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Prediction of Drug Activity for COVID - 19 Based on Ensemble Deep Learning Framework
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Abstract: Objective
Disease 2019 (COVID - 19). Methods

screen the representative feature identifiers from the simplified molecular input line entry system (SMILES) sequence. Deep neural

To establish an ensemble deep learning framework for predicting the activity of drugs for Corona Virus

Convolutional neural network (CNN) and recursive neural network (RNN) were used to
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network (DNN) was used to extract higher — level abstract features from discrete feature information. The optimal structure of one

main framework model and seven discrete feature models was generated by the grid search method, forming 127 possible

combinations of eight architectures. The predictive performance of model was evaluated by the accuracy (ACC),F, Recall, precision

(PRE) and Matthews correlation coefficient (MCC). The final framework was established and maintained. Results

An ensemble

deep learning model with BiLSTM as the core architecture and consisting of four different discrete feature models was ultimately
established. The ACC of the training set was 72.84%,the F was 69.70,the Recall was 72.21%,the PRE was 68.03,and the MCC
was 0.456 9. Twenty — three drugs that might be effective against COVID - 19 were successfully predicted in the test set.

Conclusion The ensemble deep learning framework has better predictive performance than a singular model, this study provides a

new choice for the screening of the drugs for COVID - 19.

Key words:ensemble deep learning framework ; Corona Virus Disease 2019;drug activity ;neural network;autoBioSeqpy
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Tab.4 Prediction performance of the optimal number of layers

for seven types of feature descriptors

Wk %A ACC(%)  F Recall(%) PRE(%)  MCC

HH i %# ACC(%) F  Recall(%) PRE(%) MCC

FEEHE 50 CNN 59.40 5831 63.00 56.24  0.2077
150 62.99  59.90  62.01 62.31  0.28638

250 67.16  63.43  67.66 61.55 0.3532

BN 3 CNN  63.28 62.64  67.85 59.37  0.2758
5 62.39  59.13  54.10 65.87 0.2535

1 60.27  61.20  59.04 64.91 0.3228

9 67.16  63.43  67.66 61.55 0.3532

11 64.48 60.42 6214 61.31 0.3033

AREHT 1 CNN  60.30 60.06  61.44 59.79  0.2083
2 67.16  63.43  67.66 61.55 0.3532

MACCSKeysFingerprint DNN  59.10 5415 5431 .12 0.1724
MolGraphConvFeaturizer edge ~ DNN  68.36  62.98  55.77 7493 0.3718
MolGraphConvFeaturizer node ~ DNN  71.34  65.31  61.97 70.00 0.4128

MordredDescriptors DNN  60.60 40.97  32.00 75,91 0.2289
PubChemFingerprint DNN  63.88 59.20 6180 5119 0.2647
SmilesTolmage DNN 6418 61.47  59.92 65.58  0.2998
CircularFingerprint DNN  55.82  45.73  40.49 53.99  0.1077

*2 RNNEMRBSHMRUER
Tab.2 Optimization of the optimal hyperparameters for RNN

T A & %M ACC(%) F  Recall(%) PRE(%) MCC
BHBELY 64 BILSTM 61.79 47.32  52.00 44.95 0.2386
128 70.45 60.57  54.57 77.01  0.4254
256 58.81 43.25 42.13 45.37 0.1792
32 BiGRU  63.28 57.77  58.00 61.90 0.2741
64 68.66 62.82  61.30 65.69 0.3665
128 63.28 53.98 51.32 68.27 0.266 6
256 65.07 56.50  49.97 70.00 0.3180
LSTM & 3 1 BILSTM  65.37 45.80  44.65 49.98 0.2571
2 70.45 60.57  54.57 77.01  0.4254
1 BiGRU  60.30 55.65 53.82 59.99  0.2135
2 68.66 62.82  61.30 65.69 0.3665

%3 CNN,BiGRU,BiLSTM R SH I ACCFIMCC b
Tab.3 Comparison of the ACC and MCC for the optimal
hyperparameters of CNN,BiGRU and BiLSTM

%H ACC(%) F Recall(%) PRE(%) MCC
CNN 67.16  63.43 67. 66 61.55 0.3532
BiGRU 68.66  62.82 61.30 65.69  0.3665
BiLSTM 70.45  60.57 54.57 77.01 0.4254

2.2 HERETEAY
RIS B2 B R F A A L3R 4, b e )2 %k

MolGraphConvFeaturizer_edge, MordredDescriptors, Pub-

ChemFingerprint ¥J & 5, MACCSKeysFingerprint A 4,

2.3 SERIEZERTNERERRES

R R T 3 S G A ) R O
AE , B J DL BiLSTM BRI A% .00 SR A o X8 7 Ff R Ak 4 it
FEHEAT LA VI 25, A B 127 B DNN BEAY |l R A%
DI R HET T 635 MBI 2Ry, A IR S IK,
BUOFBIME . L ACC o FLE Xt 4, Hoh DL 4 A FR A il i
5 1) 4 A Bt , B MACCSKeysFingerprint, SmilesTolm-
age , MolGraphConvFeaturizer_edge , MolGraphConvFeatur-
izer_node . iX 4 MFIERGIATTH A ) DNN )2 1 42 B HE SR
f 5 R BINPERE WL 3R 5, HEF- 3 ACC 3k 72. 84%, 11
MCC ik 0. 456 9. H i 5 IRAMEZR 9 ACC FIMCC 5 ik
BiLSTM £ 44 1 DNN A58 f) g i {1 LU, S5 SR LI 1T
L, S BUHESR Y ACC AT MCC 3478 T Hofh BB 70 |
SR HEIRE— 2D B ey 1 T PR o
x5 REAEGHERREFIEREIIGE LAEENIKER
Tab.5 Results of performance test of the optimal combination of

ensembled deep learning frameworks on the training set

KB ACC(%) P Recall(%) PRE(%) MCC | kA ACC(%) F Recall(%) PRE(%) MCC

18209 8125 8125 8125 0.6411) 4 7463 73.02 7188 7419 0.4911
20015 6552 79.17 5.8 0.447) 5 68.66 05.57 66.67  64.52 0.3684
3O68.66 63.16 6207 6429 03920 X 7.8 69.70 7221 68.03 0.4569

i 0.713 4

0.89 (7045  0.7284 « BILSTM

0.456 0 & MolGraphConvFeaturizer_node
0.4254 04128 2 DNN + BiLSTM

fibr

ACC MCC
Bl SRREFIERSENMERFACCHMCCLLE
Fig.1 Comparison of ACC and MCC for ensembled deep learning

framework versus singular model
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2.4 MXETERREFIER MR
e P 0 3K X A R B 2 T HE AR R AT I, A
PP A2 5 U 45 R i 1Y ACC o 72. 84%, MCC oA
0. 456 9. R WITEMIALE T A9 PP RE R BRI RER LT IE
FEAS AT 23 P25 B BUINAE R K 0. S(IL3K 6) , i 48
254 m] REXS e T A B IR TR
Fo6 MXEPHNEEKXTF 0. 59254
Tab. 6 Drugs with predicted probabilities greater than 0.5 in
the test set

s B
R %A%  bromhexine hydrochloride
BEE methylprednisone,, dexamethasone
RIm R viracept, molnupiravir, sofosbuvir, tme = 310911
R A cyclosporine
REA icatibant, apremilast, indomethacin, andrographolide,, defibrotide

ShEA%MY  fostamatinih disodium, fostamatinih

E i cyproterone acetate
Ark danoprevir sodium, losmapimod, vidofludimus calcium, brensocat-
ih, zavegepant, pam2csk4, tridecactide
3 itig

B BE YRR 2 W9 R AT K SRR R A RE
FHT I PR, W7 32000 1 98 2 R a5 B0 A% 24 i e ke 114 17
B AR, PR W R Ry 3 3l 7 s o LA A9 32
B L Ge W AILAR 7 21 T vk B0 25 1 0 15 1 L R
B REAE 2 B8 7 5 A 45 43 - 48 BCH SMILES FRAE 25 7 31
AHICHRHIE o BRI SERFIE SRS T k5 I8 T 5259+
FAOG B Z2 5 AE  AH 2008 T 259 53 1 vh R OCBE I 45 1
HIF B AW B VRN A BRIE  HH5E T 525953
- SMILES #H G 1Y 2% R T AR e fiE , DA [a) £ J3 20 9 1 24
Yoy B EERME B TR 45 SRR W, 259 00 F I IR <P 1k
SE— e ERR A DY RAAE , BB A AKX TG PR AR T L ot
A TESLER T, SR TR B R A ST HOR R
[Fi] F~ {7 Bt & O BT A AR, RGEHARR T T A ATATIY
AU 5 T 1%, LA e L 20 A 7Y O34T T 1 0151k
WIZREA, 2387 635 FiA [R] AR BRI 40 5, e 400 7 R
PR AR AR AR B AL I 2 v, I B i 1 23 A
A RE XS B e B RS B A TG PR R 259 . o, bromhex-
ine hydrochloride fig A % 24 3% %5 B 51 & 1Y P I 18 hE
R3] methylprednisone F1 dexamethasone R 45 %4t 3 H:
5 & B 245 [7) JB34) | viracept, molnupiravir, sofosbuvir,
tme = 310911 #5245 H i > RO LR AR S 7 57 e o 75 77 11
2 B R R 25 ), e A R AR R E e A R 1 A
RS-0 R IRWE ST [ IR B T A5 b e A i AR
RYHA AT M

AR AR USSR TE 250G I T R T s T,
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