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Risk Prediction of Child Vaccination Based on Knowledge Graph and Pre-trained Language
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Abstract: Primary healthcare providers lack the ability to assess the risk of vaccination for children with certain illnesses.
It is a viable solution to developing a risk prediction model for pediatric vaccination, by leveraging the experience of
healthcare professionals in tertiary hospitals, to assist primary healthcare providers in swiftly identifying high-risk
pediatric patients. This study proposes an intelligent method for vaccine recommendations based on a knowledge graph.
Firstly, a method for medical named entity recognition called ELECTRA-BiGRU-CRF, based on pre-trained language
models, is proposed for named entity extraction from outpatient electronic medical records. Secondly, a vaccination
ontology is designed, with relationships and attributes defined, to construct a Chinese childhood vaccination knowledge
graph based on Neo4;. Finally, a method for vaccine recommendations guided by significant categories using pre-trained
language models is proposed based on the constructed knowledge graph. Experimental results indicate that the proposed
methods can provide diagnostic assistance to physicians and offer support for deciding whether vaccines can be

administered to children with certain illnesses.
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SEPL T A ORBIRY, E AR NI B, A1) T KA T B
BB R 256, BIRINGRFEARZCH 16. A 2R RH B,
K FH R RN SRAR AR S £ o S REBE b g AT TR 2R 1K)
base MU A K] ELECTRA #2Y, BRAMEA] 12 MEE 13k
# Transformer, I ZIBESHEM 12 B, BEEH
768 NS E . BN ZRrh, B 2] REE N SE-5, &
RKRBEN 0.1, ZF IR E N 20.

S0 % Fl BERT-CRF. BERT-BiLSTM-CRF.
RoBERTa-BiGRU-CRF 54 SC i th A R i3k A7 X L,
Ho g SRR 3 fioR. B3R 3 AT AN, 7EAL R 4R 2 1,
ELECTRA-BiGRU-CRF % #% F*F LL A% % BERT-
CRE ] Precison. Recall f1 F1-score 73 HIRTF T 9.25%.
8.95% H1 9.13%. it il iX — &5 K i JR Al /& ELECTRA
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AT BERT WX 71, BPTEHERD AL J7 TH, BERT MAE/MHE
AFEHLIEE 15% ) token AT HE 55, b 80% # FL 5K
token ¥ #, T 7E T B, FAEXT BT A #3855 14 token
JIEAT P, T A R R H A — /N4 AT . 3X 4
3G I 2R S R AL AL, #HEEZ T, ELECTRA
FETRIIAE 55 v, 40500 35 BT S N1 token H12%7 2], dE
%7 BERT (A VL AL ) 8.

F3 MRS RE (%)

it Precision Recall Fl-score
BERT-CRF 80.99 86.78 83.78
BERT-BiLSTM-CRF 84.26 88.56 86.36
RoBERTa-BiGRU-CRF 86.81 89.52 88.14
ELECTRA-CRF 87.55 95.47 91.34
ELECTRA-BiGRU-CRF 90.24 95.73 92.91

% T BERT-BiLSTM-CRF [ Precision Recall

H1 Fl-score 2 HI$EFF T 5.98% 7.17% F 6.55%. F#¢
F RoBERTa-BiGRU-CRF ] Precision Recall f1 F1-
score 7 HIHETH T 3.43% 6.21% Al 4.77%. HIHAT UL,
AHIEFE B H AR I 2 S RE DA TR LU, B A
PRI PERE. TE 10 SESATR JZ T, X188 45 B ik
7007 a3k 4 Fiw, LA SRR I 5 47 1) RoBERTa-
BiGRU-CRF M, 543042 H ) ELECTRA-BiIGRU-CRF
BEATXF L, A3 Hr 4l R I TR AR AR 2 1, ELECTRA-
BiGRU-CRF % RoBERTa-BiGRU-CRF [ THE fE I AN
B3, (HfER— KM SRR 5 H, RoOBERTa-BiGRU-CRF
1k RE R B3 A 40 ELECTRA-BiGRU-CRF £a5g, Jt:
TEERS . FARL AEFT SRR TR 2. SR
Ui, 75 )L 38 g% B Pl g 1112 W 7998 g S iR I E 45
1, ELECTRA-BiGRU-CRF F#Y A 34

% 4 RoBERTa-BiGRU-CRF 5 ELECTRA-BiGRU-CRF HAH 51| SRR HE (%)

; RoBERTa-BiGRU-CRF
KH

ELECTRA-BiGRU-CRF

Precision Recall F1-score Precision Recall Fl-score

s 62.96 65.38 64.15 63.88 100.00 77.96
2 92.69 94.82 93.75 99.11 95.93 97.49
HEUER 95.65 95.65 95.65 97.46 100.00 98.71
o R 95.83 100.00 97.87 100.00 97.00 98.48
FEXEN 99.00 98.28 99.14 99.86 99.86 99.86
k& 73.20 71.37 7523 98.86 99.06 98.96
AEFI 11.53 18.75 14.26 57.03 97.21 71.88
FAR 63.63 80.00 70.88 94.72 90.98 92.81
21 88.71 85.93 87.30 95.28 99.90 97.54
P 96.55 87.50 91.80 98.38 92.94 95.58

W% 5 o, Jlid S28 & 0, 78 ELECTRA-CRF %
Birh 5] N BiGRU FEH, B84 386 8 Fp 1) @ AR | SC B
fiffe 11, AR RE & B oONRR . HE— B i RN, 1

- He

RGN BiGRU BB (5 DL T, #70 SEAAR I PE REA B2
5E, W0 T B SR U R B €, (H T BOEAR”
U B HE R AR A AR AR

# 5 ELECTRA-CRF 5 ELECTRA-BiGRU-CRF BB {5 SRR HE (%)

KH ELECTRA-CRF ELECTRA-BiGRU-CRF
Precision Recall F1-score Precision Recall Fl-score

A 95.00 100.00 97.44 63.88 100.00 77.96
2 97.11 98.33 97.72 99.11 95.93 97.49
SURTSTIENIN 26.27 100.00 42.11 97.46 100.00 98.71
T EUR 100.00 100.00 100.00 100.00 97.00 98.48
ERN 99.41 99.70 99.55 99.86 99.86 99.86
B A 98.46 98.78 98.62 98.86 99.06 98.96
AEFIH 72.28 91.40 80.58 57.03 97.21 71.88
FA 98.27 99.61 98.93 94.72 90.98 92.81
%) 94.85 96.34 95.58 95.28 99.90 97.54
P 92.11 95.19 93.62 98.38 92.94 95.58

MUK =, ELECTRA-BiGRU-CRF 7£ % =) H 19
D3 SCA R R RS 2 0 TR A 8. BT &, 0T

“i/?/\%ﬁaagcﬁﬁ&ﬁ;{j{”“ﬁ/g//qJEnuﬁ,ﬁinuiﬁEﬂ*ﬁﬁnu%%n
CEETIX 8 FESLARIRIN Fl-score $41E 95% LA L. %8
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AR, TSR T SC R 1K JSON U4, i@ Id py2neo
T A SEAAR U fE AT R SN, ] Cypher
EEHT I ARG . . ISR

AT FEHET 3826 Hy HL T I, A 1 H S LB
BRI . X BRI 6569 NN, Sk Al SR
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Node labels
D €D LY
(EagEe) (1D o
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BERT #1 DKPLM L, Fl-score %74 Frit 7. i/
ERNIE #8 |-, R B W48 5 ik mEda
BT, RIAEX R VLB E. SR S, 2T B E
PERBFE ST AR R4 R 0L T, K

TSR] 73R, X R W 5] N JE 4G H1 ISC
A, A AN R 2 4R T 1T VA A R
RIFRAE SCASAE S, RERG LT /) SUER R 915 B4R TT,
AT B v P s A A P HE T 1

2 A~ X
neo4j$ MATCH p=()-[r: Frf#FAR 1—() RETURN p LIMIT 500 P & w
BIFEEPHT .. ~a
4,
e Fa Node properties © >
%
E2] B WL
o wHE <id> 362 ©
A AEIFSE ©
Text e name 4362 ©
= e X e o
B g = - i
Code S ==
Wv‘f - DR © J
& . 8 —efeE: 1, A ©
i MEGEER. 2. E
EEE.. LT E B, &BELEE
RENERSE. 3. L
L I8 IS K
[ifT:3 ERNKADHSER
EatEn THRSHEEE. 5
% ) BHRE: 1. B o

«z%““*%%

.
g )

B {ERIR0.9M/S, F5h
BRIE(ESTIR1.0M/S,
a 2. GITR TN ATRSE

s SRR

R o6 AU

eIkl AR A
1 AR BT B, DA (R 1R ) L— 2 1629
2 AR TG B, R — IR 693
3 BRETDERE AN, FLAR R A IE A 406
4 BRETGEEHIAN, FEARPEE AT IR R RN, SR EF IR 161
5 B L A 214
6 SLAt 723

R T FET RS S BR RHER 4R (%)
LT Accuracy Precision Recall Fl-score
BERT 75.99 72.71 77.65 74.60
DKPLM 77.66 74.95 77.49 76.01
ERNIE 77.03 75.07 75.34 75.18
x8 FETREMRINIESHMEHELSR (%)
(et Accuracy Precision Recall Fl-score
BERT guid 77.45 75.29 74.57 74.74
DKPLM_guid 79.33 77.25 77.62 76.74
ERNIE_guid 77.45 75.80 74.57 75.07

4 bR

AR SCHET ) LR T B 12 H T B R
FRANR I, ST LR P R A WO AR, sk
PUAHTR S R, A T ELECTRA-BiGRU-CRF

ARSI %, SINEA T HAb S LAY 78 2 Wik
s A SR AR PR e, 95 Sk TR R IR 1 ) %
BRI A B R, 7R R AR, A&
W FER R U 25 S0 4 3 (1 B AR, L S A Y
e 2 2] EITEAF At ) S8 A5 R R RN, 285 R8 i R 1 11 S
A PSEHE K, CHRTHEAM R BRI SRR, %05
IR 3 RN R R A B BEAT S, SRR A5 R W] 7 S
TAHER RG] T IRTF. AR H R 7 i Re s S A R0t
S8 RTR P R L R A g ) R AR

= 2 R P 0 PR A S B TR 9l A 55 A I FH — LA
SRt A B TR fE RS TR, N2
AP B LRI 3 EHs, W TR S8 B AR E 1 T
K, LT 5ol 5800 o0 A, SRR 30, i e
M RHE R e AE R R L HOSRIL. BUAN, AT
FOAR IR R B 22 P A2 S 4 RNR B By ik
H)VAEER

S E 3Rk
| EE 2z, XUEELL. ik (a5 )L 25 T B R A5 Je A KRR N
AETH. T MIZEZE, 2023, 54(10): 46-51.
2 AR R, WS, PR, & WA 20152019 4 )L E M =
A TR SR B S W TR R R R R SR R A R
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