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INTRODUCTION

Inflammatory bowel diseases (IBD) are chronic conditions 
mainly represented by Crohn’s disease (CD) and ulcerative 
colitis (UC). The incidence of  the disease is highest in 
Western populations, with an upward trend observed in 
recent years.[1‑4] Although IBD is less common elsewhere, 
its incidence is increasing in developing countries.[4,5] The 

etiology of  IBD is not known but believed to be multifactorial. 
Dietary components and microbial imbalance may trigger 
inflammation.[6‑9] Experimental and clinical data provide 
strong evidence of  the role of  bacterial microbiota in IBD 
and pro‑inflammatory and anti‑inflammatory taxa have 
been described.[10] Bacterial dysbiosis in mucosa and stool 
was reported as predictor in the diagnosis of  IBD including 
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CD but with conflicting results on the relative accuracy of  
different samples. These reports are both limited in number 
and are based on Western populations.[11‑13] Differences in 
culture and dietary lifestyle may affect microbiota composition 
and structure in non‑Western populations, where IBD may 
be considered a new condition. Therefore, it is important to 
include data from non‑Western populations in microbiome 
studies. The objective of  this report, therefore, is to assess 
the accuracy of  bacterial dysbiosis in mucosa and stools in 
predicting the diagnosis of  CD in newly diagnosed Saudi 
children, a non‑Western population.

METHODS

Study population, data collection and processing
In this prospective study, children were recruited from 
January 2012 to October 2014, from King Saud University, 
King Khalid University Hospital, providing primary, 
secondary and tertiary level free of  charge services and 
one private gastroenterology clinic providing diagnostic 
and therapeutic services for a fee. Both institutions are in 
Riyadh, Kingdom of  Saudi Arabia. The children presenting 
to the gastroenterology clinics with complaints compatible 
with the diagnosis of  CD were considered but were 
recruited after the diagnosis of  CD was confirmed.

Inclusion criteria for children with CD included age below 
18 years, Saudi nationality, no history of  antibiotic 
intake at least 6 months before sample collection, and 
confirmation of  the diagnosis of  CD. Inclusion criteria for 
controls included age below 18 years, Saudi nationality, no 
history of  antibiotic intake at least 6 months before sample 
collection, and lack of  clinical, laboratory or endoscopic 
features of  CD, UC, IBD‑unclassified, infections, or other 
inflammatory diseases. Exclusion criteria for children with CD 
and controls included age above 18 years, non‑Saudi nationals, 
children with the diagnosis of  UC, IBD‑unclassified, 
inflammation, infection, co‑morbidities, or antibiotic 
intake at least 6 months before sample collection. Diagnostic 
procedures included a history of  symptoms in the form of, 
but not limited to, abdominal pain, diarrhea with or without 
blood, weight loss, perianal disease; laboratory, imaging, 
endoscopic and histopathologic investigations.

Confirmation of  the diagnosis of  CD is made according to the 
guidelines published by the European Society for Pediatric 
Gastroenterology Hepatology and Nutrition.[14] The main 
final diagnoses in controls were recurrent abdominal 
pain and polyps. There were 44 mucosal tissue samples 
obtained from the children with CD (8 from the Ileum 
and 6 from each part of  the colon); whereas, 14 mucosal 
tissue samples were collected from controls including 

6 from the Ileum, 3 from the transverse colon, 2 from 
the sigmoid colon, and 3 from the rectum. For various 
practical reasons, mucosal samples were not obtained 
from all colonic segments of  all subjects. Similarly, stool 
samples were not available from all participants and only 
20 samples were given (10 from children with CD and 
10 from controls). To minimize the wash out effect of  
bowel preparation required for colonoscopy, stools were 
collected in the clinic or the hospital ward before bowel 
preparation in the majority of  children (about 75%), but 
when this was not possible (about 25%), a sample was taken 
from the first bowel motion after starting bowel cleaning. 
Antibiotic intake was not documented in any subject in 
this report. Tissue and fecal samples were put in cryotubes, 
not containing fixatives or stabilizers, and transported in 
ice to the research center, generally reaching within 5 to 
20 minutes after dispatch, where they were stored at ‑80°C. 
At the end of  the study, all samples were dispatched in dry 
ice container to the USA for analysis.

Bacterial DNA extraction and sequencing
B a c t e r i a l  D N A  e x t r a c t i o n  wa s  p e r f o r m e d 
u s i ng  t h e  M ob io  Powe r so i l  K i t .  Amp l i con 
pyrosequencing (bTEFAP®) was used and the primers 
515F GTGCCAGCMGCCGCGGTAA and 806R 
GGACTACHVGGGTWTCTAAT were utilized to 
assess the microbiome using the Illumina MiSeq with 
a methodology based upon the bTEFAP® following 
manufacturer’s protocol, producing sequences deep 
enough for comparison purposes.[15,16] Subsequently, 
paired sequences were merged and depleted of  
barcodes and primers. Short sequences <150 base 
pairs (bp), those with ambiguous base calls, those with 
homopolymer runs exceeding 6bp, and chimeras were 
removed. Operational taxonomic units (OTUs) were 
defined after removal of  singleton sequences, clustering 
at 3% divergence (97% similarity).[17,18] OTUs were then 
taxonomically classified using the Nucleotide Basic 
Local Alignment Search Tool against a 16S National 
Center for Biotechnology Information (NCBI)‑derived 
database(www.ncbi.nlm.nih.gov, http://rdp.cme.
msu.edu).[18,19]

Statistics
Python and R packages were used.[20‑22] All statistical 
analyses were performed on log‑transformed data after 
adding pseudo counts of  1 read for each taxonomic group. 
Therefore, the reported means are exponentials of  the mean 
log abundances (they are geometric rather than arithmetic 
means with pseudo counts included). Exact Fisher’s test 
was used to assess statistical significance, followed by 
a correction for multiple hypothesis testing using the 
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Benjamini‑Hochberg procedure.[23] The associations were 
considered statistically significant when FDR‑corrected 
P values (q value) were less than 0.05.

The bacterial community alpha diversity was assessed 
by the Shannon index and beta diversity was measured 
by Bray‑Curtis distance. We used the Fisher’s exact test 
to determine P values for alpha diversity and an exact 
permutation test to determine P value for beta diversity 
separations. The significance level of  variation between 
mucosa and stool was defined as a q value <0.05.

The bacterial dysbiosis score, the metric used by the logistic 
regression classifier for discriminating the samples of  
controls from those of  children with CD, was calculated. 
First, we performed a logistic regression to infer sparse 
linear coefficients for bacterial taxa for each subject. The 
dysbiosis score was defined by the weighted sum of  the 
taxa abundances, with the weights learned from the logistic 
regression.

The accuracy of  the dysbiosis classifier was tested by 
computing the receiver operating characteristic (ROC) 
curve with 5‑fold stratified cross validation under 100 
permutations of  the training data partition. ROC curves 
show the trade‑off  between true positive rate, also known 
as sensitivity, vs. false positive rate which is 1‑specificity 
for every possible cut‑off  for the logistic regression 
classification test. Sparse logistic regression was performed 
to predict the diagnosis of  Crohn’s disease status based 
on participant’s bacterial microbiota. The accuracy was 
tested by calculating the area under the curve (AUC) of  
the receiver operating characteristic.

Ethics
The protocol of  this study was evaluated and 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

Demographic and clinical characteristics
Comparison of  the overall characteristics of  the children 
with CD and controls are detailed in Table 1. Briefly. there 
were 17 children with Crohn’s disease and 18 non‑IBD 
controls. The median age was 15 and 16.3 years for children 
with CD and controls respectively. Sex distribution showed 
that 11/17 (65%) of  the children with CD and 12/18 (67%) 
of  the non‑IBD‑controls were males.

Bacterial microbiota structure in Saudi children with CD 
in relation to controls has been reported recently defining 
significantly‑ abundant and ‑depleted bacteria at all levels 
as well as reduced diversity.[24]

Bacterial dysbiosis classification
The AUC for the bacterial dysbiosis classifier is shown in 
Figure 1, which indicates higher AUC in stools (0.97 ± 0.029) 
than in mucosa (0.83 ± 0.056) (P < 0.001).

DISCUSSION

Microbial dysbiosis can be defined as a change of  microbial 
community in disease, relative to subjects with no signs 
of  disease.[25] Variation of  mucosal microbial structure 
across the gastrointestinal tract as well as between fecal and 
mucosal samples have been reported in the literature.[26,27] 
Therefore, in this study mucosal tissue samples were taken 
from the ileum, colon, and stools, and results are reported 
together.

To our knowledge, this is the first report to address the 
role of  bacterial dysbiosis in the diagnosis of  CD from a 
non‑Western population, who have a different culture and 
dietary lifestyle. All the participants in this study were newly 
diagnosed and proved to have dysbiosis.[24] In addition, 
the fact that they did not receive any treatment before 
sample collection suggests that dysbiosis may be accurate 
in predicting the diagnosis of  CD.

The most important finding of  this study is the high 
AUC for bacterial dysbiosis in our children with CD with 
significantly higher AUC in stool (AUC = 0.97 ± 0.029) than 
mucosal tissue samples (AUC = 0.83 ± 0.055) (P < 0.001), a 
finding consistent with a report of  an AUC of  0.91 in stool 
samples from patients with active IBD.[12] In contrast, our 
findings conflict with the results of  a larger study reporting 
lower dysbiosis in fecal (AUC of  0.66) than in mucosal 
samples.[11] Although this conclusion was highlighted by 
Hofer,[28] a re‑analysis of  the same dataset of  Gevers et al. 

Table 1: Demographic and clinical characteristics
Items Children with CD Controls

Number 17 18
Age (yrs): median (range) 15 (7.3‑17.8) 16.3 (3.9‑18.6)
Gender: No (% males) 11 (65) 12 (67)
Positive consanguinity 6/15 (40%) 6/17 (35%)
CD location:

Ileal (L1) 2 (11.8%) Not applicable
Colonic (L2) 2 (11.8%) Not applicable
Ileocolonic (L3) 13 (76.4%) Not applicable

CD behavior:
Non‑constricting, 
nonpenetrating (B1)

11 (64%) Not applicable

Constricting (B2) 3 (18%) Not applicable
Penetrating (B3) 3 (18%) Not applicable
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using another statistical approach (log transformation), 
similar to statistical methods used in our study, revealed 
higher mean AUC for stool dysbiosis approaching clinically 
useful values (AUC of  0.72 (95% CI: 0.663–0.770).[13] 
This higher value of  AUC (0.72 vs 0.66) underscores the 
importance of  analytical methodology. The discrepancy 
between prior research findings and our results of  showing 
higher AUC in stool than in mucosal samples, could be 
related to our small sample size, possibly augmented by 
the role of  lifestyle difference in this population affecting 
microbiota profile, differences in mucosal location, and 
to log transformation statistical methodology used in 
the present study. Since this is the first report from a 
non‑Western population and the third report worldwide, 
further studies from different populations are needed to 
clarify the role of  bacterial dysbiosis in predicting the 
diagnosis of  CD.

The clinical implication of  the results of  this study, as well 
as previous dysbiosis studies,[11,12] is limited at present in 
view of  the high cost of  microbiome analysis. However, 
these studies are important from a scientific point of  
view to stimulate further research in this direction, 
hopefully leading to the discovery of  additional dysbiosis 
non‑invasive screening tests for CD.

The main limitation of  this study is the small number of  
participants. However, Crohn’s disease is a new condition 
in developing countries and the fact that this is the first 
prediction study from Saudi Arabia, a non‑Western 
population, makes it of  interest for the understanding of  
the importance of  microbiota in Crohn’s disease.

CONCLUSIONS

We found high AUC in mucosal and fecal samples. The 
higher AUC for fecal samples suggests higher accuracy 
in predicting the diagnosis of  CD. Although, the clinical 
application of  this finding is limited at present by the high 
cost of  microbiota analysis, these results are expected to 
stimulate future research to clarify the role of  microbiota 
in CD, leading to the development of  a non‑invasive 
dysbiosis test.
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