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Abstract

Objective: To investigate the association between vaginal microecological status and human papil-
lomavirus (HPV) infection among women attending the obstetrics and gynecology outpatient clinic
in the high-altitude region of Xizang region, and to provide a theoretical basis for preventing HPV
infection and related cervical lesions in plateau areas. Methods: A total of 299 women who under-
went both HPV testing and vaginal microecological testing at the Department of Obstetrics and Gy-
necology of Lhasa People’s Hospital from August 2025 to February 2026 were enrolled. Clinical data,
vaginal microecological indicators (including flora density, diversity, dominant bacteria, Nugent
score, AV score, etc.), HPV genotyping results, and TCT findings were collected. The chi-square test
or Fisher’s exact test was used to analyze the associations between vaginal microecological abnor-
malities and HPV infection as well as TCT abnormalities, and odds ratios (OR) with 95% confidence
intervals (CI) were calculated. The Cochran-Armitage trend test was used to evaluate the dose-re-
sponse relationship between the number of microecological infections and HPV positivity rate. Re-
sults: Among the 299 patients, the prevalence of vaginal microecological abnormalities was 49.8%,
with bacterial vaginosis (31.4%) and aerobic vaginitis (23.4%) being the most common types. The
overall HPV positivity rate was 28.1%, and the high-risk HPV positivity rate was 20.7%. The pre-
dominant HPV genotypes were HPV-16 (4.3%), HPV-58 (4.0%), and HPV-52 (3.7%). Women with
microecological abnormalities had a significantly higher risk of HPV infection compared to those
with normal microecology (37.6% vs 18.7%, OR = 2.62, 95%CI: 1.55~4.44, P < 0.001). Aerobic vagi-
nitis (OR = 2.64, 95%CI: 1.50~4.63, P = 0.001) and bacterial vaginosis (OR = 2.18, 95%(CI: 1.29~3.70,
P = 0.003) were significantly associated with HPV infection. Patients with an AV score =3 had a sig-
nificantly higher HPV positivity rate than those with an AV score <3 (49.1% vs 23.5%, P < 0.001).
The HPV infection rate was highest (40.8%) among those with gram-negative shortbacilli as the dom-
inant bacteria. Women with reduced /absent Lactobacillus had a higher HPV positivity rate than those
with normal Lactobacillus (42.9% vs 30.2%, P = 0.013). As the number of microecological infections
increased, the HPV positivity rate showed an upward trend (17.5% in the no-infection group, 45.7%
in the single-infection group, and 34.6% in the dual or more infections group), and the trend test
was statistically significant (P trend = 0.002). Women with dual or more infections had a 2.50-fold
higher risk of HPV infection compared to those without infection (95%CI: 1.29~4.84). Regarding TCT
findings, women with microecological abnormalities had a significantly higher risk of abnormal
TCT results than those with normal microecology (OR = 4.35, 95%CI: 1.41~13.51, P = 0.006), and
women with dual or more infections also had a significantly higher risk (OR = 2.88,95%CI: 1.07~7.73,
P = 0.030). Conclusion: Vaginal microecological imbalance is highly prevalent among women in the
high-altitude region of Xizang region. Aerobic vaginitis and bacterial vaginosis are closely associ-
ated with HPV infection. The severity of microecological imbalance is positively correlated with the
risks of HPV infection and TCT abnormalities in a dose-response manner. It is recommended to pro-
mote vaginal microecological testing in plateau regions and integrate microecological assessment
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into cervical cancer screening protocols.
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1. 518

B i (Cervical Cancer, CC) & e VEAFH 22 Gt fic 5 WL ISR VEINRE , A& A BR A 28 DY DR LA Jie e
JE PR AR B 2 G M R R R AL [1] . A FLSKJRE 9 B (Human Papillomavirus, HPV) I FRE2 L, T2
=GR HPV (High-risk Human Papillomavirus, HR-HPV)JRFSLE Y, J& 5 20l L 7 P9 J 28 (Cervical Intraepi-
thelial Neoplasia, CIN) & & #itj i 1 225 R [2] . 7E 5 31 HPV QLSS 3500 A8 - K JE N 5 3 i e R v
JRE RS RS EEAEH . SRR TYEREE 2, RS2 ES p &R YR R AR
WIS, AT BRI G ER J E SUR AR R A . IR, R E AR AR A S K S
B3 HPV G fdk — 0 B 305 AR A7 A B 5 OGHK[3] [4]

PSS R R NS RGMA 2 —, BN AIMEDERE. WA RS HiER
T 8 W R 38 e RGeS RV AR [5] o BH T8 P LT T 0 24 437 B 3 A A P A Sk Ve Y, 3 5 0 At 99 3 fk
R B 20 PN (B SR R LR, 3 B SR R TS IR AT, P HL At B A TR o B AR K [6] [7]. M2 BB
AR . ARG S B AT b I 1 55 P Rk R AR R DR R I, 4R 2 F T R A, TR
JR N A FEE B e R B B AR 55 25 P A B fR R i) (8] [9]

P 0 DX R A thE 5 5 = W e B T, A2 R R TE R R Hh B R A N\ B R 1)
AETER B SIS R, AR A TE R RGP R — @ RERTE . HAT, PUih X HPV R GLiit 7 4 i TG
A DB AR SRR o — DOV 0T v 5 1 X 300 07 A5 11 3200 451 HPV FEME B It st b, R Hip®
T o s TR SR G 7 o P S g b rh i vl PRIV TR 32 38 16 719(13.61%) . 52 719(13.30%) A 58 #1(12.15%) [10].
P T IO X — 4 DX IR 55 AR o R B B s 124 X 2900 0 2 R85 v HPV BHE 3 13.5% [11]. #RT, ]
TERAERSS HPV IEGR CIBEAE T 78 Ph gk M X v J8 25 . b T AR EEBE A=A T 2025 4F 8 AfE4 X
B R J 22 P B R I B AR AT A, SR T XA I . B FEE T B [ T2
BB, R0 U R X M B A AR S HPV S e SN i 2 5 (AR e, DA A s
X T HPV J G S A 5% B 200755 A8 $2 L B 12k 47
2. WEE5HE
2.1. ARMR

N 2025 4F 8 H & 2026 4 2 HHAA T PR 6 X R g i A RERE A= FBH T2 RN AT HPV A &2
FHIE AR A AT R 8 . INbRdE: O A PEAETE S HoRFERT 48 h IWEMEATE: @ ArARAERT 3 d WK
FHTE R 24 S B i @ ARACKAENT 7d WEHUAERNHL; @ FEESIMAWRIT. HFibad: O G5
PRIGEC™ B A - AR s @ BEIHEVIARG . SN TFEYIBRAE: © HPV EEIEARITE;: @ IfK
WRASWELFEE:; © ALlatt; © AR SRH. g 299 fil4&tt:, FHrb 279 51 [F R 5 B

DOI: 10.12677/acm.2026.1672531 334 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1672531
http://creativecommons.org/licenses/by/4.0/

2N

TCT B,
2.2. AR AE

2.2.1. IGARFTILER
WCERBF SN RIAERS . RO 220k, PR, T S T L ISR . RS E— B RL, BA
Je HPV Zp Al BRAE AN TCT i iR,

2.2.2. iFERESEN

A bR AR IR DA fL e i,  SREERTHAIAN B E REH & W], TEPlE I

FIIE S E PR AR AL SR A8 BIE AR S — R T, EWTIE )5 & eI E M BE | 1/3 At
M 2 SRS, TR T AT IR, R S IR A A TE AR A TR A R R E . A
BTV AN iR A AL BB T B TE M E TR AR R 48, BT B sh s 2 geth iy &
oM, NN 5 AR S . PR R4S WS WREZ AL, L% A . Nugent PF7r . AV 3
355,

HPV FRACRAE S0 45— Uk 0 ' s 40 R AR 25 T B AE 5 SR BMTEEIR b S8 AL, It
WP EF e 5 W, RAE WA AR A S [ E R RAAVE b, BRI R S HPV 25 DNA JIE . il
WA G fER (16, 18, 31, 33, 35. 39. 45, 51, 52, 56. 58. 59. 66. 68 A)AMK/EAI(6. 11, 42,
43, 44, 53, 73, 81. 82 ),

TCT brACKAE SR Al % F — B 30 e Jd 3 20 B SR AE R, BN 5 30 A 2 IS 177 1) Jg 2 il
3k, SRERFEA SRR K AT iR 5T & AR ORAF R A DRAFII R, S o BB SE Bt Jr s et
BB P Kt Bk 15

2.3. CHERE

2.3.1. PRERAESISEIIRE

Wb B R VA R R N FH B RGN [12]38047 45 . MBS IER & h: HREEEE
N~ 2% BEREZRENE N~ 22, RA R NFAATE. pH 3.8~4.5; LR —iRbs W B2 W N & 78 .
TGRS T MEFHIE % (Aerobic Vaginitis, AV). 4 54 M [ 1& % (Bacterial Vaginosis, BV). i 3214 5H
18 % (Trichomonal Vaginitis, TV). 4N BH I8 {5 22 £} % 9% (Vulvovaginal Candidiasis, VVC). BV 2 Wik i
Nugent ¥F4r >7 755 AV EBiikdE AV ¥4 >3 43[13] [14].

2.3.2. HPV R34y 4RtREE

HPV BHPE: AT E HPV WAY; HR-HPV BHE: fth>1 Mrsifava, 2 E & api . & h>2 fim
fE R,
2.3.3. TCT S HhtmifE

WA fa BN LSRR 55 5 2ot AR B RIS R & ) [15]3EAT 85 A R BN
AR BT (NILM) Y T3 A SR BEIR 41 (ASC-US ASC-H). M2 MIBEIR 7 s AR(LSIL). &5
MR b R AR (HSIL) 54K S5 067 9 (SCC) ALY IR F 57 4 a (AGC) ~ Ji o7 i e A i 350 ) 58 S TCT
S

24. G FERE

K SPSS 26.0 B AFREAT GEiH M7 o TF R BURI LA E £ FriEZE( X+ ) B Ar B (VU 70 R 80 R #) o 5
THEBOR BB B 73 ) s o AR BRI R J7 A 36 8 Fisher AE TR IG CYBIR MEL <5 ). THH &2
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& X F ) HLfE L (OR) & 95% B AFIX[AI(CI). K] Cochran-Armitage & #4545 3 il i R ARG AR 5 HPV
Bt 2 IR - RN R DL P < 0.05 27 R Giih s 3L
3. &R

3.1 WRARMNREANFHE

299 BREFEX G, AFEUE LA 30~49 B N (61.5%), % (5 90.6%, CLASHE H 93.0%. AR RN
49.8%, P 4T 11 B 3E 48 (31.4%) 15 UM [ 38 2 (23.4%) f v H WL 0 TR DL 22 BE MR AT RN
(70.6%), FLAT TR Ik /i 2K 15 33.8%. HPV SR FHYER g 28.1%, mifa ! HPV [HYE# ) 20.7%, 28
S°A 16 74(4.3%). 58 %4(4.0%)F1 52 #U(3.7%), =F &t i G PR E0T) 58.1%.

3.2. FRIERESE HPV BpiiB <M

BERRE S HPV BRYSHHATH P E T, SR EIR, BZESTHEE HPV M2 (37.6%) %% & T
AR IEH #(18.7%), ZFA Gt X (OR = 2.62, 95%Cl: 1.55~4.44, P < 0.001). {E&%ZEKGH, AV
(44.3% vs 23.1%, OR = 2.64, 95%Cl: 1.50~4.63, P = 0.001) 1 BV (39.4% vs 22.9%, OR = 2.18, 95%Cl:
1.29~3.70, P = 0.003) 5 HPV JE&H 5 A1, 1 TV Al VVC 5 HPV JEH T 2 X BE(P > 0.05) (4 1).

Table 1. Correlation between vaginal microecological status and HPV infection (n, %)
=1 ERMESRES HPV BRI XM 2400, %)

Pai) HPV 1% (n = 215) HPV BHTE(n = 84) OR 1{#(95%Cl) P18
EH 122 (81.3) 28 (18.7) 1.0
ST 93 (62.4) 56 (37.6) 2.62 (1.55~4.44) <0.001
IR G
¥ AV 176 (76.9) 53 (23.1) 1.0
AV 39 (55.7) 31 (44.3) 2.64 (1.50~4.63) 0.001
7 BV 158 (77.1) 47 (22.9) 1.0
BV 57 (60.6) 37 (39.4) 2.18 (1.29~3.70) 0.003
T TV 204 (71.6) 81 (28.4) 1.0
TV 11 (78.6) 3(21.4) 0.69 (0.19~2.53) 0.570"
7 VVC 203 (71.7) 80 (28.3) 1.0
VVC 12 (75.0) 4 (25.0) 0.85 (0.27~2.70) 0.777"
e R Fisher Kifikage: AV: HEMEPIER: BV: IEVERIER: TV: WRVEER: VWC. SN BBz

BEGIR -

BB A VP2 SR BERFE AT s, AV 1P4) >3 433 HPV PR (49.1%) B & =T AV iP5 <3
73#(23.5%), ZRAAFSG I FE X (P < 0.001). Nugent iF4r > 7 433 HPV [HPEZ(40.0%) 5 T 0~3 403
(23.9%), {HZERARIEG2EE (P = 0.058), fLHAFE I AH HPV YL E (P = 0.040), H A =[]
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PEATFF I R4 % HPV IR Y% 5% 5(40.8%) . FLIRFF 4205 HPV RYLE A K (P = 0.013), FLATHE
ARG 2% + 111 2 + BERHNHD A HPV BHYE 2 (42.9%) & T AT 3 15 4 (30.2%) (£ 2).

Table 2. Relationship between vaginal microecological scores/microbial characteristics and HPV infection (n, %)
2. PBEMESERKERFIES HPV BEEHIXFR(n, %)

iz WAl HPV Bk (n = 215) HPV B (n = 84) P{a
0~3 4% 150 (69.8) 47 (56.0)
Nugent -4 4~6 7y 38 (17.7) 19 (22.6) 0.058
>7 5 27 (12.6) 18 (21.4)
<34y 166 (77.2) 51 (60.7)
AV 3~4 4y 28 (13.0) 27 (32.1) 0001
5~6 4> 11 (5.1) 6(7.1)
BRI 10 (4.7) 0 (0.0)
B2 MR B 161 (74.9) 50 (59.4)
2% PR EER A 2 (0.9) 81 (28.4)
A 22 I AT B 42 (19.5) 29 (34.5) 0.040"
2% IO B 3(1.4) 2 (2.4)
TR HE 7(3.3) 1(1.2)
I %% 12 (5.6) 3(3.6)
la 2% 138 (64.2) 43 (53.6)
FLERAT B 43 % b 2% 20 (9.3) 17 (20.2) 0.013*
1 35 (16.3) 19 (22.6)
BRI 10 (4.7) 0 (0.0)

VE: % HH Fisher K5t .

3.3. FAEMESREHES HPV BEENFIE - REXE

BEAE A ARG BCRE I, HPV YRR E BT RGN 17.5% (29/166), H—i&i4l )y
45.7% (37/81), W E K UL _FJYLL N 34.6% (18/52). Cochran-Armitage Fa# 4656 Bon, %% B ST+
(P trend = 0.002). XU J¢ LA F &G HPV EGY X /2 To i 4u7 1) 2.50 5 (95%Cl: 1.29~4.84) (4 3).

Table 3. Dose-response relationship between number of microecological infections and HPV infection
3 WESEEHES HPV BEEMTIE - REXER

BAHE 2R HPV B4 HPV BH OR 1E(95%Cl) % PAE
TG (S 1) 166 137 (82.5) 29 (17.5) 1.0

g 81 44 (54.3) 37 (45.7) 3.97 (2.23~7.07) 0.002
ME J UL E 52 34 (65.4) 18 (34.6) 2.50 (1.29~4.84)
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3.4. JRIEEMESS TCT RENXR

279 BIFINAT TCT B A E T, TCT 25 F N 6.8% (19/279). WAL H#H TCT 4 % (11.1%)
BERTMESIER &(2.8%), Z3H% %% X (OR =4.35,95%Cl: 1.41~13.51, P = 0.006). #— 5
R, WHE KL FEGLRE TCT 54 26(14.3%) 78 i 35 i T o 4y (5.5%), OR = 2.88 (95%Cl: 1.07~7.73,
P =0.030); T —/E&YE TCT R o i LH(P = 0.716) (55 4).

Table 4. Relationship between vaginal microecological status and TCT abnormalities
F* 4 HEMESRERSS TCT RENXR

MAESRE B TCT E# TCT OR 1 (95%Cl) P{H
IEH(Z18) 144 140 (97.2) 4(2.8) 1.0
FH 135 120 (88.9) 15 (11.1) 4.35 (1.41~13.51) 0.006
TG (S ) 219 207 (94.5) 12 (5.5) 1.0
ARG 78 72 (92.3) 6 (7.7) 1.44 (0.52~3.97) 0.716
PIE9 N 49 42 (85.7) 7 (14.3) 2.88 (1.07~7.73) 0.030
4. g

4.1 AEEEREEX HPV REIMR

AHE T, PO I R XA P R 12 5012 AR HPV BRI LR N 28.1%, HR-HPV & 4L % N 20.7%,
T E A 2 OB IRIE R 17.7%, E 2 HR-HPV #4514 16 A1, 58 BIf1 52 AU, 54 Ll 52, 58, 16 7
N B TEA — 3 [16], {H 16 BITEAMX & HFE =1(21.0%), #2787 H AT 16 B HPV (B fa. At
X HPV e 45 i 1) i R P e 5 e i AR A B . R7 R mT Rtk AR BROIR S R 3 0. — T xd iz
B X P RN, fE A HPV R TE PV B R i s A 2 20 16 £Y(13.61%). 52 HY(13.30%) K&
58 %1(12.15%) [10], SABFFAMN AT —E, H—PWAE 7 AHIX HPV BRI R AT RFAIE

4.2. PSR XIRERESKEHINR

P A S 70 RN 49.8%, BV (31.4%)F1 AV (23.4%) 2 5 v WL I i 2880 . 5 [ N 22 PO ik 5 (1
AR T72.7%) [171ME, A X RS 50 AR, AT AeS 5 T AR T L 350 1 A
KA. H BV M AV (w2340 5 R EA. 8O v S FE AN 90.6%, FHAMURE R IR B AR 38 ST 15
AT RERC I IS T A L, TR A . (AR R, AHIX VVC A H 2R (5.4%) I SAK T P4 M4
TE[17] [18], X5 PaH X S ME TR IEAF %, ZHWFIUESE VVC Bk TSRS LR X [19]. #2
75 P L X 2 e A R g vl R T X e S o L R M XA RS, R R AR AR L TE pH (A
Emm T PERA, HEERAERE > 5 F—RMAS KRN G R, R RARTHE T
SMA[20]0 [EINT, JEUBRAL G R T A B B N AU 188 A% ] it 2 52 i vy Jir e DX S S 1l A A5 T B N 3%
H ¥ 5 1 — IR AT

4.3. FAERNESS HPV Bry <

A FE T YR AE T G DX IE SR U E S e i 5 HPV JBRL/EFE R 22060, AR RHEE HPV B
& I 1 2.62 1%, 5 E P ANEIZERE T 45 B —5[21]-[23]. AV 1 BV 4358 HPV 4% XU 0 2.64
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f5A0 2,18 %, $R/NIX A EA MBS %% 2 HPV YL E B G R 2. [ 4 2% 3 70 B SR b X i Tl
W HPV B 5 EHTEMAR S 8 BB R [24], i — D3R T A R4 . AV W >3 733 HPV [HPER
B E T R(49.1% vs 23.5%), #EEHIVERIAT R ONIRA B E HPV LA 5 51 (40.8%), FLAT B> 1k %
HPV &G X1 0, 3 —DAUESE T FUAF B AE4ERp FTE (e . HUME HPV SR Ge b ) G B FH [25] . FLAT Bl
R b A SRR A R AT S 2 AL R DI R ST A, D SR X — B
MRS, AN HPV 5 EE[26] [27].

Bl A A BRI N, HPV B 2R 2 8 2 BT3P trend =0.002), XUEE & DL FIER LSS HPV X
B A2 TC R 1 2.50 £ o AFXANIR /R BAAR A E TR Sy, H A BEHE 55 o — R e v T X0 S DL e
K—EEIRER. WX EIT R AHE: © Rl mR: AR R 2 Qe 28 Al
FERH BV AV, VVC. TV 555 DUEGY, 084 PR S H A M 85 J5 AR 78 75 AN 4o S R kol
(M RES HPV AR5 PIR R, FEONE K UL YA HPV BHE R R . @ JR 7 fmf: WE A&
DL e RIRER B B . AR o 0y, W RERESZ 1 AR P B B R8T, AT A 4] 1
HPV KL FE MR . G FEASAT R : X J LA I YL 2HAY 52 4], L 34.6%BH P 2 1) 15 X [ 45 58 (95%C:
21.5%~47.7%), fhTHEFREAFEME IR ZE . @ RMERTRAREFEZR: W7 R, @27, AR5
LA TP RS, FTRETIL T B RBE R B . [k, ASREfA s AR 45 % I I R A5 Y ke
RIS HPV KGREL” g5, RN BIE SRR S HPV BRYL R 2 [AIF1E R ARt
KA, HPWTENLHIAE KRR A TS MR 78 A i@ a7 B AR — 0 i . Rk, XE K& UL R g
(i HPV B R AT 2 To IR e 1) 2.50 1% (95%CI: 1.29~4.84), I A S v i o) 22 S iU/ A IR e 45 7 3
ZRVE, ¥ HAEN HPV TR e s 18 SN, KB TE AR ST BT HPV LB SR B A ()
THRREE .

4.4. FHERESS TCT RERXE

W E 25 7 8 TCT S KU 1E 3 10 4.35 1%, SR Je DAL ess TCT = XU T 155 2.88 1%,
MM — &GS TCT B LR E K. X —RIER, AR M (A2 B LE S Al 2 5 A7 e L T R IR e
U A AR o BE B R IR, 7E 000 0 A R B R AT R AR B T A A T 4 L BE[15] . A
U, SRS R R IR 2 HIERYLE,  NOINER E S0 O 7 A e U

4.5. IGRER R R EARERYE

BT AFIRER, RN © 7 FHXHE BIEMESAN, R SR B 508 I
HEHER; @ X AV M BV BEBNIGST, WKREAEMAES T, AR BT FIK HPV LM ;
© X2 HEFESEGEINGE HPV B MBE VT E L, @ F1xhm EH DR L, TF AT X 0 A FE T I i
RHH -

B FAAE LT JRRYE: 55—, iR e, FEARARX A PR (299 ), #7r WAMEA R
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