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BACKGROUND: Assessing the inflammation is important in the follow-up of paediatric patients with inflammatory bowel disease
(IBD). We aim to evaluate the value of B cell-activating factor (BAFF) in paediatric IBD as a potential biomarker for follow-up.
METHOD: We determined BAFF in serum and faeces and faecal calprotectin (CP) in 32 IBD children—16 Crohn'’s disease (CD) and
16 ulcerative colitis (UC). Twenty-six healthy children and 10 children with irritable bowel syndrome (IBS) were included as controls.
RESULTS: No differences were found in serum BAFF between IBD, IBS, and healthy group: 1037.35, 990.9 and 979.8 pg/ml,
respectively, all p > 0.05, but faecal BAFF was higher in the IBD group: 15.1, 8.5 and 8.2 pg/ml, respectively, p < 0.05, and higher in
the UC group (55.975 pg/ml) compared to the CD group (10.95 pg/ml), p = 0.015. Splitting the IBD group in relation to the CP level,
the serum BAFF had no significantly different values between the subgroups, but the faecal BAFF was significantly higher in the
>250 pg/g subgroup. Cut-off values of BAFF were calculated.

CONCLUSION: Faecal BAFF is a promising marker for monitoring the children with IBD, higher levels of BAFF being correlated with

high CP.
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IMPACT:

® Faecal BAFF is a promising marker in monitoring the children with IBD, higher levels of BAFF being correlated with high faecal

calprotectin.

® To our knowledge, this is the first paediatric study concerning BAFF evaluation in IBD.
® Faecal BAFF levels could be considered a potential non-invasive marker in monitoring IBD activity in paediatric population with

clinically mild or inactive disease.

INTRODUCTION

Intestinal inflammation is a main burden for the gut health. It is
encountered in the inflammatory bowel disease (IBD), but lower
degrees of inflammation are also detected in irritable bowel
syndrome (IBS).'?

IBD in children represents a concerning condition, since its
incidence is increasing throughout Europe. Several factors
contribute to the pathogenesis of IBD: personal and environ-
mental factors (diet, gut microbiota, lifestyle) acting from early
childhood to adulthood,* genetic factors (NOD2, IL23R and
ATG16L1 genes®) and an excessive immune response in predis-
posed individuals.®” As a consequence, a chronic inflammatory
response in the intestinal tract is triggered, leading to the release
of pro- and anti-inflammatory cytokines.'°

In children (as in adults), the IBD diagnosis is confirmed by
multiple investigation methods, including endoscopic techniques,
with serial biopsies. The procedures are difficult and not easily
accepted by children and caregivers compared to adults,
especially in the follow-up and in confirming the mucosal healing.
The efficiency of the treatment is currently monitored using a few
biological markers, such as faecal calprotectin (CP), C-reactive
protein (CRP) and faecal lactoferrin,"'™"3 but these tests are not

highly specific. For this reason, it is necessary to evaluate other
potential biomarkers.

One of the newly emerging biomarkers for intestinal inflamma-
tion is the B cell-activating factor (BAFF)."* BAFF was recognized as
an important factor for the survival and maturation of B cells."” It
belongs to the tumour necrosis factor superfamily, being
produced mainly by monocytes, macrophages, neutrophils and
dendritic cells.'®™'®

BAFF plays an important role in the development of auto-
immunitz/,19 being extensively studied in systemic lupus erythe-
matosus®® where belimumab, the first BAFF inhibitor biologic
drug, was approved. Dysregulated expression or function of BAFF
was demonstrated in rheumatoid arthritis,®' primary Sjogren’s
syndrome,®® malignancies,'® IgA nephropathy®® or asthmatic
patients.2*2¢

The potential role of BAFF in the pathogenesis of IBD seems to
be related to the BAFF ability to activate multiple immune
pathways: B cell differentiation and survival, T cell activation and
differentiation, proinflammatory cytokines (interleukin-6 (IL-6),
tumor necrosis factor-a (TNF a)) production and expression and
nuclear factor kappa-light-chain-enhancer of activated B cells
(NFKB) activation in epithelial cells and macrophages.?” Despite
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the few data published regarding the BAFF involvement in IBD
mucosal inflammation, in the opinion of Uzzan et al.,>” BAFF could
be a novel strategy in IBD.?” Zhang et al."' studied the utility of
BAFF as a potential biomarker for IBD in adults and reported that
the concentration of BAFF in serum and in faeces could
differentiate patients with active IBD from patients with IBS and
from healthy controls. Fu et al."* demonstrated a highly significant
correlation between faecal BAFF and endoscopic inflammation
severity in adult IBD patients.

To the best of our knowledge, no study was realized in
paediatric population.

Given the encouraging data from the studies on IBD in adults,
we assessed the value of the serum and faecal BAFF levels in the
IBD paediatric patients.

METHODS

Protocol

This is a prospective study carried out in two tertiary centres of
paediatrics. The study was carried out on IBD patients and two
control groups. The recruitment was performed in chronological
order and included cases that had been referred for follow-up
between October 2018 and April 2019.

Subjects

The inclusion criteria for the IBD group were: subjects between 3
and 18 years old with prior diagnosis of IBD (ulcerative colitis (UC)
or Crohn’s disease (CD)) using the standard clinical criteria,
serology, endoscopy, histology and abdominal imaging,?® with
clinical inactive disease. We used the paediatric ulcerative colitis
activity index (PUCAI?? and weighted paediatric Crohn'’s disease
activity index (WPCDAI)*® to establish the status of the clinical
inactive disease (WPCDAI < 12.5, PUCAI < 10).

Two groups served as control: one group with IBS and one
group of apparently healthy participants.

For the IBS group, the inclusion criteria were: age 3-18-year-old,
diagnosed with IBS diarrhoea/constipation/mixed form using
ROME IV criteria.*'

The control group included patients recorded in our Depart-
ment for Pathologies unrelated to gastrointestinal system and
without acute illnesses, recruited from ambulatory/outpatient
service during the periodic visits to the paediatrician.

We excluded patients not in the 3-18 year old interval range,
presenting with acute/chronic gastrointestinal symptoms (other
than IBD) or acute diseases (pneumonia, acute asthma exacerba-
tions, infectious diarrhoea, etc.), patients who did not provide a
stool sample and patients with no legal tutor at visit.

All subjects (IBD, IBS or control) underwent a thorough clinical
examination (age, sex, weight, height, body mass index, time of
diagnosis, symptoms at diagnosis, initiation of immunomodula-
tory/immunosuppressant/biologic therapy, possible complications
—strictures, fistulas, abscesses, surgery) and laboratory tests
(blood and faecal sample) all in the same day. All included
patients had endoscopic examination in the previous 12 months.
Ultrasonography was also performed.

Laboratory tests

Two blood samples were drawn from the antecubital vein on the
morning after the patient had fasted for 12 h. One sample was
used to determine the CRP level and erythrocyte sedimentation
rate (ESR). The other blood sample was centrifuged at 2000
rotations/min for 5 min and the serum was collected and stored at
—80°C in Eppendorf tubes until processed.

From the stool specimens, one sample was used to determine
the CP level (enzyme-linked immunosorbent assay (ELISA)) and
the other sample was stored at —80 °C until processed. Before
BAFF determination, the faeces were mixed with 0.9% saline
solution resulting in a final concentration of 200 mg/ml. The
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sample was vortexed for 10 min at 10,000 rotations/min and the
supernatants filtered.

BAFF concentration in faecal and serum samples was measured
using the ELISA kit (Quantikinine ELISA Human BAFF/BLyS/
TNFSF13B, Minneapolis MN) according to the manufacturer's
instructions. All samples were expressed in pg/ml, and the
quantification range of the assay was between 62.5 and 4000 pg/ml.

Statistical analysis

The distribution of continuous variables was tested using
Shapiro-Wilks test. Data were presented as mean and standard
deviation (SD) for normally distributed continuous variables,
median and interquartile range for non-normally distributed
continuous variables and absolute number and percent for
categorical variables. The Mann-Whitney U test was used for the
comparison of non-normally distributed continuous variables
between the groups. Receiver operating characteristic (ROC)
analysis was used to evaluate the diagnostic performances of
faecal BAFF and the areas under the ROC curve (AUC) were
calculated. The discriminant cut-off values were selected corre-
sponding to the highest sensitivity (Se) and specificity (Sp). A
p value less than 0.05 was considered statistically significant. The
Spearman correlation coefficient was calculated to evaluate the
correlations between continuous values. The statistical analysis
was performed using IMB SPSS Statistics v.23 and Microsoft Office
365 Excel.

Ethical issues

The study protocol was approved by the local Ethics Committee.
All the patients enrolled (diseases and control group) were minors
and a written informed consent was signed by their legal tutors.

RESULTS

In our study we recruited 38 patients with IBD (age 4-17 years), 10
patients with IBS (age 8-14 years) and 26 healthy children (age
3-17 years). Three patients with IBD were excluded due to the
impossibility to provide faecal samples. Finally, the IBD group
included 32 patients, 16 with UC and 16 with CD.

The demographics characteristics of the four groups and main
data about the disease as well as the medication used by the IBD
paediatric patients are presented in Table 1.

CRP and ESR values had no significant differences between
groups (all p > 0.05), but the CP level was higher in the IBD group
compared to control and IBS groups (all p<0.001). The serum
value of BAFF had no significant differences between the healthy
group and IBS or IBD groups (all p >0.05) but the faecal value of
BAFF was significantly higher in IBD patients (p <0.05) vs both
control groups. Moreover, the concentration of faecal BAFF was
significantly higher in UC compared with CD (p =0.015), IBS (p <
0.05) and the healthy group (p < 0.05). In CD, the concentration of
faecal BAFF had no significant differences compared to the
healthy group or IBS (all p > 0.05) (Table 2 and Figs. 1 and 2).

Depending on the CP values (<250 and >250 pg/g, according to
ESPGHAN revised Porto criteria for the diagnosis of IBD in children
and adolescents?’), we divided the IBD group in two subgroups
(23 and 9 patients). The serum level of BAFF had no significant
difference between the subgroups: 1047.0 (802.55-1182.6) vs
939.5 (622.8-1168.9), p > 0.05—but the faecal level of BAFF was
significantly higher in the >250 ug/g subgroup: 13.4 (9.1-38.35) vs
94.5 (15.7-111.0), p = 0.02. No statistically significant results were
obtained when the analysis was performed in relation to the IBD
category (UC or CD) (all p > 0.05) (Fig. 3).

The results of ROC curve analyses used to establish the cut-off
values of faecal level of BAFF in order to discriminate the patients
with IBD from other groups are listed in Table 3. The best AUC, Se
and Sp of faecal level of BAFF was obtained for UC vs Control
(0.858, 75% and 92.3%, respectively).
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Table 1. Demographic data of the study groups and therapy of the IBD group.

Healthy group (N = 26) IBS (N=10) IBD (N=32) CD (N=16) UC (N=16)
Sex (male) 15 (57.7) 5 (50) 17 (53.1) 11 (68.8) 6 (37.5)
Age (years) 744+28 125+35 13.31+£3.7 145+25 12.13+44
Disease duration (years) - 1.3 3.125 3.56 2.68
Clinical activity (wPCDAI or PUCAI) - - - 1.09+3.18 1.66 +2.98
Localization at diagnosis using endoscopy examination
Left sided - - 5 (15) 0 5(12.5)
Pancolitis - - 4 (12.5) 0 4 (25.0)
lleum - - 1(3.1) 1 (6.3) 0
Rectosigmoiditis - - 12 (37.5) 5(31.3) 7 (43.8)
lleocolonic - - 10 (31.2) 10 (62.5) 0
Medication
5-ASA - - 25 (78.1) 10 (62.5) 11 (87.5)
Steroids - - 5 (15.6) 3(18.8) 2 (12.5)
Azathioprine - - 12 (40.6) 9 (56.3) 3(18.8)
Methotrexate - - 2 (6.3) 2 (12.5) 0
Infliximab - - 1(3.1) 1 (6.3) 0
Data are presented as number (%) or as mean + standard deviation. /BD inflammatory bowel disease, CD Crohn’s disease, UC ulcerative colitis, IBS irritable
bowel syndrome, wPCDAI weighted paediatric Crohn’s disease activity index, PUCAI paediatric ulcerative colitis activity index.

Table 2. Results of the laboratory tests in the studied groups.
Control IBS IBD P value CD uc P value
BAFF_s (pg/ml) 979.8 990.9 1037.35 0.595 989.35 1052.9 (851.25-1324.05) 0.381
(544-1253) (550-1200) (791.6-1182.85) (761.1-1101.75)
BAFF_f (pg/ml) 8.2 (4.6-14.0) 8.5 (4.6-14.1) 15.1 (9.1-74.7) 0.001 10.95 (6.95-15.1) 55.975 (16.2-87.1) 0.015
Calprotectin (pg/g) 25 (10-35) 45 (15-50) 100.0 (50.0-249.0) 0.0842 50.0 (38.5-160.5) 150.0 (83.0-253.5) 0.174
0.001
CRP (mg/dl) 0.1 (0.1-0.1) 0.1 (0.1-0.1) 0.3 (0.2-0.3) 0.08 0.3 (0.3-0.3) 0.3 (0.2-0.35) 0.669
ESR (mm/h) 9 (2-10) 10 (2-12) 8.5 (4.0-14.5) 0.327 6 (2.5-20.5) 10.5 (6.0-14.5) 0.305

CRP C-reactive protein, ESR erythrocyte sedimentation rate.
2Comparison between Control and IBS.
PComparison between IBS and IBD and between Control and IBD.

Data are presented as median (IQR, interquartile rate). IBD inflammatory bowel disease, CD Crohn'’s disease, UC ulcerative colitis, IBS irritable bowel syndrome,

DISCUSSION

In this study we assessed the blood and faecal BAFF levels in
paediatric patients with IBD and compared them to the levels in
IBS and apparently healthy control group; the data were
correlated with the disease activity index and CP levels. We found
that the faecal BAFF concentrations in the IBD group were
significantly higher when compared to the control and IBS groups
and higher in patients with UC compared to CD patients. We
calculated the faecal BAFF cut-off values, useful in differentiating
the IBD patients from patients with IBS and healthy subjects. As
the faecal levels of BAFF was the highest in patients with
increased CP levels, we can consider faecal BAFF as a promising
marker in the evaluation of the remission status. The production of
inexpensive test kits would be a solution for monitoring IBD in
children.

Serum BAFF levels did not differentiate between IBD patients
and either of the control groups. These results could be explained
by the fact that faecal BAFF reflects better the intestinal
inflammation, compared to serum BAFF.

SPRINGERNATURE

To our knowledge, this is the first paediatric study regarding
BAFF in IBD; therefore, we cannot compare our results with other
paediatric studies.

Zhang et al."" demonstrated significant differences between the
faecal and the serum BAFF in adult IBD patients when compared
to IBS or healthy controls, suggesting its potential role in the
pathogenesis of IBD. They analysed 78 UC and 37 CD patients and
they found that in active disease, the BAFF values were
significantly higher compared to inactive disease, both in serum
and faeces. In order to differentiate the IBD patients from IBS and
healthy ones, they established the serum and faecal BAFF cut-off
values. Interestingly, these cut-off values confer higher sensitivity
and specificity to faecal BAFF compared to serum BAFF (84 and
96% vs 55 and 93%). We found no differences between serum
BAFF in our groups, but this is probably related to the absence of
patients with clinically active IBD enrolled. But, as Zhang et al.”’
found in adult patients with inactive disease, we observed higher
faecal BAFF level in the IBD group (especially in the UC group).
These findings could be relevant for monitoring the disease
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Box plots of faecal BAFF concentration. Box plots of faecal BAFF concentration in the whole group with inflammatory bowel disease

(IBD) and distinctly on Crohn’s disease (CD) and ulcerative colitis (UC) groups compared with the control group.
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Fig. 2 Box plots of serum BAFF. Box plots of serum BAFF concentration in the whole group with inflammatory bowel disease (IBD) and
distinctly on Crohn’s disease (CD) and ulcerative colitis (UC) groups compared with the control group.

activity, as it appears that the BAFF levels return to values similar
to healthy subjects more rapidly in the serum and persist longer in
faeces. Strong correlations between BAFF, disease activity and
proinflammatory cytokine (TNF alfa, IL1f) were found, suggesting
the role of BAFF in IBD pathogenesis."’ Our study complements
the data obtained in adults with inactive disease. As the level of

Pediatric Research (2021) 89:1798 - 1803

faecal BAFF was increased in both adults'' and children with
inactive disease, it could be speculated that BAFF is not only
related to the disease flares but also to the pathogenetic substrate
of IBD.

No consensus was established about the definition of remission
in paediatric IBD. The “clinical remission” is the most accepted and
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Fig. 3 Correlations between faecal calprotectin and faecal BAFF. Correlation between faecal calprotectin and faecal BAFF in relation to the
whole group of inflammatory bowel disease (IBD) (a), Crohn’s disease (CD) (b) and ulcerative colitis (UC) (c).

Table 3. ROC curve analysis for the cut-off value of faecal BAFF.
Diagnostic Cut-off (pg/ml) AUC Se (%) Sp (%)
IBD vs Control 154 0.754 50.0 923
IBD vs IBS 16 0.76 51.0 93.0
UC vs Control 18.15 0.858 75.0 92.3
CD vs UC 18.45 0.748 75.0 81.2

IBD inflammatory bowel disease, CD Crohn’s disease, UC ulcerative colitis,
IBS irritable bowel syndrome, Se sensitivity, Sp specificity.

used term and is defined by composite scores (WPCDAI < 12.5 for
CD*® and PUCAI < 10%° for UQ), in which clinical items are taken in
consideration (abdominal pain, rectal bleeding, stool frequency
and consistency, number of stools per 24h, nocturnal stools,
activity level, weight). Laboratory findings (ESR and albumin) are
used only in the wPCDAI calculation. It has been shown that there
are discrepancies between the clinical remission and the
laboratory, endoscopic and histologic findings,>7* so there is a
need for a global approach, including clinical, imaging, histologic
and laboratory items.

The ESPGHAN guide.?® recommends the use of CP to assess the
intestinal inflammation. A level >250 ug/g of CP predicts more
accurately the existent inflammation, and further investigations such
as endoscopy or a change in treatment should be taken in
consideration. In clinical practice, however, in asymptomatic
patients, the follow-up is preferred to further investigation. The
higher level of faecal BAFF found in our patients with CP > 250 ug/g
could reinforce the suspicion about local infllmmation and to
reconsider the status of these patients.

The differential diagnosis between IBD and IBS represents a
challenge, especially in patients with mild IBD, as both categories
present abdominal pain and diarrhoea>® ESPGHAN guide®
recommends as initial work up ileocolonoscopy and esophago-
gastroduodenoscopy with multiple biopsies for all suspected IBD
cases. But these invasive procedures may have complications such
as bleeding and perforations, adverse events related to the
sedation and anaesthesia, and increased discomfort*® which
prompts for a need for non-invasive diagnosis. CP already
demonstrated its utility in differentiating patients with organic
gastrointestinal disease from those with functional disorders.>” We
found the same utility for BAFF in distinguishing between IBD and
IBS, even in clinically inactive patients. This might be useful as an

SPRINGERNATURE

initial work up for a better selection of patients who need
endoscopic examination.

The ROC curve analysis for the cut-off value of faecal BAFF for
discriminating between IBD and IBS/control had high specificity
(92-93%) but a lower sensitivity (50%), probably due to the low
number of clinically active IBD patients.

In our country, the only available data are on the adult
population and there are no published studies on paediatric IBD.>®
The disease course of UC and CD in the adult population of
Romania tends to be less severe, with fewer extra-intestinal
complications and extension.*® There is a lower frequency of IBD
in Eastern Europe compared to other parts of Europe, but with a
continuous increasing incidence.***' However, our study is
underlining the role of BAFF to assess intestinal inflammation in
inactive or mild IBD cases, and to be used in settings such as ours
where severe cases of IBD are not frequent. Thus, BAFF should be
considered as another biomarker for intestinal inflammation.

Our study’s main limitation is the low number of patients
enrolled in each group. In our country IBD is mainly mild;
therefore, we could not test severe forms of IBD. Also, we did not
correlate the faecal and serological findings to endoscopy and
ultrasonography. Due to ethical considerations, risks, discomfort
and costs, in our department the patients in clinical remission are
not routinely evaluated using endoscopy.

CONCLUSIONS

In paediatric patients with mild or inactive IBD, faecal BAFF levels
could be considered as a potential non-invasive marker for disease
monitoring. Larger longitudinal studies are needed in order to
establish the real utility of this factor not only for diagnosis but
especially for the non-invasive follow-up of the patients.
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