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Abstract

BACKGROUND

Ulcerative colitis (UC) is an immune-mediated chronic inflammatory condition
with a worldwide distribution. Although the etiology of this disease is still
unknown, the understanding of the role of the microbiota is becoming increas-
ingly strong.

AIM
To investigate the predictive power of the gut microbiota for the diagnosis of UC
in a cohort of newly diagnosed treatment-naive Saudi children with UC.

METHODS

The study population included 20 children with a confirmed diagnosis of UC and
20 healthy controls. Microbial DNA was extracted and sequenced, and shotgun
metagenomic analysis was performed for bacteria and bacteriophages. Biostat-
istics and bioinformatics demonstrated significant dysbiosis in the form of
reduced alpha diversity, beta diversity, and significant difference of abundance of
taxa between children with UC and control groups. The receiver operating charac-
teristic curve, a probability curve, was used to determine the difference between
the UC and control groups. The area under the curve (AUC) represents the degree
of separability between the UC group and the control group. The AUC was
calculated for all identified bacterial species and for bacterial species identified by
the random forest classification algorithm as important potential biomarkers of
UC. A similar method of AUC calculation for all bacteriophages and important
species was used.

RESULTS

The median age and range were 14 (0.5-21) and 12.9 (6.8-16.3) years for children
with UC and controls, respectively, and 40% and 35% were male for children with
UC and controls, respectively. The AUC for all identified bacterial species was
89.5%. However, when using the bacterial species identified as important by
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random forest classification algorithm analysis, the accuracy increased to 97.6%. Similarly, the AUC for all the
identified bacteriophages was 87.4%, but this value increased to 94.5% when the important bacteriophage
biomarkers were used.

CONCLUSION

The very high to excellent AUCs of fecal bacterial and viral species suggest the potential use of noninvasive
microbiota-based tests for the diagnosis of unusual cases of UC in children. In addition, the identification of
important bacteria and bacteriophages whose abundance is reduced in children with UC suggests the potential of
preventive and adjuvant microbial therapy for UC.
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Core Tip: This study reports the predictive power of fecal microbiota, bacteria and bacteriophages, in predicting the diagnosis
of ulcerative colitis in children. This was demonstrated by the calculation of the area under the receiver operating charac-
teristic curve (AUC). High values of the AUC up to 97.6% and 94.5% for bacteria and bacteriophage, respectively, indicate
excellent predictive power in differentiating children with ulcerative colitis (UC) from controls. This finding may lead to the
development of noninvasive microbiota-based test for the diagnosis of unusual cases of UC in children.
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INTRODUCTION

Ulcerative colitis (UC) is an immune-mediated inflammatory bowel disease. Although the incidence of this disease is
highest in Western populations, it is increasing globally[1-3]. The etiology of UC is unknown; however, multifactorial
factors involving interactions between genetics, host immunity, the mucosal barrier, and the gut microbiome are highly
suspected[4-6]. The role of the microbiota has been extensively reported mainly in Western populations, with strong
evidence of an association with UC.

In Saudi Arabia, a developing country in transition, the incidence and clinical patterns of UC have been reported[7-10].
In addition, the microbiota profile of Saudi children with Crohn’s disease (CD) has been reported to be significantly
associated with not only the presence of bacteria but also the high area under curve (AUC) for bacteria in fecal samples,
suggesting high accuracy in predicting the diagnosis of CD[11,12]. However, there are no reports on the predictive power
of the microbiota for the diagnosis of UC. The objective of this study was to evaluate the role of the microbiota in
predicting the diagnosis of UC in Saudi children.

MATERIALS AND METHODS
Study population

Children with a confirmed diagnosis of UC were enrolled in the study. The children were recruited from multiple
hospitals in Riyadh, Kingdom of Saudi Arabia. The inclusion criteria included new-onset and untreated disease, as well
as no antibiotic exposure for at least 6 months before stool collection. Fecal samples from the children with UC were
collected before bowl preparation. Healthy school children were randomly selected as controls. Stool samples from
children with UC and controls were collected in cryovials without fixatives or stabilizers and immediately stored at
—80°C until analysis.

DNA extraction and sequencing

Bacterial and viral DNA from fecal samples was isolated using the QIAGEN DNeasy PowerSoil Pro Kit according to the
manufacturer’s protocol. DNA libraries were prepared using the Nextera XT DNA Library Preparation Kit (Illumina) and
IDT Unique Dual Indexes with a total DNA input of Ing. Library were subsequently sequenced on an Illumina NovaSeq
S4 platform.

Statistical and bioinformatics analysis
Shannon alpha diversity metrics were calculated in R using the R package “vegan”. Wilcoxon rank-sum tests were
performed between groups using the R package ggsignif[13,14]. Bray-Curtis dissimilarity was calculated in R using the
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vegan package with the function vegdist, and PCoA tables were generated using the ape function pcoa. PERMANOVA
tests for each distance matrix were generated using the vegan’s6 function adonis2, and beta dispersion was calculated
and compared using the ANOVA method for the betadispering function from vegan[15]. DESeq2 was used to estimate
differential abundance between cohorts based on count data[16]. The random forest classification algorithm was applied
to the relative abundance data to predict bacterial and viral species biomarkers that might improve prediction[17].

The receiver operating characteristic (ROC) curve was used to determine the difference between the UC and control
groups. The area under the curve (AUC) represents the degree of separability between the UC group and the control
group. The AUC was calculated for all identified bacterial and bacteriophage species in this study and for bacterial and
bacteriophage species identified by the random forest classification algorithm as important potential biomarkers of UC
[18].

Ethical aspects: The study was approved by the Institutional Board Review of the College of Medicine, King Saud
University in Riyadh, Kingdom of Saudi Arabia [No: 10/2647/IRB,26/6/2010]. Guardians and/or children signed
informed consent and/ or assent before enrollment in the study.

RESULTS

The median age and range were 14 (0.5-21) and 12.9 (6.8-16.3) years for children with UC and controls, respectively, and
40% and 35% were male for children with UC and controls, respectively. A high number of significant bacterial and
bacteriophage dysbiosis events were found (unpublished data). Among these, 11 bacterial species biomarkers were
identified. These included the Bifidobacterium angulatum, Alistipes putredinis, Bacteroides caccae, and Bifidobacterium adoles-
centis (Table 1). Similarly, among the high number of bacteriophages, four were identified as biomarkers. These included
the Salmonella phage SEN4, Streptococcus phage YMC-2011, and uncultured crAssphage (Table 2).

The AUC for all identified bacterial species was 89.5% (79.1%-100.0%), but when based on the biomarkers, the accuracy
increased to 97.6% (94.2%-100.0%) indicating very good to excellent predictive power (Figure 1). Similarly, the AUC for
all the identified bacteriophages was 87.4% (75.9%-98.8%), but the AUC increased to 94.5 % (87.8%-100%), when the
identified important species were used, indicating very good to excellent predictive power (Figure 2).

DISCUSSION

Shotgun metagenomic analysis of bacterial and viral bacteriophage species in fecal samples of children with new-onset
untreated UC revealed significant differential abundances between the UC group and the control group, indicating
significant dysbiosis (unpublished data). The AUC of the ROC curve represents the degree of separability between the
UC group and the control group, indicating the predictive power of the ROC curve for UC diagnosis.

In this study, we calculated the AUC based not only on the entire bacterial species and bacteriophages but also on
important species identified by the random forest classification algorithm. The calculated AUC based on the abundance
of all the bacterial species increased from 89.5% to 97.6% when only 11 bacterial species biomarkers were considered,
indicating increased predictive power of the important bacterial species biomarkers. Similarly, the AUC calculated based
on the bacteriophages increased from 87.4% to 94.5% when only four biomarkers were considered, indicating that the use
of these bacteriophage biomarkers has greater predictive power for distinguishing UC patients from controls. The
excellent predictive power of these biomarkers indicates the potential for the development of microbiota-based diagnostic
tests. Among the bacteria and bacteriophages, Bifidobacterium angulatum and uncultured crAssphage had the highest
median importance scores. Bifidobacterium angulatum is a species that belongs to the Bifidobacterium genus that is known
to modulate the immune system and may be considered protective against UC[19,20]. Uncultured crAssphage is the most
abundant human-associated virus and is found in the gut virome in approximately 50% of humans. This virus infects
species of Bacteroides with mostly beneficial effects on health. Accordingly, Bifidobacterium angulatum and uncultured
crAssphage could constitute the basis of prophylactic or therapeutic options[21-24].

The excellent predictive diagnostic power for UC in this report is slightly greater but consistent with the 93% accuracy
for UC diagnosis reported within a multiclass disease in an adult study in Hong Kong[25] and the 91% accuracy in a
group of children with UC in which shotgun metagenomic bacterial species-level abundance was used[26]. Finally, the
84.4% to 95% predictive power of the bacteriophage species identified in this study has not been reported thus far and
deserves further study.

Study limitations: This study had a relatively small sample size, but it may be acceptable for this is the first study to use
metagenomic analysis in a non-Western childhood population to determine the accuracy of the microbiota in predicting
the diagnosis of UC.

CONCLUSION

The very high to excellent AUCs of fecal bacterial and viral species indicate the potential for the development of
noninvasive microbiota-based tests for the diagnosis of UC and for preventive and adjuvant microbial therapy for UC. In
addition, the identification of important bacteria and bacteriophages whose abundance is reduced in children with UC
suggests the potential of preventive and adjuvant microbial therapy.
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Table 1 Bacterial microbiota biomarkers importance score

S. No. Bacterial species Mean Median Minimum Maximum Decision

1 Alistipes communis 3.199 3.222 1.528 5.055 Confirmed
2 Alistipes putredinis 6.748 7.094 3.605 8.565 Confirmed
3 Bacteroides caccae 5914 6.28 2.717 7.552 Confirmed
4 Bifidobacterium adolescentis 5.843 6.123 3.073 7.578 Confirmed
5 Bifidobacterium angulatum 8.89 9.47 4.265 10.827 Confirmed
6 Bifidobacterium bifidum 4.138 4.293 1.512 5.794 Confirmed
7 Bifidobacterium catenulatum 5.544 5.823 2.246 7.352 Confirmed
8 Dialister succinatiphilus 3.418 3.594 -0.47 4.86 Confirmed
9 Peptostreptococcus stomatis 3.367 3.411 1.358 4.983 Confirmed
10 Prevotella copri 3.826 3.812 1.463 5.595 Confirmed
11 Streptococcus_u_s 3.987 3.93 1.595 6.232 Confirmed

Table 2 Viral microbiota biomarkers scores

S. No. Bacteriophage Mean Median Minimum Maximum Decision
1 Salmonella phage SEN4 5.311 5.474 2.349 8.294 Confirmed
2 Siphoviridae_u_s 7.224 7.591 3.16 10.1 Confirmed
3 Streptococcus phage YMC-2011 7.989 8.611 3.409 11.18 Confirmed
4 uncultured crAssphage 18.35 20.11 6.433 23.25 Confirmed
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Figure 1 The predictive power of fecal bacteriome. A: Area under the curve (AUC) based on the entire bacterial species shows 89.5% (79.1%-100%Cl)
accuracy in predicting ulcerative colitis (UC); B: Random forest algorithm was performed on the entire dataset to identify important features significantly predictive of
UC increased the AUC to 97.6% (94.2-100%Cl).
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Figure 2 The predictive power of fecal bacteriophage. A: Area under the curve (AUC) based on the entire bacteriophage shows of 87.4% (75.9%-98.8%) in
predicting ulcerative colitis (UC) in stool samples; B: Random forest algorithm was performed on the entire dataset to identify important features significantly
predictive of UC increased the AUC to 94.5% (87.8%-100%Cl).

ARTICLE HIGHLIGHTS

Research background
Microbiota dysbiosis has been reported in patients with ulcerative colitis (UC).

Research motivation
The role of the microbiota in predicting UC has rarely been reported.

Research objectives
To evaluate the predictive power of fecal bacteria and bacteriophages for diagnosing UC in children.

Research methods

Metagenomic analysis of bacterial and bacteriophage DNA in the stool of children with newly diagnosed UC. The area
under the curve (AUC) was calculated to evaluate the predictive power of the total bacteria and bacteriophages, and
random forest analysis was used to identify important microbes for distinguishing UC patients from controls.

Research results

The discriminatory power of the entire bacterial species (AUC: 89.5%) and bacteriophages (AUC: 87.4%) was very high.
The random forest classification algorithm analysis revealed the excellent predictive power of important bacterial species
(AUC: 97.6%) and bacteriophages (AUC: 94.5%).

Research conclusions

The very high to excellent AUCs of fecal bacterial and viral species indicate the potential for the development of
noninvasive microbiota-based tests for the diagnosis of UC in children. In addition, the identification of important
bacteria and bacteriophages whose abundance is reduced in children with UC suggests the potential of preventive and
adjuvant microbial therapy for UC.

Research perspectives
Future research in this area with larger sample sizes is needed to clarify the role of the microbiota in the diagnosis,
prevention, and treatment of UC.
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