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ABSTRACT

Background: Studies on how the coronavirus pandemic has affected pediatric inflammatory
bowel disease (PIBD) are lacking. We aimed to investigate the trends in epidemiology,
characteristics, initial management, and short-term outcomes of PIBD in South Korea over
the recent three years including the era of coronavirus disease 2019 (COVID-19).

Methods: This multicenter study retrospectively investigated temporal trends in the
epidemiology of PIBD in Korea. Annual occurrences, disease phenotypes, and initial
management at diagnosis were analyzed from January 2018 to June 2021.

Results: A total of 486 patients from 17 institutions were included in this epidemiological
evaluation. Analysis of the occurrence trend confirmed a significant increase in PIBD,
regardless of the COVID-19 pandemic. In Crohn’s disease, patients with post-coronavirus
outbreaks had significantly higher fecal calprotectin levels than those with previous onset
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(1,339.4 + 717.04 vs. 1,595.5 + 703.94, P= 0.001). Patients with post-coronavirus-onset
ulcerative colitis had significantly higher Pediatric Ulcerative Colitis Activity Index scores
than those with previous outbreaks (48 + 17 vs. 36 + 15, P=0.004). In the initial treatment

of Crohn’s disease, the use of 5-aminosalicylic acid (5-ASA) and steroids significantly
decreased (P=0.006 and 0.001, respectively), and enteral nutrition and the use of infliximab
increased significantly (P= 0.045 and 0.009, respectively). There was a significant increase in
azathioprine use during the initial treatment of ulcerative colitis (P = 0.020).

Conclusion: Regardless of the COVID-19 pandemic, the number of patients with PIBD is
increasing significantly annually in Korea. The initial management trends for PIBD have also
changed. More research is needed to establish appropriate treatment guidelines considering
the epidemiological and clinical characteristics of Korean PIBD.

Keywords: Inflammatory Bowel Disease; Pediatric; COVID-19; Occurrence; Management

INTRODUCTION

The novel coronavirus (severe acute respiratory syndrome coronavirus 2 [SARS-CoV-2])
infection started in Wuhan, China in December 2019 and is spreading rapidly worldwide.1,2 In
Korea, since the first confirmed case of coronavirus disease 2019 (COVID-19) in January 2020,
cases have been continuously occurring.3 COVID-19 can show a variety of symptoms from
asymptomatic to severe clinical symptoms, and the main symptoms include fever, sore throat,
respiratory symptoms, muscle pain and headache; loss of smell and taste may appear.# As this
infection spreads rapidly around the world, the WHO has declared COVID-19 a pandemic.
Although there are differences by country and region, COVID-19 has a higher hospitalization
rate and mortality than expected and is more contagious than the new infectious diseases,
severe acute respiratory syndrome, and Middle East respiratory syndrome.1,5

It is known that COVID-19 patients with chronic underlying diseases are more likely to
progress to severe diseases.%7 In patients with inflammatory bowel disease (IBD) who

are using various immunomodulatory drugs, COVID-19 causes many concerns about the
treatment of existing IBD, as well as complications from the infection.8 Due to thorough
defense measures (COVID-19 prevention and control measures), many infectious diseases in
pediatric patients have declined, and it is estimated that the frequency of chronic diseases
incurred in this regard will be reduced.? However, there is also a lack of studies on how the
COVID-19 pandemic has affected IBD, especially pediatric patients (PIBD).

This study aimed to determine whether the occurrence, characteristics, initial treatment, and
short-term course of PIBD patients changed due to the COVID-19 epidemic compared with
the previous period. This study collected data from patients with PIBD in 17 local Korean
institutions, and was the first report to study the epidemiology of COVID-19 in PIBD centers
nationwide, although with a reduced number of patients. In addition, it is hoped that this
multicenter study will contribute to the proper diagnosis and treatment of PIBD in the special
era of the COVID-19 pandemic.
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METHODS

Patients and methods

This multicenter, retrospective study was conducted in the Department of Pediatrics of

17 medical centers nationwide from January 2018 to June 2021. The subjects included in

this study were pediatric patients under 18 years of age diagnosed with IBD, including
Crohn’s disease (CD) and ulcerative colitis (UC), within the past 3 years. Patients without a
colonoscopy, those without a confirmed Paris classification, and those for whom information
could not be obtained due to poor medical records at diagnosis were excluded.

Demographic data collected included age at diagnosis, sex, height, weight, body mass
index, distance from home to a hospital, and family history of IBD. Clinical information,
such as initial major symptoms, symptoms at diagnosis, duration from symptom
recognition to first hospital visit, duration from initial hospital visit to diagnosis, disease
activity at diagnosis, endoscopic severity, disease phenotypes, laboratory tests, and fecal
calprotectin results, was obtained from medical records. In addition, to determine the
short-term course, drug treatment, disease activity, laboratory tests, and fecal calprotectin
results were investigated at the initial stage of diagnosis and at the 6th and 12th months
after diagnosis, respectively.

Disease classification and behavior were based on the Paris Classification. Disease activity
was evaluated using the Pediatric Crohn’s Disease Activity Index (PCDAI) and Pediatric
Ulcerative Colitis Activity Index (PUCATI).10,11 To investigate endoscopic severity, we used
the Simple Endoscopic Score for Crohn’s Disease (SES-CD) for patients with CD and the
Modified Mayo Endoscopic Score for patients with UC.12,13

The trend in the number of PIBD for 3 years was confirmed at 6-month intervals, and we
compared the disease characteristics, initial treatment, and short-term course of the two groups
by dividing patients diagnosed before and after January 2020, when COVID-19 began in Korea.

Statistical analysis

For statistical comparison between groups, Student’s t-test or Mann-Whitney U test was used
for continuous variables, and a y? test or Fisher’s exact test was used for categorical variables.
Comparative data for continuous variables are reported as means and standard deviations.
Data were considered statistically significant if the Pvalue was < 0.05. All statistical analyses
were performed using the R software (version 4.0.2).

Ethics statement

This study was approved by the Institutional Review Board (IRBs) of all participating centers
(Jeonbuk National University Hospital IRB No. 2021-06-061), and informed consent was
waived because of the retrospective medical record review study.

RESULTS

Baseline characteristics

A total of 486 patients from 17 institutions were included: 362 (74.5%) patients with CD and
124 (25.5%) patients with UC. The baseline patient characteristics are presented in Table 1. The
mean age at diagnosis was 13.8 years for CD and 13.6 years for UC patients. The 1st degree
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Table 1. Baseline characteristics of pediatric inflammatory bowel disease

Variables CD uc
Total No. of children 362 124
Age at diagnosis, yr 13.76 + 2.76 13.58 £ 3.15
Gender: males (%) 256 (70.7) 69 (55.6)
1st degree family history of IBD 23 (6.4) 5(4.0)

Disease location (Crohn’s disease)
Lower Gl tract involvement

None 9(3.0)

L1 (distal 1/3 ileum = limited caecal disease) 54 (17.8)

L2 (colonic) 30(9.9)

L3 (ileocolonic) 210 (69.3)
Upper Gl tract involvement

None 130 (42.9)

L4a (upper disease proximal to ligament of Treitz) 107 (35.3)

L4b (upper disease distal to ligament of Treitz and proximal to distal 23 (7.6)

1/3 ileum)

L4a+b 43 (14.9)
Disease behavior

B1 (non-stricturing, non-penetrating) 222 (81.0)

B2 (stricturing) 42 (15.3)

B3 (penetrating) 6(2.2)

B2B3 (both stricturing and penetrating) 4 (1.5)

Perianal modifiers 142 (47.0)

Disease extent (ulcerative colitis)

E1 (ulcerative proctitis) 8(8.0)
E2 (left-sided [distal to splenic flexure]) 27 (27.0)
E3 (extensive [hepatic flexure distally]) 18 (18.0)
E4 (pancolitis [proximal to hepatic flexure]) 47 (47.0)

Values are presented as mean + SD or number (%).
CD = Crohn’s disease, UC = ulcerative colitis, IBD = inflammatory bowel disease, Gl = gastrointestinal.

family history of IBD was 6.4% for CD, and 4.0% for UC. In CD, ileocolic involvement was
found in 69.3% of patients; 42.9% of the cases did not have upper involvement, and perianal
lesions were found in 47.0% of patients at diagnosis. In UC, 47.0% of the patients had a
disease extent of pancolitis (Table 1).

The occurrences of PIBD in the last 3 years in Korea

Fig. 1 shows the number of cases of PIBD who occurred during the 6-month intervals from
January 2018 to June 2021 (Fig. 1). Although the number of children and adolescents in
Korea has been decreasing every year, the number of patients diagnosed with CD and UC has
gradually increased (139 to 223 in CD, 54 to 70 in UC), even after the COVID-19 era (Table 2).

Comparison of disease characteristics before and after the COVID-19 era in CD
In CD patients, the duration from the initial visit to a primary care physician to the pediatric
gastroenterologist referral was significantly longer after the COVID-19 era than before

(34.21 £ 76.37 vs. 55.05 £ 136.10 days, P= 0.023) (Table 3). However, there was no significant
difference in the total duration from the initial symptoms to diagnosis (176.43 + 214.09 vs.
172.16 + 229.49 days, P= 0.990). Both before and after the COVID-19 pandemic, the main
symptoms were abdominal pain and diarrhea. Weight loss was significantly more common
in patients diagnosed after the COVID-19 pandemic (33.6% vs. 45.1%, P= 0.033). There were
no differences in the sites of gastrointestinal tract involvement, perianal lesions, laboratory
tests, PCDAI, and SES-CD according to the time of diagnosis. The fecal calprotectin level was
significantly higher in patients diagnosed after the COVID-19 era (1,339.4 + 717.04 vs. 1,595.5
+703.94, P=0.001) (Table 3).
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Fig. 1. The incidence of pediatric inflammatory bowel disease.
CD = Crohn’s disease, UC = ulcerative colitis.

Table 2. Epidemiological trends and initial management before and after COVID-19

Variables CcD uc Total Pediatric population
Before COVID-19 139 54 193 8,176,335
After COVID-19 223 70 293 7,928,907
Total 362 124 486

COVID-19 = coronavirus disease 2019, CD = Crohn’s disease, UC = ulcerative colitis.

Comparison of disease characteristics before and after the COVID-19 era in UC
In UC, the mean age of patients diagnosed after COVID-19 era was significantly lower (14.36 +
2.83vs.12.98 + 3.28 years, P= 0.014) (Table 4). There were no significant differences between the
initial symptoms and laboratory test results. Fecal calprotectin levels after and before COVID-19
era were also not significantly different (1,215.6 + 746.1 vs. 1,491.7 + 698.56, P=0.071) (Table 4).

Initial management before and after the COVID-19 era

In the initial treatment of CD, patients diagnosed before the COVID-19 era mainly used
5-aminosalicylic acid (5-ASA) (78.4%) and steroids (51.1%), whereas patients diagnosed after
the COVID-19 era, the use of 5-ASA (68.8%) and steroids (33.5%) decreased significantly (P=
0.046, P=0.001), as did the use of infliximab (13.7% vs. 5.4%, P=0.007) (Table 5). Exclusive
enteral nutrition (EEN) has increased significantly in patients diagnosed with COVID-19
(46.8% vs 60.6%, P=0.010). There was no significant difference in the initial management of
UC before or after the COVID-19 pandemic (Table 6).

Short-term course of PIBD before and after the COVID-19 era

Six months after diagnosis, disease activity and endoscopic severity according to the time of
diagnosis did not differ between CD and UC (Tables 7 and 8). In CD, regarding the treatment
at 6 months after diagnosis, significantly fewer patients diagnosed after the coronavirus era
were using infliximab (45.6% vs. 30.2%, P= 0.01) and more patients received EEN (4.0%

vs. 10.8%, P=0.037) than those diagnosed previously. Even 12 months after diagnosis,
infliximab use was significantly lower in patients diagnosed after the COVID-19 era than in
those diagnosed before (55.7% vs. 32.8%, P=0.003). A comparison of the short-term courses
at 12 months after diagnosis is shown in Tables 9 and 10.
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Table 3. Epidemiological trends of and initial management before and after COVID-19 in Crohn’s disease

Variables Time at diagnosis Pvalue
Before COVID-19 After COVID-19
No. 139 223
Age at diagnosis, yr 13.98+2.71 13.63+2.79 0.172°
Sex, male 103 (74.1) 153 (68.6) 0.264°
IBD family history 11 (7.9) 12 (5.4) 0.337°
Distances from home to a hospital, km 24.37 + 28.98 26.02 + 32.52 0.557°
Height, cm 1.58 £ 0.15 1.58+£0.15 0.654*
Weight, kg 47.20 + 14.31 47.88 + 14.32 0.734*
Body mass index, kg/m? 18.37 + 3.17 18.72 + 3.53 0.533*
From onset of symptoms to initial visit to physician (days) 135.67 + 167.72 114.88 + 185.90 0.122*
From initial visit to a doctor to referral to pediatric gastroenterology (days) 34.21 + 76.37 55.05 + 136.10 0.023%
From referral to pediatric gastroenterology to diagnosis (days) 12.81+51.39 12.50 + 55.83 0.757*
Time to diagnosis (days) 176.43 + 214.09 172.16 + 229.49 0.990°
Initial symptoms
Abdominal pain 83 (59.7) 137 (61.4) 0.744°
Diarrhea 61 (43.9) 105 (47.1) 0.552°
Hematochezia 16 (11.5) 37 (16.6) 0.184°
Weight loss 38(27.3) 80 (35.9) 0.092
Perianal disease 44 (31.7) 62 (27.8) 0.433°
Linear growth failure 4(2.9) 2(0.9) 0.209°
Extraintestinal symptoms 25 (18.0) 53(23.8) 0.193°
Symptoms at diagnosis
Abdominal pain 88 (64.2) 130 (61.0) 0.547°
Diarrhea 75 (54.7) 119 (55.9) 0.836"°
Hematochezia 18(13.1) 39(18.3) 0.201°
Weight loss 46 (33.6) 96 (45.1) 0.033°
Perianal lesion 49 (35.8) 73 (34.3) 0.775°
Extraintestinal symptoms 13 (9.5) 33 (15.5) 0.105°
Lower intestinal involvement 0.489¢
None 5(4.2) 4(2.2)
L1 29 (18.6) 32(17.3)
L2 14 (11.9) 16 (8.6)
L3 77 (65.3) 133 (71.9)
Upper intestinal involvement 0.854°
None 51 (43.2) 79 (42.7)
L4a 39 (33.1) 68 (36.8)
L4b 9 (7.6) 14 (7.6)
L4a+L4b 19 (16.1) 24 (13.0)
Behavior 0.492°
B1 88(79.3) 134 (82.2)
B2 20 (18.0) 29 (13.5)
B3 1(0.9) 5(3.1)
B2B3 2(1.8) 2(1.2)
Perianal disease 54 (46.2) 88 (47.6) 0.810°
PCDAI 36.92 +13.94 38.40+16.15 0.355%
SES-CD 12.05£7.53 12.39+7.64 0.719*
Hemoglobin 12.04+1.80 11.80+1.92 0.173°
ESR 47.74 + 29.92 49.82 + 29.19 0.387%
Albumin 3.92+0.54 3.91+0.55 0.803*
HS-CRP 6.47 + 13.56 6.97 + 17.64 0.774*
Fecal calprotectin 1,339.4 + 717.04 1,595.5 + 703.94 0.001*

Shapiro-Wilk’s test was employed to assess the normality assumption.

COVID-19 = coronavirus disease 2019, IBD = inflammatory bowel disease, PCDAI = Pediatric Crohn’s Disease Activity Index, SES-CD = Simple Endoscopic Score for
Crohn’s Disease, ESR = erythrocyte sedimentation rate, HS-CRP = high-sensitivity C-reactive protein.

2p values were derived from the Mann-Whitney’s U test; °P values were derived from y? test; °P values were derived from Fisher’s exact test.
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Table 4. Epidemiological trends and initial management before and after COVID-19 in ulcerative colitis

Variables Before COVID-19 After COVID-19 P value
No. 54 70
Age at diagnosis, yr 14.36+ 2.83 12.98 + 3.28 0.014%
Sex, male 28 (51.9) 41 (58.6) 0.455°
IBD family history 0 (0.0) 5(7.1) 0.068°
Distances, km 22.63 + 19.83 26.43 + 28.28 0.858°
Height, cm 1.61+0.14 1.56 £ 0.18 0.288*
Weight, kg 59.34+ 16.68 46.77 = 15.70 0.118%
Body mass index, kg/m? 19.87 + 3.74 18.56 + 3.21 0.055°
From onset of symptoms to initial visit to physician (days) 218.40 + 647.82 89.79 + 149.14 0.287°
From initial visit to a doctor to referral to pediatric gastroenterology (days) 32.51 +68.14 492.64 + 70.47 0.125%
From referral to pediatric gastroenterology to diagnosis (days) 9.32+19.61 7.04 + 10.60 0.897*
Time to diagnosis (days) 243.45 + 621.01 130.52 + 168.87 0.474*
Initial symptoms
Abdominal pain 21 (38.9) 30 (42.9) 0.656°
Diarrhea 31 (57.4) 36 (51.4) 0.508°
Hematochezia 44 (81.5) 54 (77.1) 0.556°
Weight loss 9 (16.7) 9(12.9) 0.550°
Perianal disease 0(0.0) 0(0.0) -
Linear growth failure 0(0.0) 1(1.4) 1.000¢
Extraintestinal symptoms 6(11.1) 7 (10.0) 0.841°
Symptoms at diagnosis
Abdominal pain 26 (48.1) 31 (44.9) 0.722°
Diarrhea 32(59.3) 41 (59.4) 0.986°
Hematochezia 45 (83.3) 55(79.7) 0.609°
Weight loss 11 (20.4) 11 (15.9) 0.5925°
Perianal lesion 1(1.9) 0 (0.0) 0.439°
Extraintestinal symptoms 3(5.6) 2(2.9) 0.653°
Extents 0.142°¢
El 3(7.1) 5 (8.6)
E2 16 (38.1) 11 (19.0)
E3 8(19.0) 10(17.2)
E4 15 (35.7) 32 (55.9)
PUCAI 41.02 £19.22 44.46 + 18.06 0.320%
Mayo 2.77 £ 1.67 2.71+1.94 0.576*
Hemoglobin 11.51 +2.90 12.31+2.28 0.108°
ESR 22.43 +19.61 26.17 + 26.48 0.857%
Albumin 4.20 + 0.59 4.28 + 0.49 0.490*
HS-CRP 3.41+9.82 2.27 +6.13 0.609*
Fecal calprotectin 1,215.6 = 746.1 1,491.7 + 698.56 0.071*

Shapiro-Wilk’s test was employed to assess the normality assumption.
COVID-19 = coronavirus disease 2019, IBD = inflammatory bowel disease, PUCAI = Pediatric Ulcerative Colitis Activity Index, ESR = erythrocyte sedimentation
rate, HS-CRP = high-sensitivity C-reactive protein.

2p values were derived from the Mann-Whitney’s U test; °P values were derived from y? test; °P values were derived from Fisher’s exact test.

https://jkms.org

Table 5. Initial treatment trends before and after COVID-19 in Crohn’s disease (N = 362)

Variables Before COVID-19 After COVID-19 P value
5-ASA 109 (78.4) 152 (68.8) 0.046
Steroids 71(51.1) 74 (33.5) 0.001?
Azathioprine 83 (59.7) 126 (57.0) 0.613*
Methotrexate 4(2.9) 16 (7.2) 0.079°
Infliximab 19 (13.7) 12 (5.4) 0.007°
Adalimumab 1(0.7) 0(0.0) 0.386°
Exclusive enteral nutrition 65 (46.8) 134 (60.6) 0.010%
Antibiotics 53 (38.1) 72 (32.6) 0.289°

Shapiro-Wilk’s test was employed to assess the normality assumption.
COVID-19 = coronavirus disease 2019, 5-ASA = 5-aminosalicylic acid.

2p values were derived from y? test; °P values were derived from Fisher’s exact test.
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Table 6. Initial treatment trends before and after COVID-19 in ulcerative colitis (N =124)

Variables Before COVID-19 After COVID-19 P value
5-ASA 48 (88.9) 65 (94.2) 0.339
Steroids 35 (64.8) 46 (66.7) 0.830°
Azathioprine 16 (29.6) 27 (39.1) 0.273°
Methotrexate 1(1.9) 0(0.0) 0.439?
Infliximab 1(1.9) 0(0.0) 0.439°
Adalimumab 0 (0.0) 0 (0.0) -

Exclusive enteral nutrition 2(3.7) 7 (10.1) 0.296%
Antibiotics 6(11.1) 5(7.2) 0.533°

Shapiro-Wilk’s test was employed to assess the normality assumption.
COVID-19 = coronavirus disease 2019, 5-ASA = 5-aminosalicylic acid.
2p values were derived from Fisher’s exact test; °P values were derived from 2 test.

Table 7. Comparison of short-term courses at 6 months after diagnosis according to the time of diagnosis in

Crohn’s disease (N = 264)

Variables The time of diagnosis P value
Before COVID-19 After COVID-19
Disease activity (PCDAI) 7.68+9.83 5.65+ 8.00 0.1992°
Endoscopic score (SES-CD) 4.50+ 5.20 3.18+ 3.68 0.226°
Hemoglobin 13.32 £ 1.42 13.27 £ 1.30 0.735%
Albumin 4.39+0.39 4.47 £ 0.33 0.076%
ESR 12.98 + 13.01 11.68 +11.69 0.358*
HS-CRP 0.81+ 2.50 0.83 £ 2.22 0.606*
Fecal calprotectin 761.17 +1,291.43 791.67 + 945.30 0.067%
Treatment
5-ASA 84 (67.2) 95 (68.3) 0.842°
Steroids 7 (5.6) 12 (8.6) 0.341°
Azathioprine 88 (70.4) 101 (72.7) 0.684°
Methotrexate 7 (5.6) 9 (6.5) 0.766"
Infliximab 57 (45.6) 42 (30.9) 0.010°
Adalimumab 9(7.2) 13(9.4) 0.528°
Exclusive enteral nutrition 5(4.0) 15 (10.8) 0.037°

Shapiro-Wilk’s test was employed to assess the normality assumption.

COVID-19 = coronavirus disease 2019, 5-ASA = 5-aminosalicylic acid, ESR = erythrocyte sedimentation rate,
HS-CRP = high-sensitivity C-reactive protein, PCDAI = Pediatric Crohn’s Disease Activity Index, SES-CD = Simple

Endoscopic Score for Chron’s Disease.
2p values were derived by Mann-Whitney’s U test; °P values were derived from y? test.

Table 8. Comparison of short-term courses at 6 months after diagnosis according to the time of diagnosis in

ulcerative colitis (N = 95)

Variables The time of diagnosis P value
Before COVID-19 After COVID-19
Disease activity (PUCAI) 13.55+14.28 11.46 + 15.12 0.296*
Mayo endoscopic score 183 = 1,50 1.79 + 1.90 0.545%
Hemoglobin 13.07 £ 1.95 13.02 +£1.51 0.892°
Albumin 4.44 + 0.53 4.54 +0.40 0.228%
ESR 11.77 £ 11.42 12.87 +15.39 0.816%
HS-CRP 2.94+12.29 1.64 = 8.87 0.438%
Fecal calprotectin 820.87 +1,235.76 859.62 + 1,456.35 0.4572
Drugs of treatment
5-ASA 44(93.6) 43 (89.6) 0.714°
Steroids 11 (23.4) 5(10.4) 0.091¢
Azathioprine 20 (42.6) 17 (35.4) 0.476¢
Methotrexate 3(6.4) 3(6.3) 1.000¢
Infliximab 4(8.5) 6 (12.5) 0.740°
Adalimumab 0 (0.0) 0 (0.0) -
Exclusive enteral nutrition 0(0.0) 0(0.0) -

Shapiro-Wilk’s test was employed to assess the normality assumption.

COVID-19 = coronavirus disease 2019, 5-ASA = 5-aminosalicylic acid, ESR = erythrocyte sedimentation rate, HS-
CRP = high-sensitivity C-reactive protein, PUCAI = Pediatric Ulcerative Colitis Activity Index.
2p values were derived by Mann-Whitney’s U test; °P values were derived from independent t-test; °P values were

derived from Fisher’s exact test; “P values were derived from y? test.
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Table 9. Comparison of short-term courses at 12 months after diagnosis according to the time of diagnosis in

Crohn’s disease (N =179)

Variables The time of diagnosis P value
Before COVID-19 After COVID-19
Disease activity (PCDAI) 7.48 £ 11.94 6.39£10.18 0.614*
Endoscopic score (SES-CD) 3.56 + 6.06 3.92 + 3.45 0.308*
Hemoglobin 13.75+ 1.45 13.56 +1.22 0.382°
Albumin 4.45 +0.30 4.54 £ 0.32 0.060*
ESR 11.91+13.66 10.97 + 11.00 0.999%
HS-CRP 1.30 = 4.00 0.59+1.80 0.292*
Fecal calprotectin 756.70 + 1,267.05 691.93 +1,028.94 0.338°
Treatment
5-ASA 71 (61.7) 35 (54.7) 0.358°
Steroids 6(5.2) 4 (6.3) 0.747¢
Azathioprine 80 (69.6) 43(67.2) 0.742°
Methotrexate 12 (10.4) 6(9.4) 0.821°
Infliximab 64 (55.7) 21 (32.8) 0.003°¢
Adalimumab 12 (10.4) 10 (15.6) 0.311°
Exclusive enteral nutrition 4(3.5) 3(4.7) 0.702¢

Shapiro-Wilk’s test was employed to assess the normality assumption.

COVID-19 = coronavirus disease 2019, 5-ASA = 5-aminosalicylic acid, ESR = erythrocyte sedimentation rate,
HS-CRP = high-sensitivity C-reactive protein, PCDAI = Pediatric Crohn's Disease Activity Index, SES-CD = Simple
Endoscopic Score for Chron’s Disease.

2p values were derived by Mann-Whitney’s U test; °P values were derived from independent t-test; °P values were
derived from y? test; °P values were derived from Fisher’s exact test.

Table 10. Comparison of short-term outcomes at 12 months after diagnosis according to the time of diagnosis in
ulcerative colitis (N = 61)

Variables The time of diagnosis P value
Before COVID-19 After COVID-19
Disease activity (PUCAI) 13.31+17.99 10.00 + 14.49 0.753%
Mayo Endoscopic score 1.80+ 1.15 1.33+0.58 0.479*
Hemoglobin 13.10+1.99 12.78 +1.57 0.547°
Albumin 4.49 + 0.38 4.54 £ 0.39 0.466%
ESR 9.38+9.47 17.53 +16.82 0.1472
HS-CRP 0.71+2.80 0.56 + 0.96 0.058*
Fecal calprotectin 1,073.71+1,781.93 1,472.68 + 1,829.58 0.536%
Treatment
5-ASA 49 (95.5) 14 (82.4) 0.127°
Steroids 7 (15.9) 4(23.5) 0.481°
Azathioprine 22 (50.0) 8(47.1) 0.837¢
Methotrexate 2 (4.5) 1(5.9) 1.000¢
Infliximab 4(9.1) 2(11.8) 1.000¢
Adalimumab 0 (0.0) 0 (0.0) -
Exclusive enteral nutrition 0(0.0) 0(0.0) -

Shapiro-Wilk’s test was employed to assess the normality assumption.

COVID-19 = coronavirus disease 2019, 5-ASA = 5-aminosalicylic acid, ESR = erythrocyte sedimentation rate, HS-
CRP = high-sensitivity C-reactive protein, PUCAI = Pediatric Ulcerative Colitis Activity Index.

2p values were derived by Mann-Whitney’s U test; °P values were derived from independent t-test; °P values were
derived from Fisher’s exact test; “P values were derived from y? test.

Transfer rates during the last 3 years beyond the COVID-19 era

At the time of diagnosis, it was confirmed that the movement to other hospitals (voluntary
transfer) decreased from 12.2% to 8.5%, when the COVID-19 pandemic started in patients with
CD. However, no statistically significant differences were observed (Table 11). In patients with
UC, the transfer rate decreased from 11.5% to 4.6%, when the COVID-19 pandemic started.
There were no statistically significant differences between the groups (Table 11).
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Table 11. Transfer rates according to the time of diagnosis in patients with Crohn’s disease and ulcerative colitis

Variables Before COVID-19 After COVID-19 Pvalue
No. of Crohn’s disease 139 223 -
No. (%) of transfer 17 (12.2) 19 (8.5) 0.251*
No. of ulcerative colitis 52 65 -
No. (%) of transfer 6(11.5) 3(4.6) 0.183°

2p values were derived from y? test.
°p values were derived from Fisher’s exact test.
COVID-19 = coronavirus disease 2019.

DISCUSSION

In this study, the incidence of PIBD, CD, and UC, increased, despite the decline in the number
of children and adolescents after the COVID-19 era. The incidence of PIBD has dramatically
increased over the past 20 years. Although the incidence of PIBD varies from region to region
around the world, the incidence of PIBD has been showing a steadily increase, and is also
characterized by a sharp increase, especially in Asia.}416 According to a systematic review
article, the incidence rates of IBD, CD, and UC in Asia were 0.5-11.4, 0.3-3.7, and 0.2-3.9 per
100,000 person-years from 1968 to 2012, respectively.1> Therefore, the increased incidence
rate in this study can be explained as an extension of the existing increasing pattern. It should
also be taken into account that the recent small family size raises concerns and interest in
children's health and symptoms, and as access to medical services has improved, many
evaluations to exclude IBD are being conducted. The increase in PIBD medical care due to the
increase in pediatric endoscopy specialists and active tests to find patients more than in the
past would have played a role. I also think that the development of the transfer system, which
is suspected of PIBD and transported to a center that can be treated, also played a big role in
increasing the incidence of PIBD. There should be more attention and research by clinicians
on the increasing number of patients with PIBD, even though there has been a decrease in
the population of children and adolescents due to a reduced birth rate in Korea, the overall
frequency of general pediatric diseases is also decreasing.

Another point to consider is the impact of the COVID-19 pandemic. Lifestyle changes in

the post-COVID-19 era may have contributed to this increase. COVID-19 has affected the
incidence of various pediatric diseases. Infection-associated diseases in children have
decreased and childhood obesity has increased.1”18 This is a result of not only complying
with quarantine rules but also due to a lack of activity, such as an increase in the time spent
at home. In addition, if there was a change in the composition of intestinal microflora due
to an increase of the use of food delivery services and intake of processed food, it would be
associated with an increase in PIBD incidence. Changes in intestinal microflora are known to
be closely related to the occurrence of IBD, and it has not yet been established as a standard
treatment; however, efforts are being made to apply it to the treatment of IBD. Considering
the influence of the increased number of pediatric obesity patients and the increase in the
occurrence of PIBD as COVID-19 progresses, we believe that the cause and treatment of PIBD
will contribute to the development of an improved PIBD management.19

Clinical manifestations of PIBD may include common symptoms such as abdominal pain,
hematochezia, and weight loss, but in many cases, atypical symptoms such as linear growth
failure and extraintestinal symptoms may be present.20 When comparing the disease
characteristics before and after the COVID-19 era in our study, the most common clinical
symptoms at initial diagnosis were abdominal pain and diarrhea in CD and hematochezia
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in UC, and there was no statistically significant difference between the two groups.
Characteristically, weight loss was significantly more common after the COVID-19 era as a
symptom of CD. In the case of weight loss, which may be relatively inconspicuous compared to
other symptoms, it is possible that the detection was delayed because weight was not measured
in circumstances such as isolation and restrictions on school attendance in the COVID-19 era.
Weight loss is a relatively common symptom in PIBD, especially CD. However, if it is detected
late and does not recover properly, it will lead to a decrease in the final adult height.21,22
Therefore, early detection of weight loss is an important aspect that should not be overlooked.

In addition, the period from the primary care visit to the referral to a pediatric
gastroenterologist was significantly longer after the COVID-19 era, indicating that there

were some restrictions on transfer to tertiary referral hospitals during this period. It may

be difficult to treat other diseases at referral hospitals owing to the COVID-19 pandemic.

It is also possible that because of concerns regarding the spread of COVID-19, the patient
hesitated to visit a tertiary hospital despite showing symptoms. In addition, during the
COVID-19 era, the delay can have contributed to the increasing proportion of weight loss

that progresses and persists slowly over time. One of the reasons for mainly selecting local
PIBD centers in Korea, was to identify patients who were transferred to big centers in Seoul
immediately after diagnosis. The results of the study showed that there was no significant
differences in both CD and UC patients, however, before COVID-19, about one in ten patients
were transferred, but due to restrictions on movement during the COVID-19 era, it is thought
that only about one in six patients were transferred. In addition, children's transfers were not
impacted by the pandemic, as expected in this study, and it was confirmed that the treatment
was being conducted efficiently in local centers in Korea.

After the COVID-19 era, the use of steroids decreased and that of EEN increased during the
initial treatment of CD. According to the guidelines of ECCO/ESPGHAN, EEN is recommended
as a first-line treatment to induce remission in children with active luminal CD.23,24 In several
previous studies, EEN was confirmed to be effective in the treatment of pediatric CD to replace
the effect of steroids.25 It reduces proinflammatory microbial components, which reduces
inflammatory damage to the gut. EEN-induced remission is significant in the modulation

of the gut microbiota.26 EEN induction is effective in activating early clinical, biochemical,
mucosal, and transmural remission in children with luminal CD. Early complete mucosal
healing with EEN predicts sustained remission and improves outcomes.2’” On the other hand,
the use of infliximab decreased in both CD and UC, which could be attributed to restrictions
on the application of biologics due to concerns about infection in the COVID-19 era and further
changes in domestic insurance policies. This results did not reflect recent treatment trends
favoring top-down strategies. It is necessary to elucidate whether this result was a temporary
decrease due to concerns about infection in the early stages of COVID-19 or whether it was

due to restrictions on use due to the strengthening of medical insurance standards unique to
Korea through additional long-term research. This study has shown that the direction of PIBD
treatment in Korea is gradually changing, and that through active research and consultation,
medical workers should also create optimal guidelines that consider the domestic situation.

Several adult studies have found that IBD is not a risk factor for COVID-19 infection.28
However, the COVID-19 pandemic has changed the treatment approach in patients with
IBD. In actual clinical practice, there is a tendency to hesitate and stop using biologics and
immunomodulators in patients with IBD.29 According to published guidelines, the use of
biologics and immunomodulators should not be stopped or dose reduced, and steroids
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should be reduced whenever possible.30 The reduction of these treatments in the era of
COVID-19 is highlighted more in pediatric IBD patients, where safety is more important.
Nevertheless, no guidelines have been optimized for pediatric IBD. Based on experiences in
the COVID-19 era, a revised treatment guideline for pediatric IBD is needed so that treatment
can be appropriately intervened at an appropriate time without delay. Even if it is not related
to the COVID-19 era, the use of biologics, which are currently used in adults due to problems
such as insurance, is also very limited for patients with PIBD in Korea.

Pediatric Inflammatory Bowel Disease in Korea

A limitation of this study is that it was a retrospective medical record study, and the recorded
endoscopic score or the activity of the disease may be somewhat subjective, and it may have
some errors regarding the use of biologic insurance coverage. There were many limitations

in the data: reporting the exact time point reaching clinical remission (PCDAI or PUCAI <

10) and accurately reporting mucosal healing (SES-CD:O0 or below 3). However, for the first
time, the latest data was collected from as many PIBD centers as possible in Korea. In this
study, large centers in Seoul were excluded, and there is a limitation in that the largest number
of PIBD patients data were omitted, however, we think this is a problem that the domestic
registry can address through follow-up studies. In addition, this study is meaningful because
it examines the domestic PIBD trends before and after COVID-19, however, it is believed that it
shows the current status of rapidly changing PIBD regardless of COVID-19, and for this reason,
continuous follow-up research is needed. This study will serve as the basis for a large-scale
multicenter follow-up study, and it is hoped that it can help stablish the PIBD registry in Korea.

In conclusion, this study confirmed that the incidence of PIBD in Korea is steadily increasing
despite a rapid decline in the birth rate. The initial management of PIBD continues to
change, and it is reasonable to see that this is due to the characteristics of chronic diseases
that are repeated by the heterogenicity of PIBD rather than the influence of the COVID-19
era. Especially in children, growth periods should be considered, and if not handled
appropriately, they can lead to growth failure. In Korea, early diagnosis and optimal
guidelines are essential for children with PIBD.
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