (8%) 51 (9.1%)

and penetrating
Complicated disease 80 (53.7%) 287 (62.5%) 0.055 67 (63.2%) 300 (59.8%) 0.51 21 (42%) 346 (62%) 0.006
Perianal disease 89 (59.7%) 239 (52.1%) 0.108 64 (60.4%) 264 (52.6%) 0.14 29 (58%) 299 (53.6%) 0.55
Disease activity? 0.004 <0.001 0.99

aComparison of disease activity was performed using Rank-sum test.

TABLE 3 | Association of serum IgG4 levels with complicated disease.

Crude Model 12 Model 2°
Elevated serum IgGé4 0.44 (0.25-0.8) 0.49 (0.27-0.89) 0.49 (0.26-0.92)
Quartile 1 and quartie 2 1.92 (1.29-2.85) 1.82 (1.21-2.74) 1.86 (1.2-2.88)

of serum IgG4

Quartile 3 of serum IgG4  1.66 (1.05-2.63) 1.59 (1.002-2.52) 1.82 (1.11-2.98)

Quartile 4 of serum IgG4 Reference Reference Reference
P for trend 0.001 0.004 0.005
Per-SD increase 0.72 (0.61-0.86) 0.74 (0.62-0.88) 0.74 (0.62-0.89)

Data are odds ratio (95% confidence interval).

aAdjusted for gender and age.

bAdjusted for gender, age, disease duration, history of appendectomy and intestinal
surgery, disease location, and disease activity.

was no difference in serum IgG4 levels in CD patients with
and without isolated ileal disease (Figure 1H). Furthermore,
the crude and adjusted associations of serum IgG and IgM
with isolated ileal disease were analyzed by multivariate logistic
regression and are presented in Tables 4, 5, respectively. Elevated
serum IgG was negatively related to isolated ileal disease (OR:
0.37, 95% CI: 0.23-0.61). The OR of isolated ileal disease was
1 (95% CI: 0.61-1.63) for quartile 2, 0.55 (95% CI: 0.33-0.92)
for quartile 3 and 0.3 (0.165-0.53) for quartile 4 compared with
quartile 1 in the final multivariate model (P for trend < 0.001).
An SD increase in serum IgG levels was associated with a 45%
reduction in the adjusted probability of isolated ileal disease.

Besides, the adjusted ORs between decreasing quartiles of serum
IgM levels and the presence of isolated ileal disease were as
follows: 1, 1.17 (0.69-1.98), 1.92 (1.14-3.24), and 1.82 (1.07-3.1)
(P for trend = 0.008). An SD increase in serum IgM levels was
related to isolated ileal disease with an adjusted OR of 0.74 (95%
CI: 0.6-0.91). In all, serum IgG and IgM levels had a negative
correlation with isolated ileal disease.

Correlation of Serum IgA and IgG Levels
With Disease Activity

Further, the serum immunoglobulins levels in CD patients
with different disease activities were compared. The serum IgG
levels were significantly lower in CD patients in remission
and patients with mild disease compared with patients with
severe disease (P < 0.05) (Figure 2A). The serum IgA levels
were significantly decreased in CD patients in remission and
patients with mild-to-moderate disease compared with patients
with severe disease (P < 0.05) (Figure 2B). The correlation
analysis revealed that serum IgG and IgA levels positively
correlated with CRP and ESR levels, and PLT count, but
negatively correlated with prealbumin levels (P < 0.001)
(Figure 2C).

DISCUSSION

This study evaluated the associations between serum
immunoglobulins levels and complicated disease phenotype,
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serum 1gG4 (D) in CD patients with complicated disease. The levels of serum IgG (E), IgA (F), IgM (G) and 1gG4 (H) in CD patients with isolated ileal disease. Bar
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isolated ileal disease, and disease activity of CD. The results  found to be negatively associated with isolated ileal disease. In
indicated that serum IgG4 levels inversely correlated with  addition, serum IgA and IgG levels correlated with the disease
complicated disease behavior. Serum IgG and IgM levels were  activity of patients with CD.

Frontiers in Medicine | www.frontiersin.org 5 April 2021 | Volume 8 | Article 621337


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Song et al.

Serum Immunoglobulins and CD Phenotypes

TABLE 4 | Association of serum IgG levels with isolated ileal disease.

Serum IgG Crude Model 12 Model 2°

Elevated serum IgG 027 (0.175-0.42) 0.29 (0.185-0.45) 0.37 (0.23-0.61)

Quartile 1 of serum IgG Reference Reference Reference
Quartile 2 of serum IgG  0.83 (0.53-1.31)  0.835(0.53-1.32) 1 (0.61-1.63)
Quartile 3 of serum IgG  0.44 (0.28-0.7)  0.46 (0.29-0.74) 0.55 (0.33-0.92)
Quartile 4 of serum IgG 0.2 (0.12-0.33)  0.21 (0.13-0.355) 0.3 (0.165-0.53)
P for trend <0.001 <0.001 <0.001
Per-SD increase 0.485 (0.4-0.59)  0.5(0.41-0.61)  0.55 (0.43-0.7)

Data are odds ratio (95% confidence interval).

aAdjusted for gender, age at diagnosis.

bAdjusted for gender, age at diagnosis, history of appendectomy and intestinal surgery,
serum IgA, and IgM, perianal disease, complicated disease, and disease activity.

TABLE 5 | Association of serum IgM levels with isolated ileal disease.

Serum IgM Crude Model 12 Model 2°

Quartile 1 of serum IgM  2.97 (1.845-4.78) 2.5 (1.525-4.1)
Quartile 2 of serum IgM  2.47 (1.535-3.97) 2.145 (1.32-3.49)

1.82 (1.07-3.1)
1.92 (1.14-3.24)

Quartile 3 of serum IgM ~ 1.52 (0.94-2.46) 1.4 (0.85-2.28) 1.17 (0.69-1.98)
Quartile 4 of serum IgM Reference Reference Reference

P for trend <0.001 <0.001 0.008
Per-SD increase 0.62 (0.51-0.75) 0.67 (0.55-0.815) 0.74 (0.6-0.91)

Data are odds ratio (95% confidence interval).

aAdjusted for gender, age at diagnosis.

bAdjusted for gender, age at diagnosis, history of appendectomy and intestinal surgery,
serum IgA and I9G, perianal disease, complicated disease, and disease activity.

The clinical implications of abnormal serum IgG4 levels
in IBD patients has been explored with inconsistent results.
A recent study conducted in United States has revealed that
IBD patients with low serum IgG4 levels were more likely to
experience complicated disease progress such as increased rates
of CD-related surgeries and IBD-related hospitalizations as well
as increased requirement for biologics, systemic steroids, and
antibiotics (27). However, another study conducted in China
revealed that elevated serum or mucosal IgG4 levels were
associated with more extensive disease in patients with IBD (17).
In our study, a negative association between elevated serum I1gG4
levels and the presence of complicated disease was observed.
Reduced interleukin (IL)-10 production in complicated disease
may be responsible for low serum IgG4 levels in complicated
disease. The IL-10 production of whole blood cell cultures
was significantly reduced in CD patients with stricturing
and penetrating phenotype compared with CD patients with
inflammatory phenotype (28). Furthermore, IL-10 has been
found to enhance 1gG4 production by IL-4-stimulated peripheral
blood mononuclear cells and was suggested to potentiate both
IgG4 switching and growth of IgG4-secreting B cells (29, 30).
However, further mechanistic studies are needed to account for
this phenomenon.

The present study also found that serum IgG levels negatively
correlated with isolated ileal involvement. Signatures of gut
microbiota in CD patients with ileal disease were distinct from

those in CD patients with colonic and ileocolonic disease.
CD patients with isolated ileal disease had stronger microbial
dysbiosis (31), which may be an important mechanism to induce
the reduced serum IgG levels. Substantial studies have revealed
that microbiota and microbial products indeed regulate serum
IgG levels, although the precise mechanism is unclear yet. Serum
IgG levels were significantly reduced in germ-free mice compared
with conventional mice (32). Under homeostatic conditions, a
selective subset of gram-negative symbiotic bacteria possesses
the ability to disseminate systemically to induce systemic IgG
responses, which is dependent on T cells and Toll-like receptor
4 on B cells. And one possible mechanism is that symbiotic
bacteria possess additional virulent factors that help them to
enter the bloodstream and thereby activate systemic immune
response (33). In addition, probiotics supplementation including
Bifidobacterium bifidum, Lactobacillus frumenti, and Bacillus
subtilis can increase serum IgG levels in hosts such as infants,
piglets and rabbits, respectively (34-36). Furthermore, short-
chain fatty acids, products of the fermentation of dietary
fibers by intestinal microbiota, can augment systemic IgG
responses through regulating gene expression for plasma B cell
differentiation and increasing cellular metabolism as well as
boosting glycolytic activity in B cells (37). However, further
investigations are required to explain the exact mechanism
underlying the association between serum IgG levels and isolated
ileal involvement.

The clinical implications of abnormal serum IgG in different
clinical settings are inconsistent. Low serum IgG has been
reported to be associated with poor outcomes in patients
with sepsis and septic shock (38) as well as patients with
immunoglobulin A nephropathy (10). However, elevated serum
IgG may predict poor prognosis in patients with SLE-ATH (11)
and in patients with HBV-ACLF (12). Our cross-sectional study
suggested CD patients with isolated ileal disease had lower
serum IgG levels. Whether there is a potential link to the study
conducted in United States that showing IBD patients with low
serum IgG/G1 levels required more small bowel resections (15)
remains to be further explored. In addition, more longitudinal
studies exploring the clinical significance of abnormal serum IgG
levels in patients with IBD are warranted.

IgM has been found to be an anti-inflammatory factor and
elevated IgM levels indicated a better immune status (39).
It has been reported that reduced plasma IgM levels at the
onset of sepsis predicted decreased sepsis survival (40). In
our cohort, CD patients with isolated ileal involvement were
more likely to have low serum IgM levels. Similar to serum
IgG, increasing evidence suggests that serum IgM levels can
also be influenced by microbiota. Lysozyme supplementation
could alter the composition of gut microbiota and increase
serum IgM levels in sows, and correlation coefficients revealed
that Ruminiclostridium 9 significantly positively correlated with
serum IgM levels (39). Additionally, a positive relationship
between serum IgM levels and Bacteroidetes/Firmicutes ratio
has been reported in healthy middle-aged people (41). Besides,
a positive correlation was also found between total IgM level
and the abundance of Synergistetes in patients with SLE (42).
Furthermore, reduced serum IgM level correlated with the HLA-
DRB1*03 allelic variant among patients with SLE and controls
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FIGURE 2 | Serum IgG and IgA levels correlated with disease activity. Serum IgG (A) and IgA (B) values were significantly increased in severely active Crohn’s disease,
The spearman coefficient of correlation between serum IgG and IgA and several markers of disease activity (C). The symbols represent values in individual patients.
Values are shown as mean + SD. *P < 0.05, **P <0.01, **P < 0.001. CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PLT, platelet count.

(43). These findings suggested that IgM levels might be partially
influenced by gut microbiota and genetic factors. As to IBD,
HLA*DRB1*04 and DQB1%04 were linked to only small intestine
involvement in patients with CD (44). HLA DRB1*0103 was
suggested to be associated with colonic disease in IBD (45). Thus,
in our study, we speculate that the variation in serum IgM levels
in different location phenotypes might be partially due to the
alteration of gut microbiota or heredity.

The correlation analysis in our study revealed that serum IgA
and IgG levels significantly correlated with CRP, ESR, PLT count
and prealbumin level, consistent with a study reporting that
serum IgA levels had a positive correlation with several markers
of disease activity in CD patients (13). However, another study
reported that serum IgG and IgA levels were not associated with
disease activity of CD and UC, but serum IgG and IgA levels were
significantly increased in patients with pouchitis and cuffitis (46).
Previous studies have demonstrated that IgA and IgG coating
could identify pathogenic bacteria in IBD (47, 48). Furthermore,
the levels of fecal soluble IgA and IgG were positively associated
with disease activity in patients with IBD, and the correlation
between soluble IgA or IgG in feces and CRP or ESR was stronger
than our results (49), probably due to the difference in the type of
sample analyzed. In clinical practice, IgG and IgA levels in feces
are probably superior to those in serum for identifying the degree
of disease activity in CD patients due to its non-invasive nature
and stronger correlation.

This study has several limitations. It was cross-sectional in
design. Repeated measurements and longitudinal observation

of serum immunoglobulins are required to evaluate alteration
of serum immunoglobulins levels along with change in disease
phenotypes of CD. On the other hand, despite adjustments
for some potential confounding factors, the possibility that
other factors not included in the study might influence the
results could not be ruled out. Smoking, alcohol consumption,
and common metabolic abnormalities have been found to
be related to serum levels of immunoglobulins in an adult
population (50). However, these factors were not included in the
present study. In addition, healthy controls were not recruited
in this study. Although serum immunoglobulins levels in the
background population could not be provided, the results of
this study were compared with those of other studies and few
differences were observed. Elevated serum IgG was identified
in 24.5% of participants in the present cohort, which was
comparable with a study that found 23% of pediatric CD
patients had elevated serum IgG levels (16). Furthermore, 8.2%
of patients in the present study had increased serum IgG4
levels, which was higher than the 6.34% reported in four kinds
of autoimmune diseases, including primary Sjogren syndrome,
systemic sclerosis, SLE, and primary biliary cirrhosis (9) and
lower than the 9.9% reported in IBD patients in Sichuan,
China (17). Finally, the normal reference ranges of serum
immunoglobulins, as well as other laboratory tests such as
CRP, ESR, PLT, and prealbumin from different centers were
not consistent. Although these data were normalized before
quantitative and correlation analyses, the application of a central
laboratory was more perfect.

Frontiers in Medicine | www.frontiersin.org

April 2021 | Volume 8 | Article 621337


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Song et al.

Serum Immunoglobulins and CD Phenotypes

More prospective longitudinal studies are required to reveal
whether the abnormal serum immunoglobulins participate in
the disease progress of different phenotypes of CD or just
are the consequence of disease development. It has been
reported that CD patients with different location phenotypes
have different natural history and should be regarded as separate
groups. It would be worth exploring whether CD patients
with abnormal serum immunoglobulins levels showing unique
clinical trajectory. Furthermore, the studies involving the clinical
implications of the abnormal serum IgG4 levels in patients with
IBD from different races showed different results (17, 27). Thus,
whether the results from a region can be transferred to another
region is worthy of future research. Collectively, identifying the
causality between serum immunoglobulins levels and specific
disease phenotypes of CD and the underlying mechanisms may
contribute to risk stratification and personalized prevention for
patients with CD.

CONCLUSION

In summary, the present study provided a novel insight into
the associations of serum immunoglobulins with different
phenotypes of CD. Our findings suggested that CD patients
with complicated disease phenotype are more likely to have
reduced serum IgG4 levels and CD patients with isolated ileal
disease are more likely to have low serum IgG and IgM levels.
In addition, serum IgA and IgG levels positively correlated
with disease activity in patients with CD. Further studies are
required to elucidate the pathogenic mechanism linking serum
immunoglobulins levels with different phenotypes of CD.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Ng SC, Tang W, Ching JY, Wong M, Chow CM, Hui AJ, et al. Incidence
and phenotype of inflammatory bowel disease based on results from the
Asia-pacific Crohn’s and colitis epidemiology study. Gastroenterology. (2013)
145:158-65.€2. doi: 10.1053/j.gastro.2013.04.007

2. Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, Chernoft G, et al.
Increasing incidence and prevalence of the inflammatory bowel diseases
with time, based on systematic review. Gastroenterology. (2012) 142:46-
54.e42. doi: 10.1053/j.gastro.2011.10.001

3. Xavier R], Podolsky DK. Unravelling the pathogenesis of inflammatory bowel
disease. Nature. (2007) 448:427-34. doi: 10.1038/nature06005

4. Mitsialis V, Wall S, Liu P, Ordovas-Montanes J, Parmet T, Vukovic M, et al.
Single-cell analyses of colon and blood reveal distinct immune cell signatures
of ulcerative colitis and Crohn’s disease. Gastroenterology. (2020) 159:591-
608.e10. doi: 10.1053/j.gastro.2020.04.074

5. Castro-Dopico T, Colombel JE Mehandru S. Targeting B cells for
inflammatory bowel disease treatment: back to the future. Curr Opin
Pharmacol. (2020) 55:90-8. doi: 10.1016/j.coph.2020.10.002

6. Vidarsson G, Dekkers G, Rispens T. IgG subclasses and allotypes:
from structure to effector functions. Front Immunol. (2014)
5:520. doi: 10.3389/fimmu.2014.00520

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Medical Ethics Committee of Renji Hospital,
School of Medicine, Shanghai Jiao Tong University. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

DS: data collection, statistical analysis,
drafting. JS: study design and critical revision of the
manuscript. MC, ZL, QC, PH, XG, JQ, and KW:
data collection and review of the article. LL: data
collection and statistical analysis. ZR: study design, data
interpretation and critical revision of the manuscript.
All authors contributed to the article and approved the
submitted version.

and manuscript

FUNDING

This work was supported by the National Natural Science
Foundation of China (Grant No. 81670497, 81770545) and
MDT Project of Clinical Research Innovation Foundation,
Renji Hospital, School of Medicine, Shanghai Jiao Tong
University (PYI-17-003).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2021.621337/full#supplementary-material

Supplementary Figure 1 | Principal components analysis (PCA) plot of clinical
data based on centers.

7. Taguchi M, Kihara Y, Nagashio Y, Yamamoto M, Otsuki M,
Harada M. Decreased production of immunoglobulin M and
A in autoimmune pancreatitis. | Gastroenterol. (2009) 44:1133-

9. doi: 10.1007/500535-009-0106-y

8. Liu Y, Li J. Preferentially immunoglobulin (IgG) subclasses production in
primary Sjogren’s syndrome patients. Clin Chem Lab Med. (2011) 50:345-
9. doi: 10.1515/cclm.2011.771

9. Zhang H, Li P, Wu D, Xu D, Hou Y, Wang Q, et al. Serum
IgG  subclasses in  autoimmune  diseases.  Medicine.  (2015)
94:¢387. doi: 10.1097/MD.0000000000000387

10. Liu D, You J, Liu Y, Tang X, Tan X, Xia M, et al. Serum immunoglobulin
G provides early risk prediction in immunoglobulin A nephropathy.
Int  Immunopharmacol. (2019) 66:13-8. doi: 10.1016/j.intimp.2018.
10.044

11. Lim DH, Kim YG, Lee D, Min Ahn S, Hong S, Lee CK, et al
Immunoglobulin G levels as a prognostic factor for autoimmune hepatitis
combined with systemic lupus erythematosus. Arthr Care Res. (2016) 68:995-
1002. doi: 10.1002/acr.22800

12. Zhang GL, Zhao QY. Elevated serum IgG levels positively correlated with
IL-27 may indicate poor outcome in patients with HBV-related acute-on-
chronic liver failure. J Immunol Res. (2019) 2019:1538439. doi: 10.1155/2019/
1538439

Frontiers in Medicine | www.frontiersin.org

April 2021 | Volume 8 | Article 621337


https://www.frontiersin.org/articles/10.3389/fmed.2021.621337/full#supplementary-material
https://doi.org/10.1053/j.gastro.2013.04.007
https://doi.org/10.1053/j.gastro.2011.10.001
https://doi.org/10.1038/nature06005
https://doi.org/10.1053/j.gastro.2020.04.074
https://doi.org/10.1016/j.coph.2020.10.002
https://doi.org/10.3389/fimmu.2014.00520
https://doi.org/10.1007/s00535-009-0106-y
https://doi.org/10.1515/cclm.2011.771
https://doi.org/10.1097/MD.0000000000000387
https://doi.org/10.1016/j.intimp.2018.10.044
https://doi.org/10.1002/acr.22800
https://doi.org/10.1155/2019/1538439
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Song et al.

Serum Immunoglobulins and CD Phenotypes

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Gouni-Berthold I, Baumeister B, Berthold HK, Schmidt C. Immunoglobulins
and IgG subclasses in patients with inflammatory bowel disease.
Hepatogastroenterology. (1999) 46:1720-3.

Philipsen EK, Bondesen S, Andersen ], Larsen S. Serum immunoglobulin
G subclasses in patients with ulcerative colitis and Crohn’s
disease of different disease activities. Scand ] Gastroenterol. (2009)
30:50-3. doi: 10.3109/00365529509093235

Horton N, Wu X, Philpott J, Garber A, Achkar JP, Brzezinski A,
et al. Impact of low immunoglobulin G levels on disease outcomes in
patients with inflammatory bowel diseases. Digest Dis Sci. (2016) 61:3270-
7. doi: 10.1007/s10620-016-4294-z

Matar M, Rinawi E Shamir R, Assa A. Hypergammaglobulinemia is a marker
of extraintestinal manifestations in pediatric inflammatory bowel disease.
Turkish ] Gastroenterol. (2017) 28:131-4. doi: 10.5152/tjg.2017.16562

Wang Z, Zhu M, Luo C, Zhen Y, Mu ], Zhang W, et al. High level of IgG4 as
a biomarker for a new subset of inflammatory bowel disease. Sci Rep. (2018)
8:10018. doi: 10.1038/s41598-018-28397-8

Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal
classification of inflammatory bowel disease: controversies, consensus,
and implications. Gut. (2006) 55:749-53. doi: 10.1136/gut.2005.
082909

Assa A, Rinawi F Shamir R. The long-term predictive properties
of the Paris classification in paediatric inflammatory bowel disease
patients. ] Crohns Colitis. (2018) 12:39-47. doi: 10.1093/ecco-jcc/
jix125

Charpentier C, Salleron J, Savoye G, Fumery M, Merle V, Laberenne J-E, et al.
Natural history of elderly-onset inflammatory bowel disease: a population-
based cohort study. Gut. (2014) 63:423-32. doi: 10.1136/gutjnl-2012-
303864

Gomolléon F Dignass A, Annese V, Tilg H, Van Assche G, Lindsay
JO, et al. 3rd European evidence-based consensus on the diagnosis and
management of Crohn’s disease 2016: part 1: diagnosis and medical
management. | Crohns Colitis. (2017) 11:3-25. doi: 10.1093/ecco-jcc/
jiwles

Kugathasan S, Denson LA, Walters TD, Kim MO, Marigorta UM, Schirmer M,
et al. Prediction of complicated disease course for children newly diagnosed
with Crohn’s disease: a multicentre inception cohort study. Lancet. (2017)
389:1710-8. doi: 10.1016/S0140-6736(17)30317-3

Best WR. Predicting the Crohn’s disease activity index
the Harvey-Bradshaw index. Inflamm Bowel Dis. (2006)
10. doi: 10.1097/01.MIB.0000215091.77492.2a

Chuang-Stein C. Summarizing laboratory data with different reference
ranges in multi-center clinical trials. Drug Inform J. (1992) 26:77-
84. doi: 10.1177/009286159202600108

Karvanen J. The statistical basis of laboratory data normalization. Drug Inform
J. (2003) 37:101-7. doi: 10.1177/009286150303700112

Wynden RA, Hudson DL. Lab norm: automated clinical lab data
normalization. In: SEDE 2010 (Software Engineering & Data Engineering),
19th International Conference (2010). p. 1-6. Available online at: https://
escholarship.org/uc/item/62r2m5;j2

Koutroumpakis F Phillips AE, Yadav D, Machicado JD, Ahsan M, Ramos
Rivers C, et al. Serum IgG4 subclass deficiency defines a distinct, commonly
encountered, severe inflammatory bowel disease subtype. Inflam Bowel Dis.
(2020). doi: 10.1093/ibd/izaa230. [Epub ahead of print].

Correa I, Veny M, Esteller M, Pique JM, Yague J, Panes ], et al. Defective IL-10
production in severe phenotypes of Crohn’s disease. ] Leukocyte Biol. (2009)
85:896-903. doi: 10.1189/j1b.1108698

Jeannin P, Lecoanet S, Delneste Y, Gauchat JE Bonnefoy JY. IgE versus
IgG4 production can be differentially regulated by IL-10. J Immunol.
(1998) 160:3555-61.

Lighaam LC, Rispens T. The immunobiology of immunoglobulin
G4. Semin Liver Dis. (2016) 36:200-15. doi: 10.1055/s-0036-
1584322

Naftali T, Reshef L, Kovacs A, Porat R, Amir I, Konikoff FM, et al. Distinct
microbiotas are associated with ileum-restricted and colon-involving Crohn’s
disease. Inflam Bowel Dis. (2016) 22:293-302. doi: 10.1097/MIB.0000000000
000662

from
12:304-

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Guo Y, Yang X, Qi Y, Wen S, Liu Y, Tang S, et al. Long-term use of ceftriaxone
sodium induced changes in gut microbiota and immune system. Sci Rep.
(2017) 7:43035. doi: 10.1038/srep43035

Zeng MY, Cisalpino D, Varadarajan S, Hellman J, Warren HS, Cascalho
M, et al. Gut microbiota-induced immunoglobulin G controls systemic
infection by symbiotic bacteria and pathogens. Immunity. (2016) 44:647-
58. doi: 10.1016/j.immuni.2016.02.006

Tanaka K, Tsukahara T, Yanagi T, Nakahara S, Furukawa O, Tsutsui H, et al.
Bifidobacterium bifidum OLB6378 simultaneously enhances systemic and
mucosal humoral immunity in low birth weight infants: a non-randomized
study. Nutrients. (2017) 9:195. doi: 10.3390/nu9030195

Hu J, Chen L, Zheng W, Shi M, Liu L, Xie C, et al. Lactobacillus
frumenti facilitates intestinal epithelial barrier function maintenance in
early-weaned piglets. Front Microbiol. (2018) 9:897. doi: 10.3389/fmicb.2018.
00897

Guo M, Wu F Hao G, Qi Q, Li R, Li N, et al. Bacillus
subtilis  improves immunity and disease resistance in rabbits.
Front Immunol. (2017) 8:354. doi: 10.3389/fimmu.2017.
00354

Kim M, Qie Y, Park J, Kim CH. Gut microbial metabolites fuel host antibody
responses. Cell Host Microbe. (2016) 20:202-14. doi: 10.1016/j.chom.2016.
07.001

Akatsuka M, Tatsumi H, Sonoda T, Masuda Y. Low immunoglobulin G level
is associated with poor outcomes in patients with sepsis and septic shock.
] Microbiol Immunol Infect. (2020). doi: 10.1016/j.jmii.2020.08.013. [Epub
ahead of print].

Zhou J, Xiong X, Yin J, Zou L, Wang K, Shao Y, et al. Dietary lysozyme
alters Sow’s gut microbiota, serum immunity and milk metabolite
profile.  Front Microbiol. (2019) 10:177. doi: 10.3389/fmicb.2019.
00177

Krautz C, Maier SL, Brunner M, Langheinrich M, Giamarellos-Bourboulis
EJ, Gogos C, et al. Reduced circulating B cells and plasma IgM levels are
associated with decreased survival in sepsis - A meta-analysis. ] Crit Care.
(2018) 45:71-5. doi: 10.1016/j.jcrc.2018.01.013

Shen X, Miao J, Wan Q, Wang S, Li M, Pu E et al. Possible
correlation between gut microbiota and immunity among healthy middle-
aged and elderly people in southwest China. Gut Pathogens. (2018)
10:4. doi: 10.1186/s13099-018-0231-3

Lopez P, de Paz B, Rodriguez-Carrio J, Hevia A, Sanchez B, Margolles
A, et al. Th17 responses and natural IgM antibodies are related to gut
microbiota composition in systemic lupus erythematosus patients. Sci Rep.
(2016) 6:24072. doi: 10.1038/srep24072

Gronwall C, Hardt U, Gustafsson JT, Elvin K, Jensen-Urstad K, Kvarnstrom
M, et al. Depressed serum IgM levels in SLE are restricted to defined
subgroups. Clin Immunol. (2017) 183:304-15. doi: 10.1016/j.clim.2017.
09.013

Kinouchi Y, Negoro K, Takagi S, Takahashi S, Shimosegawa T.
Genotype and phenotype relation in inflammatory bowel disease.

] Gastroenterol. (2005) 40 (Suppl. 16):21-4. doi: 10.1007/BF029
90574

Silverberg MS, Mirea L, Bull SB, Murphy JE, Steinhart AH,
Greenberg GR, et al. A population- and family-based study
of Canadian families reveals association of HLA DRBI1*0103
with colonic involvement in inflammatory bowel disease. Inflam

Bowel  Dis. 9:1-9. doi: 10.1097/00054725-200301000-
00001

Rai T, Wu X, Shen B. Frequency and risk factors of low immunoglobulin
levels in patients with inflammatory bowel disease. Gastroenterol Rep. (2015)
3:115-21. doi: 10.1093/gastro/gou082

Palm NW, de Zoete MR, Cullen TW, Barry NA, Stefanowski J, Hao L, et al.
Immunoglobulin A coating identifies colitogenic bacteria in inflammatory
bowel disease. Cell. (2014) 158:1000-10. doi: 10.1016/j.cell.2014.
08.006

Armstrong H, Alipour M, Valcheva R, Bording-Jorgensen M, Jovel J,
Zaidi D, et al. Host immunoglobulin G selectively identifies pathobionts
in pediatric inflammatory bowel Clin (2019)

7:1. doi: 10.1186/s40168-018-0604-3

(2003)

diseases. Proteom.

Frontiers in Medicine | www.frontiersin.org

April 2021 | Volume 8 | Article 621337


https://doi.org/10.3109/00365529509093235
https://doi.org/10.1007/s10620-016-4294-z
https://doi.org/10.5152/tjg.2017.16562
https://doi.org/10.1038/s41598-018-28397-8
https://doi.org/10.1136/gut.2005.082909
https://doi.org/10.1093/ecco-jcc/jjx125
https://doi.org/10.1136/gutjnl-2012-303864
https://doi.org/10.1093/ecco-jcc/jjw168
https://doi.org/10.1016/S0140-6736(17)30317-3
https://doi.org/10.1097/01.MIB.0000215091.77492.2a
https://doi.org/10.1177/009286159202600108
https://doi.org/10.1177/009286150303700112
https://escholarship.org/uc/item/62r2m5j2
https://escholarship.org/uc/item/62r2m5j2
https://doi.org/10.1093/ibd/izaa230
https://doi.org/10.1189/jlb.1108698
https://doi.org/10.1055/s-0036-1584322
https://doi.org/10.1097/MIB.0000000000000662
https://doi.org/10.1038/srep43035
https://doi.org/10.1016/j.immuni.2016.02.006
https://doi.org/10.3390/nu9030195
https://doi.org/10.3389/fmicb.2018.00897
https://doi.org/10.3389/fimmu.2017.00354
https://doi.org/10.1016/j.chom.2016.07.001
https://doi.org/10.1016/j.jmii.2020.08.013
https://doi.org/10.3389/fmicb.2019.00177
https://doi.org/10.1016/j.jcrc.2018.01.013
https://doi.org/10.1186/s13099-018-0231-3
https://doi.org/10.1038/srep24072
https://doi.org/10.1016/j.clim.2017.09.013
https://doi.org/10.1007/BF02990574
https://doi.org/10.1097/00054725-200301000-00001
https://doi.org/10.1093/gastro/gou082
https://doi.org/10.1016/j.cell.2014.08.006
https://doi.org/10.1186/s40168-018-0604-3
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Song et al.

Serum Immunoglobulins and CD Phenotypes

49.

50.

Lin R, Chen H, Shu W, Sun M, Fang L, Shi Y, et al. Clinical
significance of soluble immunoglobulins A and G and their
coated bacteria in feces of patients with inflammatory bowel
disease. J Trans Med. (2018) 16:359. doi: 10.1186/s12967-018-
1723-0

Gonzalez-Quintela A, Alende R, Gude F, Campos ], Rey ], Meijide
LM, et al. Serum levels of immunoglobulins (IgG, IgA, IgM) in
a general adult population and their relationship with alcohol
consumption, smoking and common metabolic abnormalities. Clin
Exp  Immunol. (2007) 151:42-50. doi: 10.1111/j.1365-2249.2007.
03545.x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Song, Shen, Chen, Liu, Cao, Hu, Gao, Qian, Wu, Lai and Ran.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Medicine | www.frontiersin.org

10

April 2021 | Volume 8 | Article 621337


https://doi.org/10.1186/s12967-018-1723-0
https://doi.org/10.1111/j.1365-2249.2007.03545.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Association of Serum Immunoglobulins Levels With Specific Disease Phenotypes of Crohn's Disease: A Multicenter Analysis in China
	Introduction
	Methods
	Patient Population
	Clinical Characteristics of CD Patients
	Analysis of the Levels of Serum IgG, IgA, IgM, and IgG4
	Statistical Analysis

	Results
	Patient Characteristics
	Demographic and Clinical Data of Patients in Accordance With the Serum Immunoglobulins Status
	Independent Association of Serum IgG4 Levels With Complicated Disease
	Independent Association of Serum IgG and IgM Levels With Isolated Ileal Disease
	Correlation of Serum IgA and IgG Levels With Disease Activity

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


