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Background: The Faroe Islands has the world’s highest incidence of inflammatory bowel disease (IBD). Epidemiological studies have character-
ized this unique cohort and a decreased risk of developing IBD with emigration. Therefore, this well-characterized Faroese IBD cohort gives the 
opportunity to better understand this complex disease. This study represents the first investigation of the gut microbiota for the cohort.
Methods: This cross-sectional study consisted of 41 patients with established ulcerative colitis and 144 age- and sex-matched healthy controls 
recruited through the Faroe Genome project. Participants donated a 1-time fecal sample and completed questionnaires on food frequency, back-
ground health, and lifestyle. 16S rRNA amplicon sequencing of the V3-V4 region was performed followed by bioinformatic analysis of taxonomy 
and diversity metrics.
Results: The overall bacterial composition in both groups was dominated by Firmicutes and Bacteroidetes. No significant differences were found 
based on metrics of alpha or beta diversity. However, discriminatory analysis identified differential abundance of several indicator taxa in healthy 
controls and ulcerative colitis participants, whereas Akkermansia was completely absent from 27% of all study participants. Food frequency 
questionnaires revealed similar dietary patterns between the 2 groups.
Conclusion: The similarity in bacterial community composition and absence of the beneficial Akkermansia genus in both groups raise further 
questions concerning the underlying susceptibility toward inflammatory disorders within this high-risk population. Results vary widely by study 
design and geographic location, which speaks to the need for regionally tuned reference groups and disease-based studies on the Faroe Islands.

Lay Summary 
The Faroe Islands has the world’s highest incidence of IBD. This is the first investigation characterizing gut microbiota for this unique cohort. No 
significant differences were found between ulcerative colitis and healthy controls based on alpha or beta diversity.
Key Words: ulcerative colitis, Faroe Islands, isolated population, gut microbiota, gut microbiome

Introduction
Inflammatory bowel disease (IBD) is generally accepted to re-
sult from a complex relationship between genetic susceptibility, 
environmental factors, and alterations in the intestinal micro-
biota. The global incidence and prevalence of noncommunicable 
inflammatory diseases, including IBD, has steadily increased 
since the 1970s and is considered to be linked to societal indus-
trialization, including changes in lifestyle and diet.1-3

The Faroe Islands constitute a unique genetically and 
geographically isolated population located in the North 
Atlantic Ocean. Previous epidemiological studies have 
found the worldwide highest incidence rate of IBD in the 
Faroe Islands at 80 per 100 000 person-years.4,5 Ulcerative 
colitis (UC) is the predominant phenotype with an inci-
dence estimate at 39 per 100 000 person-years compared 
with the incidence rate of IBD unclassified at 32 per 100 000 
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person-year and Crohn’s Disease at 10 per 100 000 person-
years.4–6 The foundation for IBD research within the Faroese 
population is a nationwide IBD patient cohort that includes 
all IBD patients diagnosed with UC, Crohn’s Disease and 
IBD unclassified since 1960.7 Despite high familial aggrega-
tion of IBD,8 the Faroese population has not always been at 
high risk of IBD. A study covering 60 years of the Faroese 
IBD cohort reported an approximately 14-fold increase in 
the IBD incidence during the study period.4 Furthermore, 
Faroese immigrants to Denmark show a decreased risk of 
developing UC over time, which highlights the potential 
influence of environmental factors on disease risk in this 
unique population.9

The complexity of understanding the molecular under-
pinning of IBD is further highlighted by the variability seen 
with respect to the intestinal microbiota. Shifts in the balance 
between commensal beneficial bacteria and opportunistic 
pathogenic bacteria, referred to as dysbiosis, are well docu-
mented by extensively reviewed IBD studies.1, 10 Decrease in 
alpha diversity and separate clustering of the intestinal micro-
biota are common findings in fecal samples from IBD com-
pared with healthy controls (HCs).1 However, conclusions 
based on dysbiosis status are difficult to generalize because 
study results vary widely,11 especially regarding potential in-
dicator taxa.12, 13 Geographic location and ethnic background 
have been suggested to have a stronger influence on the mi-
crobial community structure than disease status.14 Therefore, 
studying isolated populations with a high occurrence of IBD 
is a unique opportunity to understand the interaction between 
genetics and environment, which is an a priori condition for 
disease manifestation.

Aim
The aim of this study was to generate an initial dataset 
describing the bacterial composition of the gut microbiota 
among a subset of patients from the Faroese IBD cohort and 
from individuals without IBD from the background popula-
tion. To date, no studies have characterized the microbiota 
of the Faroese population. This dataset thus provides a first 
look that can direct further microbiota-related investigations 
within this population and adds a deeper insight into this 
epidemiologically well-characterized IBD cohort.

Materials and Methods
Study Design
This cross-sectional observational study compared patients 
with established UC (n = 41) with HC individuals (n = 144). 
Only UC patients were included in order to focus on the pre-
dominate IBD phenotype within the Faroese cohort.

Recruitment
HC participants were matched and recruited by the Faroese 
Genome project under the authority of the Genetic Biobank 
of the Faroe Islands. UC patients were identified from the 
PROGENY-based IBD cohort database maintained by the re-
sponsible clinician at the gastroenterology outpatient clinic 
at the National Hospital of the Faroe Islands. Extent of 
disease for the included UC participants was registered by the 
Montreal classifications as E1 (rectum), E2 (distal to splenic 
flexure), or E3 (proximal to splenic flexure).15

Both groups were recruited by an invitation letter sent to 
their home address. Some additional UC patients were re-
cruited at routine clinical consultations. Following written 
consent, participants received a collection kit and corres-
ponding questionnaires to return by mail to the Genetic 
Biobank of the Faroe Islands. Recruitment and sample collec-
tion occurred from October 2018 to June 2019.

Inclusion Criteria
All recruited patients met the Copenhagen Diagnostic Criteria 
for UC with disease diagnosed by endoscopy and verified by 
histology.16 Genealogical information, clinical information 
concerning disease history, medications, and extraintestinal 
disease manifestations, and epidemiological information were 
curated in the PROGENY database at Genetic Biobank of the 
Faroe Islands (Table 1).

All participants resided on the Faroe Islands at the time of 
recruitment and had at least 1 parent of Faroese origin. Age 
was restricted to older than 18 years at recruitment and 18-40 
years at diagnosis. No participant had consumed antibiotics 
within 3 months prior to sample collection. Participants 
who had consumed probiotics, prebiotics, or other supple-
ments were not excluded, but consumption was registered by 
questionnaire as described in the following section. HCs had 
no diagnosed gastrointestinal, rheumatological, or dermato-
logical diseases. No UC patients had undergone colectomy. 
To create 2 cohorts with similar age and sex distributions, 
UC patients were matched with HCs based on current age 
and sex.

Cohort Questionnaires
All study participants completed questionnaires regarding 
family history of immune-mediated diseases (asthma, psor-
iasis, heart disease, etc.), details about their childhood (breast-
fed, exposure to passive smoking, family pets, childhood 
residency, etc.), employment history, time spent living abroad, 
physical activities, body mass index (BMI), and smoking 
status.

In addition, all participants were asked to complete a food 
frequency questionnaire (FFQ), developed in consultation 
with a clinical nutritionist, regarding their diet during the 
week prior to fecal sample collection. The FFQ consisted of 
a finite list of foods and beverages, including consumption of 
traditional Faroese foods, such as fermented lamb, dried fish, 
pilot whale meat, and blubber. Questions regarding use of 
antibiotics, probiotics, vitamins, or other supplements during 
the past 3 months were also included. Responses to the FFQ 
were recorded as 0 (have not consumed in the past week), 
1 (consumed 4-7 days ago), 2 (consumed 2-3 days ago), 3 
(consumed once yesterday), or 4 (consumed more than once 
yesterday/daily).

UC patients also completed the Simple Clinical Colitis 
Activity Index (SCCAI) survey at the time of sample collec-
tion to estimate disease activity.

Sample Collection and Storage
The OMNIgene∙Gut Stool Microbiome Kit from DNA 
Genotek was used to collect and stabilize the fecal sample. 
Fecal microbiota samples collected with the OMNIgene∙Gut 
kit have shown to closely resemble that of immediately 
frozen samples and allow for sample return without a cold 
chain.17 Sample aliquots were stored at −20 oC until DNA 
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extraction. As part of processing, stabilization media from an 
unused OMNIgene∙Gut kit was routinely stored for parallel 
processing as a negative control.

Sequencing Library Preparation
DNA was extracted using the DNeasy PowerSoil Pro kit 
from Qiagen according to the manufacturer’s recommenda-
tions, which include a bead beading step to ensure bacterial 
cell lysis and a polymerase chain reaction (PCR) inhibitor re-
moval step. DNA was eluted in sterile 10 mM Tris-Cl, pH 8.5, 
and quantified by Qubit. Sterile stabilizing liquid from un-
used OMNIgene∙Gut kits was routinely processed as a nega-
tive control along with processing of returned fecal samples.

The Zymo Quick 16S library prep kit was used to first amp-
lify the V3-V4 region using primers based on the Klindworth 
V3-V4 341F and 785R primer set18 followed by magnetic 
bead cleanup and dual index barcoding. Library preparation 
was performed using quantitative polymerase chain reac-
tion (qPCR) , which allowed each individual amplicon and 
indexing PCR reaction to be visually verified for successful 
amplification and index attachment and quantification prior 
to pooling. The integrity of select libraries was verified by 
Agilent Bioanalyzer. Libraries for negative controls as well 
as Zymo mock community positive controls were prepared 
along with experimental samples.

Sequencing
A total 192 samples, including 2 negative controls, 2 Zymo 
mock communities, and 3 technical controls, were pooled and 
sequenced at a final loading concentration of 7.4 pM with 
30% PhiX on an Illumina MiSeq using the V3-600 cycle re-
agent kit. All library preparations and sequencing were per-
formed at iNOVA Research Park, Tórshavn, Faroe Islands.

Sequence Preprocessing
Sequencing resulted in a total number of 8 694 870 reads, 
with 4 158 271 reads generated after quality filtering from 
192 samples, including the negative and positive controls. An 
average of 48% of raw reads per sample remained after filter 
trimming and removal of chimeras.

The 2 negative controls had 0 and 2 reads, respectively, 
after quality filtering, indicating no systematic contamin-
ation in the data set. To identify putative contaminants amp-
lified in samples with low DNA concentration, we applied 
the frequency method (threshold 0.1) of package decontam 
and excluded 11 amplicon sequence variants (ASVs) from the 
data set.19 There were 410 ASVs manually filtered out in add-
ition. Manual filtering concerned the following ASVs: ASVs 
classified no further than class level, ASVs not classified as 
Bacteria (kingdom), and ASVs belonging to either the phylum 
Cyanobacteria or the order Rhodospirillales.

Three samples were removed due to low read count. 
Rarefication curves verify that all included samples contained 
more than 10 000 reads after quality filtering and contam-
inant removal and that no further ASVs would be detected 
with additional reads (Supplementary Figure 1). The final 
data set comprised 13 386 ASVs in 185 samples.

Two mock community samples were sequenced as positive 
controls. These samples contained bacterial species as well as 
yeast species in defined abundances. The results reflected the 
expected taxa and relative abundance, and no yeast taxa were 
identified, highlighting the quality of the data (Supplementary 

Table 1. Demographic and clinical characteristics of UC patients and HCs

 UC (%) HCs (%) Total (%) 

Total 41 (22) 144 (78) 185 (100)

Sex

  Male 18 (44) 57 (40) 75 (40)

  Female 23 (56) 87 (60) 110 (60)

Age

  Mean age at inclu-
sion (SDa; y)

48 55 53

  Mean BMI  
(SDa; kg/m2)

26.4 25.4 25.7

Smoking

  Current 7 (17) 23 (16) 30 (16)

  Former 10 (24) 42 (29) 52 (28)

  Never 24 (59) 79 (55) 103 (56)

Participant reported co-morbidities

  None 25 (61) 121 (84) 146 (79)

  Asthma 0 (0) 0 (0) 0 (0)

  Heart disease 4 (10) 0 (0) 4 (2)

  Peripheral joint pain/
arthritis

2 (5) 3 (2) 5 (3)

  Axial joint pian/
arthritis

3 (7) 0 (0) 3 (2)

  Psoriasis 5 (12) 4 (3) 9 (5)

  Diabetes 2 (5) 0 (0) 2 (1)

Immune-related diseases in family members

  Asthma 4 (10) 20 (14) 24 (13)

  Heart disease 16 (39) 38 (26) 54 (29)

  Peripheral joint pain/
arthritis

11 (27) 27 (19) 38 (21)

  Axial joint pain/
arthritis

3 (7) 5 (4) 8 (4)

  Psoriasis 10 (24) 22 (15) 32 (17)

  Diabetes 11 (27) 34 (24) 45 (24)

Mean age at UC diag-
nosis (SDa, y)

27 – –

UC disease duration 
(IQRb, y)

19,5 (10–30.5) – –

UC extent – –

  E1, proctitis 22 (54)

  E2, left-sided 9 (22)

  E3, extensive 10 (24)

UC disease activity – –

  Active 17 (42)

  Remission 24 (59)

  Previous abdominal 
surgery

0 – –

Medical treatment – –

  None 3 (7)

  5-ASA 38 (90)

  Immunosuppressants 22 (54)

  Biological 9 (22)

  Combination therapy 22 (54)

Abbreviations: BMI, body mass index; E1, rectum; E2, distal to splenic 
flexure; E3, proximal to splenic flexure; HCs, healthy controls; IQR, 
interquartile range; UC, ulcerative colitis; 5-ASA, 5-Amino-salacylic acid.
aMean (SD).
bMedian (IQR).
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Figure 2). Taken together, the mock community controls and 
rarefaction plots show that the data can be considered bio-
logically representative.

Statistical Analyses
Statistical analyses were performed in R (version 4.0.1).20 
The package phyloseq (version 1.32.0)21 was used to inte-
grate the ASV count table, taxonomy, and metadata. The 
results were visualized with the packages ggplot2 (version 
3.3.1.)22 and metacoder (version 0.3.4).23 Bacterial alpha 
diversity was calculated from raw counts by the Shannon 
index. To compare alpha diversity between groups (UC vs 
HC, sex, smoking status, medication, extent of disease), 
Kruskal-Wallis tests and pairwise Wilcoxon rank sum tests 
with Benjamini-Hochberg correction for multiple testing 
were performed. Pearson’s product moment-correlation 
was calculated between Shannon diversity and continuous 
variables (age at sampling time point, age at onset, SCCAI 
score, BMI).

To assess whether the community composition differed 
between UC patients and HCs (beta diversity), principal co-
ordinates analysis was performed on Hellinger transformed 
count data based on Bray-Curtis dissimilarity (using package 
phyloseq). Analysis of similarities from package vegan (ver-
sion 2.5.6.)24 was subsequently used to determine significant 
differences in beta diversity. Taxonomic heat trees based on 
relative abundance up to genus level were generated with the 
package metacoder.

To identify ASVs that are differentially abundant between 
UC patients and HCs, we applied DESeq2 (version 1.28.1)25 
on the 100 most abundant ASVs in the data set. In addition, 
we used a compositional method to assess whether groups 
of ASVs characterize the microbiota of UC patients and HCs 
(package selbal, version 0.1.0).26 Moreover, linear discrim-
inant analysis effect size (LefSe) was estimated on genus 
count data (top 50) normalized by cumulative sum scaling 
(package microbiomeMarker)27 to assess differentially abun-
dant taxa on several taxonomic levels (here, kingdom to 
genus).

Ethical Considerations
This study was approved by the Research Ethics Council of 
the Faroe Islands on June 14, 2018 and by the Faroese Data 
Protection Authority (18/00201#3) on August 31, 2018.

Results
Study Cohort
The study cohort included 185 participants, with 41 pa-
tients (22%) diagnosed with UC and 144 HCs (78%) (Table 
1). The sex distribution in the cohort was 40% males and 
60% females, and age distribution in the UC group and HC 
group was equivalent. Mean BMI was 25.7. A total 16% of 
the participants were current smokers, 28% former smokers, 
and 56% nonsmokers. Extent of disease for UC patients was 
54% diagnosed with E1, 22% with E2, and 24% with E3. 
For medication, 85% of the cohort was treated with 5-ASA, 
approximately 50% were receiving immunosuppressants or 
combination therapy, 25% were receiving biologics, and 4% 
were unmedicated. According to the SCCAI scores, 41% of 
the UC patients had active disease at the point of sample col-
lection while 59% were in remission.

Background questionnaires regarding immune-mediated 
diseases for cohort participants showed joint pain (9%-13% 
UC, 0%-3.5% HC) and/or psoriasis comorbidity (18.2% 
UC and 2.7% HC) for the cohort participants. Heart disease 
(11.4% UC) and diabetes (4.5% UC) were reported in the 
UC group but not the HC group. In first- and second-degree 
relatives, heart disease and diabetes were the most common 
reported diseases, followed by psoriasis, peripheral joint pain, 
and asthma. Psoriasis and peripheral joint pain were reported 
more frequently for family members of IBD participants, 
whereas more asthma was reported for family members of 
HCs. Statistics were not calculated for immune-mediated dis-
eases because these were self-reported data and not clinically 
verified.

Food Frequency
On the day of fecal collection, participants were required to 
report their eating habits over the previous week. Median and 
average frequency of consumption for each food item and 
supplement type were calculated for UC and HC groups as 
well as the total cohort (Supplementary Figure 3).

The results from the FFQ resembled a typical western 
diet, with high consumption of dairy, starch, meat, veget-
ables, fruits, coffee or tea, and sweets. No apparent differ-
ences were revealed in the pattern of eating habits between 
the study groups. Traditional Faroese foods were in the 
least frequently consumed food groups during the study 
period, whereas processed foods such as cold meat cuts, 
snacks, sweets, and high-starch foods were more common. 
Approximately 40% of the study participants consumed 
nutritional supplements, such as vitamin D, multivitamins, 
fish oil, magnesium, and other supplements daily; however, 
the UC patients consumed more supplements than the HC 
group. Four percent of the participants reported consump-
tion of probiotics but were not identified as outliers during 
data analysis.

Alpha Diversity
There was no significant difference in observed ASV rich-
ness or Shannon diversity between UC and HC groups 
(Figure 1). Further analysis related to the demographic char-
acteristics, sex, smoking, or BMI did not reveal any add-
itional separation regarding alpha-diversity between the HC 
and UC group. Shannon diversity was significantly posi-
tively correlated with age (at sampling) in the UC group 
(P-value  =  .02), but not in the HC group (Supplementary 
Figure 4). Comparing within the UC group based on disease 
activity, extent of disease or age of onset also resulted in 
similar alpha diversity with no significant differences be-
tween groups. However, patients with standard treatment 
had significantly lower Shannon diversity compared with 
patients with no treatment (P-value = .04) (Supplementary 
Figure 4).

Beta Diversity
Principal coordinates analysis plots of the Bray-Curtis dis-
similarity index were generated to address beta diversity. 
Following analysis of similarities testing, there were no signifi-
cant differences between UC and HC groups (Supplementary 
Figure 5).
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Taxonomical Classification of the Cohort
Relative abundance of the microbiota at family level is pre-
sented as a percent of total identified ASVs for each partici-
pant to show the variation between individuals in the entire 
cohort (Figure 2). To visualize the pattern associated with the 
entire cohort across multiple taxonomical levels, heat trees 
were constructed to show the relative abundance of taxa 
(down to genus level) by utilizing color and branch-size for 
each taxonomical unit (Supplementary Figure 6).

Because the diversity measurements showed no signifi-
cant difference between the UC and HC group, the following 
characterization of the taxonomical levels is representative 
of the combined UC and HC cohort. Firmicutes accounted 
for 64.5% of the total ASVs at phylum level (Supplementary 
Figure 7), with the highest abundance attributed to the 
Clostridia (57.9%) class. Lachnospiraceae (26.3%) and 
Ruminococcaceae (26.4%) represented the most abundant 
taxa at the family level.

At the genus level within these 2 families, Blautia (7.1%) 
was the most abundant within the family of Lachnospiraceae, 
followed by Agathobacter (3.7%), and Faecalibacterium 
(7%) was the most abundant genus within the family of 
Ruminococcaceae, followed by Ruminococcaceae_UCG 
(5.9%) and Ruminococcus (5.4%).

The second-most abundant phylum was Bacteroidetes 
(20.95%; Supplementary Figure 7). At the genus level, 
Bacteroides (10.2%), Prevotella_9 (3.9%), and Alistipes 
(1.7%) accounted for the majority of ASVs.

Actinobacteria accounted for 12% of the total ASVs, with 
Bifidobacterium (4%) and Collinsella (4%) as the majority 
at the genus level. Proteobacteria accounted for 2.8% of 
the total ASVs, with Sutterella (0.75%) at the genus level. 
Verrucomicrobia represented 1.2% of the total ASVs, exclu-
sively including the Akkermansia genus.

Presence/Absence of Taxa
Because there was no significant difference based on alpha and 
beta diversity between the HC and UC groups, we decided to 
sort the taxonomical tables based on presence/absence to ex-
plore if any taxa routinely associated with intestinal health 
were absent from both UC and HC groups as well as to detect 
the presence of pathogens, which might suggest intestinal in-
fection in both groups.

We found that 17 out of 41 (42%) UC samples and 33 out 
of 144 (23%) HC samples had 0 sequence reads assigned to 
the Akkermansia genus (Supplementary Figure 8), which is 
27% of all study participants.

ASVs assigned to the Escherichia/Shigella genera were iden-
tified in 21 out of 41 (51%) UC samples and 64 out of 144 
(45%) HC samples. ASVs assigned to the Klebsiella genus 
were identified in 2 UC samples (0.5%) and 11 HC samples 
(0.1%).

Indicator Taxa
We also performed 3 different discriminatory analyses to 
identify potential indicator taxa.

Mean relative abundances for significant taxa for the 
entire cohort were calculated by LefSe, determining dif-
ferentially abundant taxa between HC and UC. Statistics 
are shown in the supplemental data. The most noteworthy 
results showed that the whole Verrucomicrobia phylum, 
which exclusively consist of the Akkarmansia genus, was 
significantly increased in HC compared with UC (Figure 
3). Additionally, the LefSe plot and cladogram showed in-
creased abundance of Coprococcus, Rikenellaceae RC9 
gut group, Dialister, Veillonellaceae, and Lachnospiraceae 
ND3007 group in HC, and Ruminiclostridium was in-
creased in UC.

DESeq2 differential abundance analysis was performed on 
the top 100 most abundant ASVs. One specific ASV affiliated 
with Prevotella_9 was significantly higher in HC compared 
with UC (P < .05) (Figure 4).

To capture indicator taxa that rely on a network, we 
next used a selbal compositional analysis approach, which 
identifies groups of taxa whose abundance and impact 
depend on each other, rather than comparing taxa abun-
dance individually. Selbal analysis supports the differences 
highlighted by the LefSe plot and cladogram (Figure 3), 
with genus Coprococcus of the Lachnospiraceae family 
characterizing HCs and genus Ruminiclostridium of 
the Ruminococcaceae family characterizing UC patients 
(Supplementary Figure 9).

Discussion
In this descriptive cross-sectional study, we report the first 
fecal microbiota characterization of the Faroese IBD cohort 

Figure 1. Alpha diversity analysis of ulcerative colitis (UC) patients and healthy control (HC) participants. Within-sample diversity was measured by: A, 
richness and B, Shannon diversity. Kruskal-Wallis test was performed to analyze statistical significance. (Shannon index P-value = .99). No significant 
difference was found between the groups.
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and an HC group. To our knowledge, the composition of the 
gut microbiota and its impact on the overall health of the 
Faroese population has not previously been reported. This 
study was performed to gain appreciation of the architecture 
in gut microbiota within the Faroese background popula-
tion and to investigate if the UC group, the predominate IBD 
phenotype on the Faroe Islands, was characterized by a clear 
dysbiosis.

The average UC patient in our study was 41 years old 
with a mean disease duration of 17 years. The results from 
the FFQ revealed that UC and HC participants consumed a 
typical westernized diet with starches, sugars, and processed 
meats consumed daily. The similarity between the groups may 
be due to well-established disease with patients not experien-
cing food as connected to their disease management. On the 
phylum level, high-starch, low-fiber diets have been associated 

with higher abundance of Firmicutes than Bacteroidetes.1 
Our results are in line with those findings, and the overall 
characterization of the Faroese microbiota is similar to other 
Western European populations. Traditional Faroese foods 
such as whale and fermented meats were rarely consumed 
during the week prior to sample collection. Although it might 
be enlightening to follow the relationship between traditional 
Faroese foods and fecal microbiota over a longer timeframe, 
that is outside the scope of this study.

In this study, we did not find any significant differences 
in alpha or beta diversity between the UC and HC group. 
Reports of a decrease in alpha diversity in IBD patients and 
separate beta-diversity clustering has led to the assumption 
that this is the overall trend of HC and IBD.1, 28 However, 
there is no consensus on what characterizes a healthy vs a UC 
microbiota profile. A systematic review determined that only 

Figure 2. Stacked bar-chart showing relative abundance of the 10 overall most abundant taxonomical families in each participant at the family level. Data 
are presented as percent of total abundance.

Figure 3. A, Linear discriminant analysis effect size (LefSe) of significantly differentially abundant taxa markers in healthy controls (HCs) and ulcerative 
colitis patients (UC). The linear discriminant analysis score represents the influencing degree of the bacterial marker. B, Cladogram of significantly 
differentially abundant microbial taxa obtained using LefSe. Beginning in the middle of the cladogram, the taxa levels are shown for phylum, class, 
order, family, and genus of bacteria. White nodes mark taxa that were not significantly different between the 2 groups. Black nodes mark taxa with 
significantly different abundance between groups, HCs (grey), and UC (black).
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5 out of the 17 relevant studies (29.4%) reported a decrease 
in UC alpha diversity compared with an HC group.11 In our 
study, we also did not see a difference with respect to extent 
of disease or disease activity. However, we found diversity in-
creased with age and treatment. The small sample size makes 
it difficult to draw conclusions on clinical comparisons within 
the UC group.

Differential abundance and compositional analysis of in-
dicator taxa revealed a decreased abundance of the genera 
Prevotella and Coprococcus in UC compared with HC, and 
an increased abundance of the genus Ruminococcus. This 
is consistent with indicator taxa for IBD found in previous 
studies.29 The identified indicator taxa are primarily benefi-
cial commensal bacteria. Coprococcus and Ruminococcus 
belong to the Firmicutes phylum, which consists of anaer-
obic gram-positive bacteria with antiinflammatory proper-
ties. Prevotella is a genus in the Bacteroidetes phylum, which 
mainly includes commensal bacterium with antiinflammatory 
and health beneficial qualities.30 However, the role of 
Prevotella is debatable. Some studies find it to be benefi-
cial, whereas others find it to be associated with disease, 
exacerbating intestinal inflammation.31

Sorting the taxonomical tables based on presence/absence 
identified 42% UC samples and 23% of HC as having 0 reads 
of Akkermansia (Supplementary Figure 8), a species associ-
ated with mucosal renewal and intestinal barrier integrity 
that accounts for 1%-4% of the fecal microbiota in healthy 
cohorts.32, 33 The lack of Akkermansia may be an indication 
of a shared predisposition or tendency toward metabolic 
and intestinal dysfunction in the general Faroese population. 
Specifically, the background population may have reduced 
mucins available to act as an energy source for Akkermansia 
and thus have a deficit in the ability to maintain a protective 
mucus barrier in the intestines.32, 33 As shown by our LefSe ana-
lysis, the further reduction in Akkermansia associated with the 
UC group may be both partly causative and a consequence of 
the ongoing inflammatory process associated with UC.

In addition to Akkermansia, approximately 50% of the 
UC and HC samples contained ASVs assigned to potential 

pathobionts Escherichia/Shigella, commensal microbes that 
may act as pathogens in the context of environmental triggers 
in genetically susceptible hosts.34

Taken together, the similarity in our dataset and the lack 
of Akkermansia raises the question whether intestinal inflam-
mation is a hallmark that connects various immune-mediated 
and metabolic diseases within the general Faroese population 
through a genetic predisposition.

In addition to IBD, the Faroese population also holds the 
world’s highest incidence rates for several metabolic diseases: 
carnitine transport deficiency,35 glycogen storage disease 
type IIIA,36 and SUCLA2 deficiency.37 Exome sequencing 
has been performed by the Faroese Genome Project for all 
UC and HC participants included in this study and will be 
published as a companion study that includes analysis of 
disease phenotype and carrier frequency for these metabolic 
diseases.

In addition to the documented frequency of metabolic dis-
eases, the self-reporting of immune-related diseases in fam-
ilies of both UC and HC groups underscores the need for 
further investigations into inflammatory, rheumatic, and der-
matologic diseases, such as spondyloarthritis and psoriasis, 
for the Faroese population. Gut, skin, and joint inflamma-
tion is known to be interrelated with common genetic loci 
conferring disease susceptibility.1 Therefore, we expect the 
companion genetics study of our cohort to provide the first 
insights concerning if there is a shared genetic predispos-
ition to metabolic and inflammatory diseases for the Faroese 
population.

Recent international studies have shown geographic vari-
ation, latitude, and ethnic group to be significant contrib-
uting factors to the composition of the gut microbiota.14, 28, 38 
Because the Faroese population originates from a restricted 
and isolated genetic background in addition to a distinct geo-
graphic location, it is plausible that the influence of shared 
genetics and/or environment is a stronger determinant of bac-
terial composition than having a UC diagnosis.

Because this was a study with an exploratory nature, time 
of diagnosis was not the main priority and led to a study co-
hort where most of the included UC patients were not newly 
diagnosed. Following the successful establishment of the 
workflow and this initial cross-sectional study, a longitudinal 
study was initiated in 2021. The longitudinal study collects 
fecal samples and metadata from suspected IBD patients 
prior to first colonoscopy and follow them with repeated 
sampling if diagnosed with IBD. The compositions of the gut 
mycobiome, virome, and helminths may be investigated as 
well. These colonies exist in symbiosis with the bacteriome 
and affect the critical microbial functions in the gastrointes-
tinal tract. Studies have shown that the compositions of these 
biomes have an impact on the development of IBD.39, 40

Additionally, variations in study design, lack of standard-
ized methodology, and geographic location14 influence the re-
sults, which speaks to the need for reference groups limited 
to the Faroese community and disease-based experiments for 
high-risk populations, such as the Faroe Islands.

Conclusion
This study represents the first 16S rRNA amplicon sequencing 
data from the Faroese IBD and background population. The 
similarity in the gut microbiota from UC and HC samples 
within this study, as well as the absence of the beneficial taxon 

Figure 4. DESeq2 analysis comparing the 100 most abundant amplicon 
sequence variants (ASVs) in ulcerative colitis (UC) patients vs healthy 
controls (HCs) with a significance threshold of P-value < .05. DESeq2 
finds that ASV100, classified as Prevotella_9, is significantly more 
abundant in HCs compared with UC patients. Note: This was tested on 
ASV level and therefore does not apply to the entire genus of Prevotella.
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Akkermansia in both groups, is especially interesting. These 
results raise further questions concerning the underlying sus-
ceptibility toward inflammatory and metabolic disorders 
within this population.

To ensure compatibility between similar studies worldwide, 
a standardized methodology is necessary, because variations 
in study design, ethnicity, and geographic location impact 
final results. The need for limited Faroese reference groups 
and disease-based studies for high-risk populations, such as 
the Faroe Islands, is highlighted.

Supplementary Data
Supplementary data is available at Inflammatory Bowel 
Diseases online.
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