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Non-invasive diagnosis of inflammatory bowel disease based on
surface-enhanced Raman spectroscopy
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Abstract: Inflammatory bowel disease (IBD) includes ulcerative colitis (UC) and Crohn's disease (CD).

Most patients with IBD require a combination of invasive endoscopy, clinical and histopathological
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examination to confirm the diagnosis. There is a lack of convenient and non-invasive diagnostic
methods for IBD. In response to this current situation, a non-invasive diagnostic method for IBD based
on surface-enhanced Raman spectroscopy (SERS) was developed. The urine samples from 210 IBD
patients (127 CD, 83 UC) and 48 healthy controls (HC) were measured based on SERS. By analyzing
the average SERS spectra of urine samples from IBD, CD and HC, it was found that there were
significant differences in the Raman intensities at several main Raman peaks between IBD, CD and HC.
To validate these findings and construct effective diagnostic models, principal component analysis
(PCA)-support vector machine (SVM) was used to establish two classification models to distinguish
IBD/HC, CD/HC. After leave-one-patient-out cross-validation (LOPOCYV), the accuracy of IBD/HC and
CD/HC classification models can reach 83.33% and 83.43%, respectively. The metabolic changes of
IBD patients and HC could be effectively identified by measuring urine with SERS, and it was expected

to develop a non-invasive, rapid and accurate pre-screening method for clinical IBD patients.
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Tab.1 Sample size and percentage characteristics of IBD
patients and HC
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PEHI
Bk 89 70.1 59 71.1 28 58.3

<17% 13 10.2 0 0 1 2.1
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Fig.1 Self-built Raman detection platform
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Fig.2 Average SERS of IBD patients and HC
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Tab.2 Normality test results of disease status (IBD/HC)

Kolmogorov- Shapiro-
ﬁﬁﬂé/ Smirnov Hi4 Wilk #5 t Wilcoxon
m Cepm% nc  BoEE e TR KB
480  <0.0001 0.005 <0.0001 <0.0001 <0.0001  0.029

543 <0.0001 0.013 <0.0001 0.036 0.019 0.001

591 <0.0001 0.192 <0.0001  0.057 0.037 <0.000 1

680 0.002 0.200 <0.0001  0.757 <0.0001 <0.0001

757 0.020 0.200 0.045 0.731  <0.0001 0.010

1280 <0.0001 0.200 <0.0001  0.573 0.017  <0.0001

1348 0.010 0.075 <0.0001  0.293 0.004 0.049
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Tab.3 Assignment of the main Raman peaks
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Tab.4 Combined effect of disease status (IBD/HC), sex and
age on the intensities of the 8 main Raman peaks
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Fig.3 Box plots of the Raman intensities of IBD patients and HC at 8 main peaks
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%5 IBD/HC 7 2R BVHR B 5 BE Tab.6 Confusion matrix of IBD/HC classification model after
Tab.5 Confusion matrix of IBD / HC classification model LOPOCV
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Tab.7 Normality test results of disease status (CD /HC)

Kolmogorov- Shapiro-Wilk
:}U‘E,ml%/ Smirnov Fi45 K P Wilcoxon
cm W W
CD#E# HC CDE# HC L2

543 0.002 0.013  <0.0001 0.036 0.096 0.001

591 <0.0001 0.192  <0.0001 0.057 0.116 <0.0001

680 0.200 0.200 0.637 0.757  <0.000 1 0.056
757 0.200 0.200 0.435 0.731 0.014 0.100
1280 0.007 0.200

<0.0001 0.573 0.015 <0.000 1

1348 0.200 0.075 0.009 0.293 0.015 0.049

HGiT2EE L (p<0.05) .

K6 A R T 6 D EERLS IR RS
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iF ROC i £k (AUC 2y 0.9142) % 43 245 7Y fi il 5t
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SVM #3719 /3 FAE AL G H B AN 3% 9 v, o
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85.83%. 93.75%. 76.76%. 9 T 145 Rl 5
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A, 22 LOPOCV WEf5, 4 MR HEmh 2 .
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Tab.8 Combined effect of disease status (CD/HC), sex and age
on the intensities of the 6 main Raman peaks

P S fom ' ZH P

[CD/##] - [HC] 0.023

543 [Zt] - (B ] 0.646
AR 0.539

[CD&] - [HC] 0.016

591 [Zetk] - B4 0.438
AR 0.350

[CD&F] - [HC] 0.002

680 [Ztk] - B 4E] 0.252
AFH 0.688

[CDi##] - [HC] 0.014

757 (2] - B4 0.032
RS 0.182

[CD&F] - [HC] 0.045

1280 [ PE] - [531E] 0.774
AR 0.125

[CD& ] - [HC] 0.015

1348 [ctk] - (B HE] 0.586
AFE 0.219
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3 4 it
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A YA EY A T2 W IBD, @1 C kM EH

(CRP). ZI4IMiiME% (ESR) . HEMKF. Fff
FUBE RSB (2 SR, Hy Tk e
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