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Application of Multiplex PCR Capillary
Electrophoresis and Analysis of HPV
Infection Subtype Distribution
Characteristics in Baotou Area
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Abstract

Objective: To analyze the distribution characteristics of female human papillomavirus (HPV) infec-
tion subtypes in Baotou area and discuss the application value of multiplex PCR capillary electro-
phoresis fragment analysis method. Methods: From April 2024 to June 2025, 868 women (aged be-
tween 18 and 75, including 520 patients and 348 physical examiners) who were screened for HPV
subtypes in Baotou area were selected as the research objects, and the HPV virus infection subtypes
were detected and analyzed by multiplex PCR capillary electrophoresis fragment analysis method.
Taking multiplex fluorescence quantitative PCR kit as a reference, the diagnostic efficiency of mul-
tiplex PCR capillary electrophoresis fragment analysis method was judged by measuring chi-square
value, and the consistency of detection results was judged by measuring kappa value. Results: The
total infection rate of HPV virus was 45.85%, among which the positive rate of high-risk subtype
HPYV virus infection was 35.48%, and the positive rate of low-risk subtype HPV virus infection was
3.92%. The detection rate of mixed infection of HR-HPV and LR-HPV was 6.45%. The detection rate
of single subtype infection was 27.88%. The detection rate of multi-subtype infection was 17.97%.
The common subtypes of HPV infection include HPV52 (9.68%), HPV16 (6.91%) and HPV58 (6.91%).
The calculated positive rate of physical examination was 45.40%, which was close to the calculated
positive rate of patients (54.76%), and there was no statistical difference between the two groups
(z%2 = 0.047, P > 0.05). Taking multiplex fluorescence quantitative detection method as reference,
the sensitivity, specificity and kappa of multiplex PCR capillary electrophoresis fragment analysis
method are 92.96%, 94.04% and 0.854, respectively. Conclusion: Multiplex PCR capillary electro-
phoresis fragment analysis method can show good results in the detection and analysis of HPV in-
fection subtypes, and it is worth popularizing.
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UG . HPV26 WA # . HPV73 WAYH . HPVE2 WAL #: HPV ik #H %G I : B4 & HPVE 11
ARG HPVI1L WAL . HPVSL WA EE . HPVA2 WALHFE. HPVA3 WAV . HPVA4 AL 7.
HPV/83 SV ALJp 75 [2] . B S0 5 o A2 7™ FHL gl A 5 % [ L e 2 A e FROIRAS IR M SR i, $6Fh HPV 9%
T REA T HPV % 17 HLRE b 5 30U G B R S, AT g i S P28 HPV s 23 B 4L 175 i
2 TR 42 ) 5 S0 005 [ e A ¥k [3] o SCE NSk HbIX 868 154552 HPV SR 25 Lo ik i i3t %, s
Fl 2 # PCR BN Bk A BT J7vETT & HPV i 32 B W ARG 43, I RARGE IR .
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2.1 —fg7Es

Frik 2024 4 4 [~2025 4F 6 H ARG SLHLIX 868 572 HPV MU B & LA At st %, AR
It T 18~75 %, “V#4(45.37£3.48) %, H W&z B 520 4], Eik3 348 15, FrA w8 Rk
X HAE N

AV FERT LS A B TE JIE W B 74 B, B VR AR B 70 B, ARRETE R H O R
68 i, AEFHIE Ml & MR B 58 B, BEAE HPV EYeiiss 50 7, HAhR SRR IR B
80 7, & IAFAEMIRHLL b i3 70 9, R 5 AR 50 i, AR 348 (3L b 86 HilRiE T =
Bel TiekbaE, 262 R IE TR RS HLAA) .

W GOEBCE AR IsIE M HEBR AR . © GIFFLE OIS s RS S B w5 RN ™ &
B @ EASI M @ ATEFIRIAI Lot @ IEIRW Piid R A e R 3 .

2.2. WMAE

FRIE R ARHIT O G E S %4, 73 nlliz F 2 8 PCR B4 Mk i Ba et ik 5 2 Ot e &
PCR J7iE T et Ab P 78 . HAH S B2 W4 1.
Table 1. Relevant information of multiplex PCR capillary electrophoresis fragment analysis method and multiplex fluorescence

quantitative PCR method
# 1 ZEPCREMEBRKFENNFESZERNEE PCR FZENEXER

7k SEIELR R NIFRSP R 24 ) % 45 SR A5 (S5 Ct #U{H)

% PCR E6/E7  42.00°C 5.00 min; HPV16 ¥ 8, HPV18 W 3, HPV31 T2 3, HPV59 ¥ 8, HPV66
B B =R 94.00°C 8.00 min; WA e, HPV33 e, HPV58 IFAL 2, HPV45 W72, HPV56 IFH 8,
kB 95.00°C 10.00 s, HPV52 WA &, HPV35 A 8, HPV68 A 8, HPV51 A 2, HPV39
Wik 60.00°C 30.00 s, WAL, HPV82 W2, HPV26 IEA! 2, HPV73 W2, HPV6 IH#b,

70.00°C 60.00s, 35 HPV11 WA b, HPV81 WAL, HPV42 WAL, HPV43 WA b, HPV44
fE3K; 70.00°C 1.00 min FAL P, HPVE3 Wb, HEIKF5:. S-globin pcDNA K541

Z B3 L1 ZRF 50.00°C 5.00 min; A: HPV16 W7 2(36.90), HPV18 I %! 2(36.20), HPV31 i % 2(35.50);
SE & PCR 95.00°C 10.00 min; B: HPV59 1l 4 2(34.80), HPV66 i % 2(36.50); C: HPV33 i #! 2(35.70),
i 95.00°C 10.00 s, HPV58 77 3(35.40), HPV45 i 3(35.00); D: HPV56 7% 3(36.00),
58.00°C 40.00s, 45/ HPV52 iIr# 2(35.10), HPV35 7.7 2(34.50); E: HPV68 V7 2(35.20),
EN HPV51 7% 2(34.60), HPV39 I %! 2(35.50); F: HPV82 W% 3(35.80);

2% 5L [K(36.70)

#3E: 23RR HR-HPV; PRIR LR-HPV; A~F R/RZ HWK TR PCR RIBAAK R A FBANE HPV AL I 28 51 iy %o B2
H] PCR N5 e B
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NIEHIF TN G 1 HPV 5 B 5 B G 3R I 55 408 45.85% (398/868) , £ rh i /& I 7Y HPV 3% 7% (HR-HPV)
JEYL PH MR I AN 35.48% (308/868), KfEEAY HPV i E (LR-HPV) B G2 BH 4 2 M BB N 3.92%
(34/868); HR-HPV 5 LR-HPV i £ R Yuhty tH 2 I K0 6.45% (56/868); A — I 7L I ey Hh 2 01 40 4
BN 27.88% (242/868); 2 WV B Ykt Hi R S A{E N 17.97% (156/868) . v ULIT HPV s 5318 e 7 Y
£ HPV/52 955 43 1. 784 (9.68%, 84/868) - HPV/16 7% 77 31 714 (6.91%, 60/868) Al HP\/58 J% i3 31 714 (6.91%, 60/868) -
PR BRI S EUE N 45.40% (158/348), 512 # BH I S HAUE 54.76% (240/520) 8z,  4H A %R
ARG 2 0]( = 0.047, P> 0.05). LAZ HIOGE ERINITEE NS, £ PCR BAME Ik B
G3 BT TV U LI S B 92.96%, R 5 FE DI (B 94.04%, kappa {E % 0.854.

4. #ig

SRUE T A [F 1 X 5 AN RN A HPV o3 73 B G 80 SA{E Bk s 35 22 o, LR PRI Y 93 A1 25 1) B 9]
B[]

AW ISR RHRIE, 7E I EE 2 MR HPV R f YRS AT, BH SRR HPV i
RGN RIS R], FOEE 2 P8 HPV R 2RI U AR BB B, R AR BB SEREIR I 2
FEXS B i [5] o

FAEWFISCHR R HROE, 1E R AR 2 RS HPV 90 8 USR5 2, BB N R AR B 2 Ar
TWAER R, HLRES 51 350 E BRI R A R 1 £ T 31.80 £i%[6]

RS TR 2 52 TP HPV i 83 B R A S O R 3R, A R B AL SCRIESE, RE o8 HPV
T3 BRI R A S5 R Z BRI “U” FRURFE, HRE AR E g5 R i B 2 R,
SRIM S — NS S WAL TE 75 AF Lo PR T, B8 MRS Ry W AR TE 45.00 % LU (7]

BRI LR 2 BT DA B R MR R AR HPV R 8By s, BRI T HAE RGN AR
R, AR H S5 A IS AR B 8] -

THIE HPV R B2 2B, 2 91 BN R AR B S0 A B R AR R SRR, A S8 HPV
BRI BRI AR, AR ) ) SERTAE S R A U TR 4 ) RO [9] o SRR AR HE it {80 e o v e .
B HPV BRI G LA, fEORI Ve S iR, DA T MR AR A7 T & 07 T R R A ARAE A

% i PCR BN HIK T B W 7202 Bl 3 7 B 22 Ao JEL AR A I o B R vk, R 2 B RE R
WA B UK AR I i, CE TR R H L0 5 ol 07 7 T4 sk i) i 23z F[10]

TEARHE T, NIEHE TR G HPV 5 35 R G R 2 {5 45.85%, Horbis G AL HPV i 7/
GLPH 2RI S AUE Dy 35.48%, (KSEIEAL HPV i B¢ & 4L PH 1 2 U 5 8UE y 3.92%; HR-HPV 5 LR-HPV i
A IRk 2 S HUE Y 6.45%;  H— YRR H 2l S A{E Dy 27.88%; % IV AR LA 2 I B U
N 17.97%. BONE DL HPV 3 23 B4 B AL B HPVS2 Ji 5337714 (9.68%) - HPV/ 16 i3 57 1. 214 (6.91%) £l HPV58
JRERLAL(6.91%). PLZ B9 E BT ENE RS, 28 PCR BANE MKk BT 72 B U R I 54
B0 92.96%, i B EEE A 94.04%, kappa {4 0.854. AV 7t HUAS IEIAH S Hicdi il 5 45 FAE sz, A
SHh X ARG HPV Wi eE, LAsifaiA! HPV s 46 K 240, 12 2 8 PCR BAIE ik v Bt i i
FEIE HPV Ji B G AR, RESREUER AR 45 5, (A5, H N RAGIRE iz H .
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