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Evaluation of bilateral vaccine cooperation priority countries on Chinese human
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ABSTRACT Objective: To evaluate priority target countries and formulate context-specific cooperation
modalities for China’s bilateral international collaboration on human papillomavirus ( HPV) vaccines,
thereby furnishing an evidence-based reference for optimizing China’s bilateral vaccine cooperation stra-
tegies and contributing to global health equity. Methods: Using a previously established index system de-
signed for selecting preferred countries in China’s international vaccine cooperation, we comprehensively
applied a weighted-scoring approach to quantitatively rank 29 Phases 3 and 4 Global Alliance for Vaccines
and Immunization ( Gavi) eligible countries in HPV vaccine cooperation. Based on 5 first-level index
(legal and regulatory factors, economic factors, political factors, social factors, and technological fac-
tors) scores, a hierarchical K-means hybrid method was used for clustering the countries. Hierarchical
clustering was initially utilized to explore the underlying data structure and determine the optimal number
of clusters, followed by K-means clustering to precisely categorize the evaluated nations based on their
multidimensional characteristics. Results; The toplO countries were mostly Asian countries. African
countries were mostly in the lower ranks. The countries were clustered into three types: (1) Technology
transfer priority (n =3 Indonesia, Viet Nam, Uzbekistan) , characterized by above-average economic,
techno-scientific and political scores, robust vaccine-import volumes, non-negligible domestic manufac-
turing capacity and high political stability—recommended for priority collaboration; (2) Basic assistance
(n=25), approximating mean indicator values, typically low-population or low-income economies sui-
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table for aid-based or concessional-procurement models; (3) High barrier (n =1: India), exhibiting
high socio-demographic and scientific base yet minimal legal-regulatory scores, indicating large demand,
established vaccine industry, but formidable registration barriers. Policy recommendations included; con-
cessional product export plus clinical-trial cooperation with Indonesia, with prospective licensing and
technology transfer; clinical-trial collaboration with Viet Nam; and licensing/technology-transfer
schemes with Uzbekistan. Conclusion: Indonesia, Viet Nam, and Uzbekistan are identified as the
priority target countries for China’s bilateral international cooperation on HPV vaccines. For these
technology-transfer priority nations, cooperation should be strategically conducted through diverse mo-
dalities encompassing vaccine product export, clinical trial collaboration, authorized licensing, and
technology transfer.

KEY WORDS International cooperation; Human papillomavirus vaccine; Cluster analysis; Hierarchical

clustering; K-means clustering
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Table 1 Primary and secondary indicators and their weights in the index system for identifying preferred
countries in China’s international vaccine cooperation

Primary indicators (weights)

Secondary indicators ( weights)

Combined weights of secondary indicators

Legal and regulatory factors (0.48) Vaccine product registration (0.40) 0.192
Vaccine clinical trial approval (0.20) 0.096
Requirements for overseas vaccine enterprises (0.40) 0.192
Economic factors (0.23) Target country economic scale (0.23) 0.053
Target country vaccine import scale (0.67) 0.154
Target country economic system (0. 10) 0.023
Political factors (0.15) Political stability and absence of violence (0.23) 0.035
Government effectiveness (0.12) 0.018
Public service capacity (0.23) 0.035
Bilateral diplomatic relations (0.42) 0.063
Social factors (0.095) Population size and growth rate (0.20) 0.019
Burden of vaccine-preventable diseases (0.60) 0.057
Health system evaluation (0.20) 0.019
Technological factors (0.045) Vaccine research and development capacity (0. 67) 0.030
Vaccine manufacturing capacity (0.33) 0.015
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Table 2 Scores of primary indicators and total score ranking for human papillomavirus vaccine cooperation

Primary indicators

Countries Legal and ) - o ] Total score Rank
regulatory factors Economic factors  Political factors  Social factors Technological factors
Indonesia 31.87 19.18 11.00 2.14 2.64 66.83 1
Sri Lanka 38.40 9.60 10.36 1.74 0.03 60.13 2
Georgia 38.40 9.11 10.94 1.35 0.22 60.02 3
Viet Nam 32.19 12.14 12.37 1.63 1.69 60.02 4
Azerbaijan 38.40 9.41 9.64 1.20 0.13 58.78 5
Bhutan 38.40 8.37 7.40 1.13 0.00 55.30 6
Armenia 38.40 7.51 6.01 1.37 1.58 54.87 7
Moldova 38.40 8.94 6.26 0.95 0.06 54.61 8
Uzbekistan 28.80 9.04 12.99 1.71 1.58 54.12 9
Nigeria 41.47 2.21 8.17 1.76 0.00 53.61 10
Mongolia 28.80 9.57 12.13 1.60 0.07 52.17 11
Kenya 37.76 1.29 9.51 1.57 0.59 50.72 12
Lao PDR 28.80 8.76 11.47 1.12 0.06 50.21 13
Sao Tome and Principe 28.80 9.49 10.08 1.62 0.00 49.99 14
Bangladesh 34.56 2.39 9.44 1.71 1.36 49.46 15
Nicaragua 28.80 8.65 8.99 1.45 1.50 49.39 16
Djibouti 28.80 8.87 9.87 1.00 0.01 48.55 17
India 16.94 10.04 9.07 7.99 3.50 47.54 18
Papua New Guinea 28.80 7.49 9.41 1.06 0.01 46.77 19
Cuba 31.36 4.43 7.55 1.76 1.60 46.70 20
Angola 28.80 7.06 9.15 1.49 0.01 46.51 21
Cote d’Ivoire 28.80 6.61 8.39 1.37 1.05 46.22 22
Guyana 28.80 7.67 5.88 1.35 0.00 43.70 23
Honduras 28.80 7.78 4.72 1.49 0.40 43.19 24
Solomon Islands 28.80 1.84 10. 80 1.56 0.00 43.00 25
Bolivia 28.80 3.66 9.07 1.33 0.00 42.86 26
Timor-Leste 28.80 2.13 10.59 1.26 0.00 42.78 27
Ghana 28.03 1.93 9.59 1.57 0.19 41.31 28
Kiribati 28.80 0.64 6.46 1.32 0.00 37.22 29
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Figure 1 Hierarchical clustering dendrogram of 29 countries
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Figure 2 Variation of sum of squared errors (SSE) with
candidate K values in K-means clustering
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Table 3 Final K-means cluster centers for 29 countries (K =3)

Cluster
Items
1 2 3
Economic factors 1.593 64 -0.22075 0.737 87
Political factors 1.418 68 -0.167 36 -0.072 14
Social factors 0.12129 -0.21769 5.078 29
Technological factors 1.44909 -0.29805 3.104 07
Legal and regulatory factors -0.124 72 0.127 03 -2.801 65

Values are Z-standardized scores.

R4 HPV AR REER

Table 4 Clustering results of HPV vaccine cooperation

Cluster Countries (ranked in descending order of total score within each cluster)

1 Technology transfer priority

Indonesia, Viet Nam, Uzbekistan

Sri Lanka, Georgia, Azerbaijan, Bhutan, Armenia, Moldova, Nigeria, Mongolia, Kenya, Lao PDR, Sao Tome

2 Basic assistance

and Principe, Bangladesh, Niagara, Djibouti, Papua New Guinea, Cuba, Angola, Céte d’Ivoire, Guyana,

Honduras, Solomon Island, Bolivia, Timor-Leste, Ghana, Kiribati

3 High barrier India

Clusters 1, 2, and 3 correspond to the respective clusters in Table 3. The descriptive names for each cluster were assigned based on the characteris-

tics of their cluster centers.

2.3 AIHEFEIGINE O

BOREERE A e A BLml iz Bh A (15501 ) Fi s
BE AV R E RS DL 3 FEREERE IS
RIE AL TR R R R R BB, i mix
BT o B — i i v o RS HLBA S g
[FIEHA — 2 e Tt R RN AE P2 RE ) o R EREE JE vl
EARHE PRI A543 i T HA A [ R iz e v F
KRES AR o Fenh b Bh AR R R AE e
AR B BA — @ U, S e 7 i i
A ARS8 w5 T A — R & T &R Ak
BRI AT B, $2 75 33k 26 ] 52 92 i i VR0
FERIWE A RE S FIBE BT R PP RE AN . Hidh 36 e
EARHE PRI 2 A543 i T R 2 001 H A [ e PR Ay i e A
AN A7 RE TT . EPJE R BE 208 S E R
HAprt R AR R 1550 & T HALE %K,
PR SO E R R W AR T HAE R, R 1R
i S R PN N 3 =S D LS TSN NN =5 98
R T RGEVE M52 i, HC rh ey 39 3 1 40
SRR, EIVEE IR B S0 0 58 ST R A 5k A
54w 4E ( disability adjusted life year, DALY ) 7E44 A
WY 29 A Z P B HEES — 60, BN O Eu & T
HAE R, BN A RS0 B m . B
PRI 2R (975 5052 952 ¥ 0T RE 1) I 1 A4 7 BE T 2
A WHO 1 5D IE 22 v 17 222 JT W il , B A
1995 4E 24 ARk A 8 Al i iy i L 34 350 i
A8 T WHO A ik ( WHO prequalification, WHO
PQ) , ¥ JC HPV LEF I FINIIE . X H27m EDJE BA

SR RE VT A RE DT, BN R kAR T Bkl 3
HPV Rt & | by BOAIERERE 7 ) TP I 3%
T BT DR 2R A P 0 B8 0140 v 7 A A
PRI o 47 A — e BE 4R

\N\\xm

Indonesia [

Viet Nam [ EE e

Uzbekistan |

Sri Lanka R
Georgia ESYZAN
Azerbaijan VA
Bhutan .
Armenia SNZ\ | e
0 10 20 30 40 50 60 70
India %//AN ol

0 10 20 30 40 50 o

B Legal and regulatory factors
B Economic factors

Political factors

Social factors

B Technological factors

3 HABERBER
Figure 3 Score breakdown of countries in each cluster
HH T[] — 2R 48 B B 15 2 22 S 80K, M TH BRIX
— SRR S S, A 55 (8 593 3k EL AL



B SN

E ¥ W)

- 452 - JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES) Vol.58 No.3 Jun. 2026

RBLAS AL 3 190 AR R RKAEA R A 3R
ASEPRIR PR LLZIN R B o B 4 IEAREER AL S
Y A B RS (4970 1i5 1) iy BE 42 98 7 70 [ 58 4%
EPEAT oA T LA [R) 501 6 5 2 1) 7 3K 4Ty e i
A FTANTR] (B 5] P T TR B A 181, Wl AN ] 288 531
B RAEAF IO AP AR 22 5, (B0 A [ 5245 0 1
DLRAMRINE AR B T R R, BRI
SR [E GEAE A 2 N 207 TR JE AR, EIVRE JE 4 I 7
DU DR ZRAT B H 7, 5 28 591 w307 $H 88 Pl A 22
Tr R AR AT 70 R R AR, B8 T Al 5 B
TIFE| 5 S 52 B R[] 5 78 ok P R A A8 B s F
TR R N R A R R BOR N R —E R
B AT I, A R JE A R . REEAR
T8 B R IR IR B B A AN 2 47, AE s MRHE IR A5
i 1 R DR 2R A A 559 A

BT BRGSO I e B
K (EREJE PO, B RS | 5 250 se 0 4H) JF B HPV i
BB A ARSI i, M7 1 B 1 X
AR T S VR R B e PRI | 7 oK™ i 4%
UL FARFHS o

3 it

ABEFE R AT E AR HPV B2 1 E PR A 4E i
e M, BA H B S 2 L DRl R
IR R XS P E 5 29 A Gavi 55 = 55 DU B
[ H) HPV 5 8 [E PR G VR SRR HEAT 00, OF R
MJZR-K BIEIR G RN S E K kA7 4026, 0
AL A R E ZOF LR & 107 30, A et b S
FHORE ST HPV B i AHA 2 v [ P & 1 SR
Rt TSHEHEE,

N e A B — R T I Y R R, AR5 R =
UK WEIR & R K. ABE N RREREMK
WERBREME SRR GRETREST TR
R RS I FL VR S AT RS [, L
UEWTR & SRR 45 & P R 7 Y& B D0 5, S8 B S 4
MIERZERCR . JRUCRZERIMPIR I BEAS EVL IR s
Y JEIREEH Al KB 4R (5L 1 L, el K e
PR B BT K LUEL SSE, nl s PR A% N 5
Wk AT IRAREITEN TSI R
Ve PR AU, G VR0 S R PR AL 137 i 20 s
2, BET7 5 A Rl s i 1) T P 1 O S 7
JEVEAL

WHO %A {2030 4F 4x Bk G i 10FE 42 BRE Jig
e (2024) ) R A5 TR K HPV g2
B IAFIHE, 23R HPV S A w5 5 2 1T

5 20% , 5 1P 2R R RN P R P X
FRESRAPT I BT 10% , HPV #1517
AR AFAEBA 72 AN RSP (g ) A2 e L 7
HPV 40k (1 %2 J R A ERPE W AR R T
HLi . PE M HPV 28 i@t WHO [ TAIE,
AL G LR 1 R A BREE gt BT
JLHr HPV RE1 . " E HPV B8 8 AR 4G ek
SE PEMY H S B 5 O T HPV S [ PR AR B e
TIRSHA T EEE AT R A AU RE
e RS A ER DA N FEREE R,
Bl B e A1 R A 1E 1A 17 3, AT
DML B 48 S VEROR iR BE 223k HPV
PE T RN AR B TH RN P Y i R A S s

Legal and regulatory factors

Technological .
echnologica Economic factors
factors

—o— Uzbekistan
—0— Viet Nam
—o— Indonesia

Political factors e

Social factors

Legal and regulatory
factors

0.8

Technological
factors

Economic factors

—o— Armenia
— Bhutan
—o— Azerbaijan
—— Georgia
—x— Sri Lanka

Social factors Political factors

Legal and regulatory
factors

Technological Economic factors

factors

—o— India

Social factors

Political factors o

B4 &I E R LY

Figure 4 Scoring rates across five factors for countries in each cluster
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