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[Abstract | Objective To investigate the differences of gut microbiota composition between children with autism spectrum disorder
(ASD) and health children,and to construct a disease screening model using machine learning algorithm to provide a non-invasive
method for autism screening based on biomarkers of gut microbiota. Methods From December 2019 to April 2023, this study
recruited 149 ASD children aged 2.5 to 4.5 years from Jinan,Zunyi, Hong Kong and Shanghai,as the autism group. Additionally,149

healthy children matched 1 ¢ 1 by age and gender were recruited as the control group. Fecal samples were collected, and gut
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microbiota-related indices were gathered through 16S rRNA gene V3-V4 region sequencing for both groups.At the genus level, four
machine learning algorithms,random forest, support vector machine, K-nearest neighbors, and naive bayes classifier, were used to
construct an autism classification model in the model development dataset, identifying the most discriminative bacterial genus
combinations,and the generalization ability of the models was evaluated in two independent external test datasets. Results (D The gut
microbiota diversity of the autism group was significantly higher than that in the control group (Chao index=118.00,105.00;
Shannon index=3.46,3.00; P =0.023,0.001).@®There were significant differences in gut microbiota structure between autism
children and control children (F=5.198,R*=0.052,P <C0.001).@ A total of 14 characteristic genera were identified. The genera
with higher abundance in the autism group were Phocaeicola , Anaerobutyricum , Faecalibacterium , Blautia , Oscillibacter ,
Lachnospira s Parabacteroides s Flintibacter s and Anthropogastromicrobium s and the genera with higher abundance in the control
group were Ruthenibacterium ,» Flavoni fractor , Bi fidobacterium , Anaerostipes » and Eisenbergiella.® The random forest model
based on the combination of 14 genera showed the best classification performance in the model development dataset, with the
training set AUC of 100% (95% CI:100%-100%) and validation set AUC of 93.94% (95% CI: 88.13%-99.74%). In two
independent external test datasets,the Naive Bayes model showed the best generalization performance,with AUC of 63.83 % (95 %
CI:51.99%-75.67%) and 60.19% (95%CI :47.83%-72.55%) , respectively. Conclusion There are significant differences in the gut
microbiota communities between autism children and control children,and specific gut microbiota biomarkers have the capability to
classify autism disease states, suggesting that gut microbiota has potential significance as a non-invasive screening biomarker for
early autism detection in children.

[Key words | gut microbiotasautism;children;biomarkers; machine learning;16S rRNA
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Fig.1 Flow chart of screening model construction and testing
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Fig.2 Composition analysis of gut microbiota between ASD and control children

2.3 MMAEAM BB EMERHEMER
BT Bray-Curtis P 2 i 17 PCoA A M AL 45
WCRE 3), IRAHCAE 2H 5 X BB 21 %) 26 0 Tl A W B 0%

R —EREMES, £ PCoA ., i KR
X 50 BT AT R AR 0 6 A4~ 32 2 AR ARl A B T 718 % Al
11.34 %25, #—H i PerMANOVA PEAl g £



TELR # A Mk http://mchchina. xjtu. edu. cn

R, 4% T 22 B W 4 1] ) 0 A D i I e 3R e L B
P2 S (F=5.198,R*=0.052, P<C0.001),

0.1-

0.0-

@ A

% [@hELL
: o

% @)Xt R

@]

-9

-0.10  -005  0.00 005 0.0
PC1(11.34%)

3 MMEASHRAGEFEHABNENESR

Fig.3 The structural differences of gut microbiota

between ASD and control group
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Table 1  Average relative abundance of 14 biomarkers in ASD andcontrol groups

—_— P SE F- 12 PR E = 2 X B Xof iR FDR F A
FED PRUEZE () FEOD PR 25 (20) (¢79]
Ruthenibacterium 0.07 0.25 1.02 2.06 <0.001 0.95
Phocaeicola 19.85 15.08 10.73 15.82 <0.001 9.12
Anaerobutyricum 0.56 0.62 0.21 0.41 <0.000 0.35
Faecalibacterium 15.84 10.55 12.07 15.41 0.104 3.78
Blautia 3.62 3.10 3.06 4.47 0.490 0.56
Oscillibacter 0.20 0.31 0.05 0.21 <0.001 0.15
Lachnospira 2.68 3.67 1.11 3.37 0.006 1.56
Parabacteroides 1.52 2.29 0.89 1.68 0.066 0.63
Flavoni fractor 0.19 0.31 0.58 1.03 0.001 0.39
Flintibacter 0.18 0.38 0.06 0.16 0.011 0.12
Anthropogastromicrobium 0.25 0.60 0.06 0.19 0.009 0.19
Bifidobacterium 3.45 4.00 6.90 13.36 0.035 3.45
Anaerostipes 0.81 1.03 1.39 6.10 0.532 0.58
Eisenbergiella 0.03 0.16 0.52 1.68 0.013 0.49

T AL A 2 B YT Y (Y0 IR HE 25 (%) s FDR 2R STAMP 15 5 = 8 A8 b AR 3 19 41 1] A X6 3= 32 A8 1k 1) 466 ) 1.
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Fig.4 Screening of characteristic genera based on Boruta and rfcv algorithms
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Table 2 Machine learning evaluation indicators for model development cohort and external test cohort

Kt 4 HL 7524 > B T PENT S K MCC AUC(Y%)
Y24
RF 1 1 1 1 100
KNN 0.87 0.86 0.87 0.73 92.65
SVM 0.87 0.86 0.87 0.73 93.13
NBC 0.77 0.96 0.69 0.58 89.62
I 4
RF 0.84 0.79 0.88 0.69 93.94
KNN 0.64 0.76 0.61 0.28 73.31
SVM 0.81 0.76 0.85 0.62 88.35
NBC 0.72 0.9 0.67 0.48 83.71
A EB I 1
RF 0.59 0.78 0.6 0.14 61.65
KNN 0.41 0.7 0.48 —0.31 60.50
SVM 0.55 0.81 0.57 0.06 60.08
NBC 0.56 0.83 0.57 0.08 63.83
AR 2
RF 0.56 0.18 0.55 0.08 52.27
KNN 0.56 0.03 1 0.13 55.53
SVM 0.45 0.61 0.43 —0.07 54.05
NBC 0.56 0.61 0.51 0.13 60.19
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Fig.5 Model classification performance in training set,validation set,and external test set
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