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Abstract

The predominant forms of inflammatory bowel disease (IBD) are Crohn's disease and ulcerative
colitis, which occur in approximately 0.5-1% of the World population. Alterations in the microbial
flora (dysbiosis) are considered the primary precipitating factor in IBD. Because antibiotics are major
disruptors of the microbiome, it was hypothesized that different antibiotic classes might induce
distinct alterations in gut flora, reflected in positive or negative associations with IBD incidence at
the population level. Average yearly consumption was calculated from ECDC reports (2004-2023) for
the major antibiotic classes, which cover 99.87% of total antibiotic consumption across 30 European
countries. Data were compared with age-stratified IBD incidence (15-39 years) estimated for 2021.
Ordinal logistic regression modeled the association between antibiotic class proportions and IBD-
incidence categories, entering each antibiotic class separately as a continuous predictor. Pearson
correlation analyses were conducted to assess linear associations, and Kruskal-Wallis tests were
applied to compare incidence categories. Statistical significance was set at p < 0.05. Tetracyclines
(JO1A), narrow-spectrum penicillin (JO1CE, JO1CF), and sulfonamides (JO1E) showed a significant
positive association with IBD incidence, indicating that higher consumption was associated with
higher national incidence. In contrast, cephalosporins, macrolides, aminoglycosides, and quinolones
showed significant negative associations, suggesting links to lower national incidence levels.
Different antibiotic consumption patterns across 30 European countries may be associated with the
IBD incidence.
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1. Introduction

Inflammatory bowel disease (IBD) refers to diseases that cause chronic inflammation in the
gastrointestinal (GI) tract. Symptoms include abdominal pain, diarrhea (often with blood), fatigue,
and unintended weight loss, though they can vary depending on the disease's severity and location.
Symptoms include abdominal pain, diarrhea, and weight loss, which can come and go in periods of
flare-up and remission. Crohn's disease can develop anywhere along the digestive tract from the
mouth to the anus, whereas ulcerative colitis is restricted to the large intestine. These diseases are
non-communicable and incurable, affecting millions of people worldwide. Usually, IBD is considered
a Western disease. By the 21st century, emerging industrialized nations in Asia and Latin America
had experienced a rapid increase in cases, making inflammatory bowel disease a global issue (1, 2).
Patients with IBD might produce a variety of symptoms that are different in UC and CD; however,
frequent symptoms include persistent abdominal pain, diarrhea (with or without blood), weakness,
and weight loss. IBD’s clinical manifestations are characterized by recurrent episodes of
gastrointestinal tract inflammation caused by an abnormal immune response to gut microflora.
Ulcerative colitis (UC) generally presents itself as bloody diarrhea with or without mucus. Patients
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frequently complain of tenesmus, a sensation of incomplete evacuation, and abdominal pain. On
physical exam, the patients complain of feeling predominantly left lower or left upper quadrant
abdominal pain. In more severe cases, signs of an acute abdomen may develop, including guarding,
rebound tenderness, or percussion tenderness, warranting investigation for toxic megacolon. The
clinical manifestations of Crohn's disease (CD) vary considerably depending on the anatomical
location of gastrointestinal involvement. Manifestations differ depending on the underlying
inflammation, fistula formation, or the development of strictures. The symptom complex of right
lower quadrant pain, weight loss, and non-bloody diarrhea is suggestive of Crohn's disease flare-up.
Fistula formation can appear as fecaluria, pneumaturia, and rectovaginal fistula development.
Masses in the right lower quadrant are generally related to abscess formation. Children with CD may
present with growth retardation and delayed sexual maturation (3-5). The incidence of IBD has risen
in the past decades, and now it is a global issue and not only a “Western” disease. Approximately 1.3
million people in Europe suffer from inflammatory bowel disease (IBD), which is about 0.2% of the
population, but its rate varies by geographical regions. IBD incidence ranges from 10.5 to 46.14 per
100,000 in Europe. Crohn’s disease [CD] incidence ranged from 4.1 to 22.78 per 100,000 in Europe,
and ulcerative colitis [UC] estimates ranged from 3.0 to 23.36 per 100,000 in Europe. Northern
European countries and the UK show the highest rates of UC, while southern and eastern European
countries historically have lower rates, though these are increasing. The UK has the highest
prevalence rate with 570/100000 inhabitants, followed by Denmark (530/100000) and Norway
(503/100000). The lowest prevalence rates were reported from Portugal (1,6/100000) and Romania
(2,42/100000). The prevalence of Crohn's disease in Europe ranges from approximately 61.6 to 178 per
100,000 people (6, 7). Genetic analyses have identified more than 200 genes associated with an
increased risk of developing IBD, but most of the associations are relatively weak. Twins studies
indicate a concordance rate of around 4% for dizygotic pairs. In contrast, concordance rates for
monozygotic twins have been reported as 50% with higher rates among pairs with Crohn's disease
than pairs with ulcerative colitis. Among pairs with Crohn's disease, the majority have disease in the
exact location of the bowel (8). The single greatest known risk factor for developing IBD is having a
close family member with IBD, which might raise the possibility, apart from genetics, that the
“transfer” of the IBD-related microbiome also occurs (9). It is observed that about 5% and 23% of
people with IBD have a first-degree relative with IBD. Among families with multiple affected family
members, there appears to be a high degree of clinical similarity in disease location, disease behavior,
age at diagnosis, and the presence and character of extra-intestinal manifestations (10). Reports on
the environmental risk factors for IBD indicated that maternal smoking, early life antibiotic exposure,
otitis media, living in urban area (for CD), adult smoking (for CD), longer NSTAID drugs taking,
combined oral contraceptives, hormonal medical treatment, adult antibiotic exposure, carnivorous
diet, and consuming ultra-processed foods (UBD) augment the possibility of developing CD, but not
UC. Breastfeeding up to 12 months, higher consumption of vegetables and fish, exposure to farm
animals, bed sharing, fruit and vegetables (UC), fiber intake (CD), appendectomy (UC), tobacco
smoking (UC), presence of Helicobacter pylori, and Mediterranean diet are considered protective
factors. The opposite effect of smoking for CD (aggravating the symptoms) and UC (ameliorating the
disease process) is well known, but no appropriate explanation exists. Reports also indicate the role
of psychological factors in the development of IBD (6, 11). Inflammatory bowel diseases arise from a
convergence of genetic risk, environmental factors, and gut microbiota, where each is necessary but
not sufficient alone to cause disease. However, environmental factors (diet, antibiotics, etc.) can
influence the composition of gut flora by promoting or inhibiting the proliferation of different
microbial taxa. The pro-colitogenic effects of intestinal dysbiosis and the amelioration of the
inflammatory burden through fecal microbiota transplantation are well established.

2. Concept/working hypothesis:

Considerable scientific knowledge accumulated over the past decades suggests that the
principal driving force in the development of inflammatory bowel diseases (UC, CD) is pro-
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inflammatory dysbiosis, which arises from various external factors in (probably) genetically
susceptible individuals. Different diets either promote (ultra-processed food) or protect
(Mediterranean diet) the development of IBD. Antibiotic exposure, particularly at early ages, is
considered a risk factor for the development of IBD. Still, different antibiotic classes, depending on
the susceptibility of the intestinal microbial taxa, may either promote or inhibit the growth of IBD-
related dysbiosis. Antibiotic consumption reports (ECDC) from the 30 European countries included
in the study indicate manifold differences in the average yearly consumption of different antibiotic
classes, expressed in Defined Daily Dose/1000 inhabitants/Day (DID). The consumption of narrow-
spectrum, beta-lactamase-sensitive penicillin (JO1CE), calculated as an average yearly consumption,
is highest in Denmark (27.733 DID) and lowest in Italy (0.009 DID). The highest average annual
cephalosporin consumption was reported in Greece (23.814 DID), and the lowest in the UK (2.067). It
is hypothesized that if the consumption of any antibiotic group shows a significant positive statistical
association with the incidence of IBD, it might indicate that higher use of that class is linked to an
increased likelihood of belonging to a higher IBD-incidence category. In contrast, a significant
negative association may suggest that greater consumption of a given antibiotic class is associated
with a higher probability of belonging to a lower IBD-incidence category, potentially reflecting
differing impacts on gut flora. Countries with higher consumption of antibiotic classes that show
positive associations might report higher IBD incidence. In contrast, increased use of classes that
show negative associations may correspond to lower IBD incidence.

3. Objective

Identification of antibiotic classes that show positive or negative statistical association with the
IBD incidence (ASIR 2021), which might promote or inhibit the IBD-related dysbiosis.
4. Materials and methods

An average yearly antibiotic consumption database was developed on antibiotic consumption
in 30 European countries from the ECDC annual reports of 2004-2023 (twenty years) accessed in
August 2025 (https://www.ecdc.europa.eu/en/publications-data/antimicrobial-consumption-eueea-

esac-net-annual-epidemiological-report-2023 ). Total antibiotic consumption (public, hospital) was

recorded for the countries included in the study for each year (2004-2023, twenty years) to calculate
the yearly average consumption. The ECDC reports included 15 antibiotic categories, expressed as
Defined Daily Dose/1000 Inhabitants/Day (DID), coded according to the ATC classification at level
II. and I
https://qap.ecdc.europa.eu/public/extensions/ AMC2 Dashboard/AMC2 Dashboard.html#eu-
consumption-tab

Antibiotic categories (codes): Total systemic antibiotics: J01, tetracyclines: J01A, amphenicols:
JO1B, penicillin group (all): JO1C, broad spectrum, beta-lactamase susceptible penicillin: JO1CA,
narrow spectrum, beta-lactamase susceptible penicillin: JO1CE, narrow spectrum, beta-lactamase
resistant, narrow spectrum penicillin: JOCF, broad spectrum, beta-lactamase resistant combination
penicillin: JO1CR, cephalosporin: J01D, sulfonamides: JO1E, macrolides and lincomycin: JO1F,
aminoglycosides: JO1G, quinolones: JO1M, antibiotic combinations: JO1R, other antibiotics: JO1X,
which includes glycopeptides, polymyxines, steroid antibacterials, imidazole derivates,
nitrofurantoin derivates, fusidic acid etc. The average yearly total antibiotic consumption (J01, in
DID) was calculated as 587. 226 DID for the 30 countries. The highest consumption was reported from
the UK (41.961 DID), and the lowest from the Netherlands (9.917). Several differences in antibiotic
consumption were observed across European countries. The Nordic countries preferred different
narrow-spectrum penicillins, whereas in the Mediterranean countries, broad-spectrum antibiotics
were predominantly used (Table 1). To develop the antibiotic database for comparison, we calculated
the relative share of antibiotic consumption across different classes from the total amount (J01, DID)
and expressed it as a percentage (%). Antibiotic groups of very low consumption (below 0.5 DID/year:
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amphenicols /J01B/ and combinations /J01R/) were left out of the calculation. The remaining amount
covered the 99,87% of the average total yearly consumption. The database on the incidence rate of
IBD in 2021 was extracted from the Global Burden of Disease (GBD) study 2021, and the age-
standardized incidence rate/100,000 inhabitants (ASIR) for 2021, as reported by Chen L et al. The
database included data on young people aged 15-39 years, for whom IBD occurs more frequently (12,
13). The results were featured in Table 1. The highest incidence of IBD (age-stratified incidence rate:
ASIR 2021) among young people was reported in the Netherlands (28.5/100000 inhabitants), and the
lowest in Romania (2.5/100000 inhabitants). The results were categorized into three ordinal groups
(low, medium, and high incidence) based on tertiles of the overall distribution: Group 1 = IBD
incidence < 9.867, Group 2 = IBD incidence >= 9.867 and < 17.067, and Group 3 = IBD incidence >=
17.067. Statistics: Pearson correlation coefficients were first calculated to assess the bivariate
relationships between each antibiotic class and IBD incidence. Ordinal logistic regression was
performed to model the association between antibiotic class proportions and IBD incidence category.
Each antibiotic class was entered separately into the model as a continuous independent variable.
This approach was chosen to avoid multicollinearity among antibiotic courses, as these variables
represent mutually dependent components of total antibiotic consumption. A positive association
indicated higher odds of belonging to a higher IBD-incidence category with increasing antibiotic
consumption, whereas a negative association indicated higher odds of belonging to a lower IBD-
incidence category. The regression models estimated odds ratios (OR) with corresponding 95%
confidence intervals (95% CI) and p-values. Non-parametric tests were used due to violations of
normality and homogeneity of variance, as assessed by the Shapiro-Wilk and Levene’s tests.
Therefore, differences in antibiotic consumption patterns across IBD incidence categories were
examined using the Kruskal-Wallis test, followed by Dunn’s test with the Dwass-Steel-Critchlow-
Fligner (DSCF) correction for pairwise post-hoc comparisons. Model performance was evaluated
using likelihood-ratio tests, and the proportional odds assumption was checked where applicable.
Statistical significance was set at p < 0.05. Pearson correlation coefficients were reported alongside
regression outputs and the results of the non-parametric tests for comparative interpretation. All
analyses were performed using Jamovi (version 2.3.28.0) statistical software.

5. Results

In the 30 European countries analyzed, average annual antibiotic consumption varied
considerably by class. Pearson correlation analyses identified positive associations between the
proportional use of tetracyclines (JO1A, r = 0.519, p = 0.003), narrow spectrum, beta-lactamase—
sensitive penicillin (JO1CE, r = 0.465, p = 0.010), narrow spectrum, beta-lactamase-resistant penicillin
(JO1CF, r = 0.503, p = 0.005), and sulfonamides (JO1E, r = 0.424, p = 0.020) with IBD incidence. In
contrast, cephalosporins (JO1D, r = -0.478, p = 0.008), macrolides (JO1F, r = —0.337, p = 0.068),
aminoglycosides (JO1G, r = -0.524, p = 0.003), and quinolones (JOIM, r = -0.452, p = 0.012)
demonstrated inverse correlations. Other antibiotic classes did not show significant associations
(Table 1).

The results of univariate ordinal logistic regression analyses paralleled these patterns. Higher
consumptions of tetracycline: JO1A (OR = 1.215, 95% CI [1.074-1.412]), narrow-spectrum, beta-
lactamase-sensitive penicillin: JOICE (OR = 1.223, 95% CI [1.065-1.513]), narrow-spectrum, beta-
lactamase resistant penicillin: JO1CF (OR = 1.715, 95% CI [1.234-2.779]) and sulfonamides: JO1E (OR =
1.555, 95% CI [1.062-2.399]) were associated with increased odds of belonging to higher IBD-incidence
categories, respectively. On the other hand, higher consumptions of cephalosporin: J01D (OR = 0.843,
95% CI [0.742-0.943]), macrolides: JO1F (OR = 0.795, 95% CI [0.652-0.936]), aminoglycosides: J01G (OR
= 0.041, 95% CI [0.002-0.314]), and quinolones: JO1IM (OR = 0.772, 95% CI [0.609-0.944]) were
associated with lower odds of higher IBD incidence. (Table 1.) These trends were visualized in a forest
plot summarizing odds ratios and 95% confidence intervals across all antibiotic classes (Figure 1) and
in diagrams (Figure 2-3).
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Non-parametric Kruskal-Wallis tests confirmed significant differences in antibiotic
consumption across IBD incidence categories for multiple classes, including J01A, J0O1C, JO1CE, JO1CF,
JO1CR, J01D, JO1E, and J01 G. Post-hoc pairwise comparisons using the DSCF method revealed that
the most significant differences were between low- vs high-incidence groups (G1 vs G3) and medium-
vs high-incidence groups (G2 vs G3) (Table 1). For example, JO1A consumption differed significantly
between G1 and G3 (p = 0.018) and G2 vs G3 (p = 0.006), while JO1CF showed differences between G1
vs G2 (p =0.034) and G2 vs G3 (p = 0.003).

Overall, results demonstrate a consistent pattern: certain antibiotic classes, particularly those
targeting Gram-positive bacteria, were positively associated with higher IBD incidence, whereas
classes with broader Gram-negative activity were inversely associated, with some overlap.

Table 1. The average total yearly systemic antibiotic consumption (J01, 2004-2023, 20 years) expressed in defined
daily dose/1000 inhabitants/day (DID) in 30 European countries, and the consumption of antibiotic classes is
described as a relative share in percentage (%) of the total systemic consumption (JO1) with the IBD age-

standardized incidence rates (ASIR). The table also shows the results of the statistical analyses.

IBD
Average, yearly antibiotic consumption (2004-2023, 20 years) expressed in defined daily dose/1000 incidenc
inhabitants/day (did) in 30 European countries. o
Countries ]01 ]lA % ]OICO/O ]0:([)/CA ]O;CE JOZ/CF JOi/CR ]OlDo/o ]OlEo/o ]OlFo/o ]01G°/0]01M°/0]01X0/0 23;1R

Austria 10.193 3.726 47.435 8219 4.060 0.704 34.880 15.933 2.519 18.670 0.245 7.291 4.209 13.600
Belgium 22.537 8.829 45.889 19.787 0.442 1.599 24.086 8.575 1.169 14.330 0.208 10.307 11.520 12.300
Bulgaria 20.213 10.362 29.583 17.131 1.446 0.002 10.877 21.720 4.276 19.338 1.500 14.033 0.548 9.000
Croatia 19.808 6.391 41.336 11.226 5.069 0.558 24.391 17.831 4.338 15.972 0.517 8.289 5.700 9.400
Cyprus 26.50011.637 35.256 10.078 0.339 0.154 25.226 21.249 1.060 11.368 0.367 17.340 2.358 11.900
Czech Rep.15.627 11.237 35.439 4.541 8.542 0.828 21.537 14.952 5.414 20.147 0.433 3.742 7.362 24.000
Denmark 16.540 9.734 61.570 20.188 27.733 9.239 4432 1877 4916 12.079 0.316 3.534 4.794 19.900
Estonia 11.716 15.600 32.813 16.051 2.062 1.489 13.699 12.355 4.429 19.962 0.684 8.246 5.605 4.600
Finland 17.484 21.589 28.447 15.068 7.685 0.850 4.848 16.004 7.263 7.443 0.095 5.646 12.290 18.400
France 24.836 13.069 49.806 28.256 0.678 1.251 19.963 9.563 1.964 14.346 0.376 7.697 2.935 13.900
Germany 12.928 16.406 34.990 18.489 5271 0.427 10.796 17.491 4.932 15.880 0.204 5966 4.118 25.000
Greece 32505 7.737 28.884 12497 1.335 0.038 15.007 23.814 1.198 25229 1.716 8.448 2946 4.800
Hungary 14.754 8.964 33.696 8.003 2.890 0.004 24.380 14.905 4.175 21.737 0.406 14.421 1.978 18.000
Iceland 19.202 25.577 47.629 18.816 10.831 6.115 11.867 4.022 4591 7.617 0.371 4.035 5.796 21.000
Ireland 20.689 15.021 45.876 15274 4.588 6.562 19.369 7.118 4979 18.766 0.398 4.016 3.094 17.000
Italy 22.860 2.550 43.891 11.437 0.009 0.086 31.530 11.536 3.014 20.022 0.474 13.645 3.943 8.300

Latvia 13.16218.965 36.168 22988 0.808 0.449 12.083 9.310 5.799 Tlf)jl 1.426 8972 6.434 4.800
Lithuania 16.412 9.961 46.183 29.731 5.427 0.478 11.259 10.986 2.348 11.881 1.255 6.555 10.531 5.900

Luxembour ), -\) 6315 38870 13.111 0305 0.884 24.022 17.585 1.659 16.466 0277 11190 6.398 15.900

Malta 19.815 8.114 36.043 3.125 0.627 0.884 31.406 20.561 1.674 19.062 1.272 11.324 4.117 10.100
Netherland
s

9.917 20.846 32.962 13.176 2.572 5.652 11919 2394 4.988 14.822 0.635 7.894 14.764 28.500

Norway 16.19517.996 40.831 13.521 22184 4.662 0.493 2307 4909 9.318 0.469 2940 21.368 21.000
Poland 22.22510.058 29.536 15.044 1.361 0.150 12.981 14.387 2.441 18.011 0.304 6.548 15.427 3.200
Portugal 19.290 4.563 45.254 10.305 0.558 2.824 30.814 12.061 2.625 15.865 0.353 10.093 6.421 10.300
Romania 25.095 3.963 45.695 15954 2534 2.172 25.031 18.764 3.176 13.387 1.088 12.848 0.823  2.500
Slovakia 20.805 8.237 32.417 6.135 7974 0.029 18.451 21.932 2.685 25.282 0.402 9.481 0.998 8.900
Slovenia 13.354 3.610 54.967 16.239 13.072 2.023 23.632 5.836 6.903 16.126 0.486 9.484 2.935 12.600
Spain  24.050 6.311 54.587 22.790 0.445 1.005 30.343 11.100 1.925 11.966 0.314 10.477 2.937 11.700
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Sweden 14.05220.911 48.537 8.712 25907 12.013 1941 2.790 3.679 5.000 0.163 6.356 12.449 21.100
UK 41.961 25.900 38.492 18.626 4.601 9.435 5.828 2.067 7.099 13.570 0.586 2.822 6.401 17.200

Pearson's 1 0519 0.112 -0.144 0.465 0503 -0.334 -0.478 0424 -0.337 -0.524 -0.452 0.310
P;f:ﬁ?: 0.003 0554 0447 0.010 0.005 0071 0.008 0.020 0.068 0.003 0.012 0.095
Odds ratio 1215 1.041 0966 1223 1.715 0934 0.843 1.555 0.795 0.041 0.772 1.165
054C1 1.074- 0.961- 0.869- 1.065- 1.234- 0.864- 0.742- 1.062- 0.652- 0.002- 0.609- 0.998-
° 1412 1131 1071 1513 2779 1.003 0.943 2.399 0.936 0314 0944 1407
p value 0.005 0331 0510 0.023 0.007 0068 0.005 0.031 0.011 0.008 0.019 0.072
Kruskal- 0.003 0.048 0924 0.002 0014 0.001 0.030 0.004 0114 0.010 0.006 0.096
Wallis p
Gég’s 0.893 0.041 0893 0322 0.034 0050 0285 0251 0404 0.022 0893 0997
PO?:’:OC Gégs 0.018 0.636 0972 0.011 0.041 0.041 0.060 0.018 0.165 0.027 0.011 0.220
Gégs 0.006 0285 0988 0.009 0.636 0.003 0165 0.018 0404 0988 0.027 0.103

Glossary: Antibiotic categories (ACT codes): Total systemic antibiotics: J01, tetracyclines: JO1A, penicillin group
(all): JOI1C, broad spectrum, penicillinase susceptible penicillin: JO1CA, narrow spectrum, penicillinase
susceptible penicillin: JO1CE, narrow spectrum, penicillinase resistant, narrow spectrum penicillin: JOCF, broad
spectrum, penicillinase resistant penicillin: JO1ICR, cephalosporines: J01D, sulfonamides: JO1E, macrolides and
lincomyecin: JO1F, aminoglycosides: ~ J01G, quinolones: JOIM, other antibiotics: J01X, which includes

glycopeptides, polymyxine, steroid antibacterial, imidazole derivates, nitrofurantoin derivates, etc.

101X% 0772 _L:%_.

JOIM% () 041 —e—

J01G% H@— 0.795

JO1F% —@— 1.555

JO1E% 0843 | ! ®

J01D% —o—
JO1CR% 0934 1.715
JO1CF% 1223 ®
JO1CE% 0.966 ——
JO1CA% —@— 1.041

J01C% H&— 1.9..

J1A% ——
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Figure 1. Forest plot showing the results (OR) of the ordinal regression model with the corresponding 95% CIL.
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Association between tetracycline consumption (JO1A %) and the
age-stratified incidence rate of IBD (ASIR, 2021)
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Figure 2. Positive association between tetracycline consumption and the prevalence of IBD (ASIR, 2021).

Association between cephalosporin consumption (J01D%)
and the age-stratified incidence rate of IBD (ASIR, 2021)
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Figure 3. Inverse association between cephalosporin consumption and the incidence of IBD (ASIR, 2021).
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Table 2. Rank order of the incidence of IBD (ASIR 2021) and the rank order distribution of the countries with
higher consumption of antibiotic classes with positive (JO1A, JO1CE, JO1E) and the low consumption of antibiotic
groups with negative statistical association (JO1D, JO1F, JOIM). The first 10 countries in the IBD rank order appear
(bold, bigger font) in the top 10 for positive consumption and the bottom 10 for negative association with
antibiotic classes. Seven countries are identical in the antibiotic groups with a positive statistical association, and

5-8 in the low-consumption groups with a negative association and higher IBD incidence.

Countrie ASIR Countrie J0O1A Countrie J0O1CE Countrie JO1E J01D Countrie JO1F Countrie JO1M

S 2021 S % S % S % Countries % S % S %
Netherla 25,90 27,73 _. 7,26 . 252 17,34
nds 28,5 UK 0 Denmark 3 Finland 3 Greece 23,814 Slovakia & Cyprus 0

25,57 25,90 7,09 ) 25,2 14,42
Germany 25  Iceland ; Sweden ,; UK 9 Slovakia 21,932 Greece 29 Hungary -~ |
Czechia 24 Finland 21;8 Norway 22;18 Slovenia 6’39 O Bulgaria 21,720 19183 231;7 Bulgaria 14é03

20,91 13,07 7! 20,1 13,64
Sweden 21,1 Sweden 019 Slovenia 3;) Latvia 5'99 Cyprus 21,249 Czechia :; Italy 356
Iceland 21 Netherla 20,84 Iceland 10,83 Czechia 541 Malta 20,561 Italy 200 Romania 1284

nds 6 1 4 22

18,96 . Netherla 4, . . 19,9 11,32

Norway 21 Latvia 5 Czechia 8,542 en dzr a 898 Romania 18,764 Estonia Malta

19,3 Luxembo 11,19
38 urg 0

10,47
7

10,30

17, 4,97
Denmark 19,9 Norway é99 Slovakia 7,974 Ireland '99 Croatia 17,831 Bulgaria

16,4 4,93 L 1
Finland 184 Germany 6é O Finland 7,685 Germany '293 u);irgrlbo 17,585 Malta 69;) Spain

Hungary 18  Estonia 15(')60 Lithuania 5,427 Denmark 4,691 Germany 17,491 Ireland 125 Belgium

UK 17,2  Ireland 15102 Germany 5,271 Norway 4’990 Finland 16,004 Austria 1;3(')6 Portugal 105;09

1593 Poland 1fio Slovenia 9,484

Ireland 17 France 1?;06 Croatia 5,069 Iceland 4,591 Austria

Luxembo o5 cyprus 1% UK 4,601 Estonia 4429 Czechia 1475 LWXembo 164 o\ e 9481
urg 7 2 urg 66
. 11,23 . 14,90 16,1 .
France 13,9 Czechia " Ireland 4,588 Croatia 4,338 Hungary 5 Slovenia 26 Latvia 8,972
10,3 i i 14,38 . 15,
Austria 13,6 Bulgaria 0,36 Austria 4,060 Bulgaria 4,276 Poland ” Croatia ;)29 Greece 8,448
1 1 1
Slovenia 12,6 Poland OéOS Hungary 2,890 Hungary 4,175 Estonia 2535 Germany 85(’)8 Croatia 8,289
Lithuani herl 1 1
Belgium 12,3 ithuani 9,961 Netherla 2,572 Sweden 3,679 Portugal 2,06 o8 Estonia 8,246
a nds 1 Portugal 65

11,53 Netherla 14,8 Netherla

Cyprus 11,9 Denmark 9,734 Romania 2,534 Romania 3,176 Italy 6 nds 22 nds

7,894

11,1 14,3
Spain 11,7 Hungary 8,964 Estonia 2,062 Italy 3,014 Spain 0 France France 7,697

0 46
. . . . . 10,98 14,3 .
Portugal 10,3 Belgium 8,829 Bulgaria 1,446 Slovakia 2,685 Lithuania . Austria 7,291
6 Belgium 30
Luxembo 13,5 _ . .
Malta 10,1 urg 8,312 Poland 1,361 Portugal 2,625 France 9,563 UK 70 Lithuania 6,555

Croatia 9,4 Slovakia 8,237 Greece 1,335 Austria 2,519 Latvia 9,310 Romania 15’73 Poland 6,548

12,7
Bulgaria 9 Malta 8,114 Latvia 0,808 Poland 2,441 Belgium 8,575 Latvia 1(’) Sweden 6,356

Slovakia 8,9 Greece 7,737 France 0,678 Lithuania?2,348 Ireland 7,118 Denmark 172;) Germany 5,966

Italy 8,3 Croatia 6,391 Malta 0,627 France 1,964 Slovenia 5,836 Spain 161é9 Finland 5,646
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Lith i 11
tthuani 59 Spain 6,311 Portugal 0,558 Spain 1,925 Iceland 4,022 Lithuania 8 Iceland 4,035

a 81

Greece 4,8 Portugal 4563 Spain 0,445 Malta 1,674 Sweden 2,790 Cyprus 161é3 Ireland 4,016

Luxembo Netherla

9,31 .
Latvia 4,8 Romania 3,963 Belgium 0,442 1,659 2,394 Norway Czechia 3,742
urg nds 8

7,61
Estonia 4,6 Austria 3,726 Cyprus 0,339 Greece 1,198 Norway 2,307 Iceland '76 Denmark 3,534

L 7,44
Poland 372 Slovenia 3,610 u’l‘fgnbo 0,305 Belgium 1,169 UK 2,067 Finland "/," Norway 2,940

Denmar 5,00

Romania 2,5 Italy 2,550 Italy 0,009 Cyprus 1,060 K 1,877 Sweden ’0 UK 2,822

6. Discussion

The possible role of the gut microbiome in the development of inflammatory bowel diseases
(IBD) was first raised over 20 years ago through the process of dysbiosis, an imbalance of gut bacteria
that leads to reduced diversity and an increase in pro-inflammatory microbes (14). Early efforts to
correct microbiome composition through fecal microbiota transplantation and achieve clinical
remission had also been reported (15). The role of the gut microbiota in the establishment and
maintenance of health, and in the pathogenesis of different diseases, including IBD, has also been
identified over the past two decades. The gut microbiota interacts with the host through metabolites,
small molecules produced as intermediates or end products of microbial metabolism. These
metabolites can arise from bacterial metabolism of dietary substrates, modification of host molecules,
such as bile acids, or directly from bacteria (16). In healthy adults, Firmicutes and Bacteroidetes are
the predominant phyla in the intestines, with Proteobacteria and Actinobacteria accounting for the
majority of the remaining bacteria (17). The possible roles of viruses and plant metabolites have also
been considered (18). The most crucial change observed in IBD-related dysbiosis is the significant
reduction of the diversity of microbiome, with the decrease in taxa with anti-inflammatory or
protective properties like Lachnospiraceae, Bifidobacterium, Faecalibacterium prausnitzii, Roseburia
species, Bacteroides, and the proliferation of the pro-inflammatory Proteobacteria, Fusobacterium
species, and Ruminococcus gnavus species has also been observed. Biopsy specimens from the ileum
and the rectum showed similar dysbiosis, but the biopsy and fecal isolates were not identical (19).
Firmicutes and Bacteroides, together, constitute approximately 90% of gut microbiota and are key
producers of short-chain fatty acids (SCFAs). Bacterial ‘dysbiosis’ in IBD has been typically
characterized by an increased ratio of potentially pathogenic to beneficial bacteria and lower overall
diversity. Recently, the focus of microbiome research has shifted from microbial composition to the
functional properties of specific bacterial species and strains. Comprehensive multi-omics
investigations have elucidated the composition of bacterial species and their metabolic profiles in
patients with IBD, enabling more accurate detection of alterations in bacterial ecology that coincide
with disease initiation and progression. An extensive, detailed review summarizes the roles of
different microbial metabolites and their interactions with the immune system (20). A multi-omics
study of UC patients indicated that B. vulgatus proteases are associated with UC disease activity, and
this observation has also been confirmed in animal experiments (21). The mechanisms by which the
microbiota damages the intestinal epithelial barrier are complex and remain a subject of study (22).
Several risk factors are considered for the development of IBD. However, the decisive role in the
development of IBD is the modification of the microbiome, because external factors can induce
dysbiosis, which may act as a "risk factor” for IBD or have a "protective" effect against its development
(23). The crucial role of the microbiome in the development of IBD or in the amelioration of symptoms
is further supported by fecal microbiota transfer (FMT) experiments (24). Fecal microbiota
transplantation from healthy donors induced clinical remission and endoscopic improvement in
active ulcerative colitis (UC) and is associated with distinct microbial changes that relate to outcome
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(25). The clinical symptoms of Crohn's disease had also been ameliorated after using FMT (26). By
restoring microbial diversity and correcting dysbiosis, FMT offers a novel, microbiota-targeted
alternative to conventional therapies. While data support its efficacy in improving disease remission,
variability in outcomes underscores the need for standardized protocols and additional large-scale,
controlled studies (27). The role of antibiotics in the development of IBD and their use as therapeutic
agents are controversial. A combination of amoxicillin, metronidazole, and tetracycline was reported
to be beneficial in a limited number of steroid-resistant UC patients without a control group (28, 29).
An extensive study from Denmark reported that antibiotic use is a risk factor, with practically all
antibiotic classes identified as risk factors, except nitrofurantoin. A meta-analysis of publications
reporting on the association of antibiotic use and the development of IBD confirmed that antibiotic
exposure could be considered a risk factor for IBD. This study was based on prescription analyses
and questionnaires. They concluded that almost all antibiotic classes were associated with increased
IBD risk, and the extent of the risk varied across classes (30). Recent reports indicate a significant shift
in healthy gut flora even before IBD diagnosis (31). These changes include a general decrease in
microbial diversity, a reduction in beneficial bacteria like Faecalibacterium and Ruminococcaceae,
and an increase in potentially harmful bacteria such as Enterobacteriaceae and Fusobacterium (32).
1. Conclusion

The role of the altered microbiome (dysbiosis) in the development of various diseases,
including IBD, is well known and has been reported in several publications, as included in the
references. The most significant microbiome-disrupting agents that cause dysbiosis are antibiotics,
which enter the human body either as therapeutic agents or as environmental pollutants through
drinking water or the food chain. Our research focused on identifying potential antibiotic classes
associated with higher or lower IBD incidence and on estimating their possible role in IBD
development across 30 European countries. The results of our statistical analysis were further
strengthened by the observation that the list of the countries with the highest top 10 of IBD prevalence
showed similar rank order (7 out of 10), with the rank order of the antibiotic classes showing positive
associations, and the lowest 10 consumption group of the antibiotic classes showing negative
associations (5-8 out of 10) (Table 2.). Our findings highlight the possibility that antibiotic
consumption patterns from 30 European countries might influence the incidence of IBD.

Limitations of our study: Our comparative analysis of antibiotic consumption and IBD
prevalence cannot be interpreted at the individual level because we lacked individual-level data on
antibiotic use.

Strength of the study: The comparison of large databases and the extensive statistical analysis
of the results clearly indicate that antibiotic consumption patterns may drive IBD development by
altering the microbiome.
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