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HR-HPV 255 gy 20 8 Bt 5 2 &5 15 B BE DR
CCL28 7K V-3 ik i e PEF 5

mEAT, £ R, KEE", AR FIHEGRERE a. 08 b, AEFEERE, WAL 063000 )

W E: B ®AEZHEAILBEHE (high-risk human papillomavirus, HR-HPV ) &4 & M mA S5 MiE#E
i CC AALE -F A4k 28 ( CC chemokine ligand 28, CCL28) K-FRiktg %k £, Fik I 2021 554 A ~ 2023 54 A
JEL T da S PR A TR 89 132 4] HR-HPV & 3 & B AR AR 2ot %o ARIE & 45 R HR-HPV 2 3 &5 5 4 3 0 Bk e il A i
SR Fe i, LA P46 CCL28 Ao PAE M & 5 484%. A Logistic ®1)2 547 HR-HPV 4 4: &% 4 69 K& B % . A Logistic =
V3 BAA P 5 75 #4454 CCL28 5 HR-HPV #r 4k B 4 69 K-F 5 % % . A Spearman f= % L& M =)2 4547 CCL28 5
MM AESIBAFNEER, ER BLEAEE, BRBRE A (63.64%) , HiEm I 484 (3636%) . Hirmkfm
BAEHER TR (54.17% 0 16.67% ) . HEZAM [ & (47.92%) . pHAA> 4.5 (47.92% ) . L AALEA AN (54.17% )
Fo A A S KA (66.67% ) 495 HAE CCL28 KT [83.63 (77.11, 99.62) ng/L] 3 & T R H 4 [16.76%, 21.43%,
15.48%, 30.95%, 41.67%, 71.11 (58.12,82.16) ng/L], £ %A A %t 5 &L (1/Z=5.064 ~ 20338, ¥ P < 0.05) .
Logistic B2 A4 R 27, BAEEE [ & (OR=3.556, 95%CI: 1.241 ~ 10.194, P=0.018) . pH{A> 4.5 (OR=4.366,
95%CI: 1.164 ~ 16.380, P=0.029 ) #=& CCL28 7/K-F (OR=1.048, 95%CI: 1.018 ~ 1.080, P=0.002) ;% HR-HPV & #
B H LRG0 e B & Logistic B )3 S TR 7 H 445 R 27, CCL28 55 HR-HPV 4 B e 2 R M X £ (3
LA =0.61, P=0.437) . Spearman A8 % S T4 R B, CCL28 5 4#4 (1=0.205, P=0.018) . BAF% 4% (1=0.429,
P<0.001) . H#ZHE (=0389, P<0.001) . pHAE (=0.357, P <0.001) . FRAMEA (r=0.409, P < 0.001) .
G m AL ES B (1=0392, P <<0.001) AeMidf AL (1=0473, P<0.001) HEZEAMMEXEZ, ERDESIHLERRT,
BAEEEE (f=12.295, P=0.003) Fo@ & S 4% (=9.196, P=0.032) 5 CCL28 Xk AR%, Zit BHEEAHEH
% Hel CCL28 SRRk, AAFERE | . pHAL> 4.5 v CCL28 /K-F427 HR-HPV /& % % 4 3 4 B e 3 e
KA. e ANFLREE; BHIERUER; CC kN ik 28
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Study on the Correlation between the Vaginal Microecology and CCL28
Levels Expression in the Vaginal Lavage Fluid of Patients with
Persistent HR-HPYV Infection

TIAN Meiyue®, WANG Yuan®, CHEN Yingdi®, LIU Xiurong®( a. Department of Gynecology; b. Department of
Reproductive Genetics, Tangshan Maternal and Child Health Hospital, Hebei Tangshan 063000, China)

Abstract: Objective To investigate the relationship between the vaginal microecology and CC chemokine ligand 28 (CCL28)
expression levels in the vaginal lavage fluid of patients with persistent high-risk human papillomavirus (HR-HPV) infection.
Methods A total of 132 patients with HR-HPV infection at Tangshan Maternal and Child Health Hospital from April 2021 to April
2023 were selected as study subjects. Patients with HR-HPV infection were categorized into the single infection group and the persistent
infection group according to the review results. The CCL28 and vaginal microecological indicators of the two groups were compared.
Logistic regression was used to analyze the risk factors for persistent HR-HPV infection. The dose-response relationship between
CCL28 and persistent HR-HPV infection was analyzed by fitting restricted cubic splines with logistic regression. Spearman and multiple
linear regression were used to analyze the relationship between CCL28 and vaginal microecological indicators. Results ~After the re-
examination of patients, there were 84 (63.64%) cases of single infection and 48 (36.36%) cases of persistent infection. The
percentage of colony density grade I (54.17% vs 16.67%), colony diversity grade 1 (47.92%), pH > 4.5 (47.92% ),
hydrogen peroxide positivity (54.17%), and vaginal microecological imbalance (66.67%), and the level of CCL28 [83.63
(77.11, 99.62) ng/L] in the persistent infection group were higher than those of the single infection group [16.76%, 21.43%,
15.48%, 30.95%, 41.67%, 71.11 (58.12,82.16 ) ng/L], and the differences were statistically significant (y’/Z=5.064 ~ 20.338,
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all P<0.05). Logistic regression analysis showed that colony density grade I (OR=3.556, 95% CI: 1.241 ~ 10.194, P=0.018),
PH > 4.5 (OR=4.366, 95% CI: 1.164 ~ 16.380, P=0.029), and high CCL28 levels (OR=1.048, 95% CI: 1.018 ~ 1.080,

P=0.002) were independent risk factors for persistent infection in HR-HPV-infected patients. Logistic regression fitting restricted

cubic splines showed a linear relationship between CCL28 and persistent HR-HPV infection (nonlinear test y’=0.61, P=0.437).

Spearman correlation analysis results showed that CCL28 was positively correlated with age (7=0.205, P=0.018), colony density
(r=0.429, P<0.001), colony diversity (#=0.389, P<0.001), pH (=0.357, P<0.001), hydrogen peroxide (=0.409, P<0.001),
leukocyte esterase (7=0.392, P<0.001), and vaginal microecology (=0.473, P<0.001). Linear regression analysis showed that
colony density (f=12.295, P=0.003) and colony diversity (f=9.196, P=0.032) were independently associated with CCL28.
Conclusion Colony density and colony diversity were independently correlated with CCL28. Colony density grade I, pH > 4.5,

and high CCL28 levels suggest an increased risk of persistent infection in patients with HR-HPV infection.

Keywords: high-risk human papillomavirus; vaginal microecology; CC chemokine ligand 28

"B SRR S S S L A i R R
R, BEPUSEEAMEY, S SRR (Chigh
risk human papillomavirus, HR-HPV ) B4 & 255
B F BRI Z—, JUHIE HR-HPV $RaljEye, Hi
B SR A RS g BN B R, G RO
I HR-HPV Hp2fiy, Paikin, PLEMAESKMES
HR-HPV F&2id e KUS 8 g 5 ¥o BB i 57
M AR 300 . S8 B R R R T S e D g % YA
%P CC b TiA 28 (CC chemokine ligand 28,
CCL28) s&—Ff CC FiE kN T, HaEeREH
A (IgA) LR IAE, |23 SFEEAHOC P I
RO HER S HR-HPV 2R A 6, Hil, 5%
T CCL28 5 BHE 34 25 Fl HR-HPV FF42 8 YL 56 R
WMANTERE . ARWESE BAE T HR-HPV RpaLge %
FRE A S S BATE Ve P CCL28 Y&, LAY
HR-HPV FREE YL i T FAE B IS5
1 #R5HEE
1.1 AP % HEEL20214E 4 H ~ 2023 4F 4 H
LT IO AR {EE B 19 132 1) HR-HPV JE e i 5 F
RN G AR OF HEFES; QFH
20 ~ 60 %; QW2 HR-HPV &Y, HERRRE
OBEAEA B R AR s s @M ; Gt
I —J8 232 D138 ph e sk 2 7697 3 @AL T AR iR
s FLI; AR A, AW L H LT a4
PRAEBE B= A A0 B 23 5y S5 4tk (fRBEHLS 2021-014-
01) .

1.2 AE5HEA AWREOHIL (BUI—S2 588
HIRATD) , BEFAL BN AR A IRATF ),
LS HPV-HC2 Kz iifY (721 Qiagen /A w] ), HPV-
RNA PANTHER Kz {l4% ( & [ Hologic 24wl ) , ]
A SR & CIL AR AR AR A R A
A), N CCL28 1l & IR EAY) TRATRAF ).
13 Fik

1.3.1 HR-HPV &l A A[7 = K A&7 A,
FH 2B i ) BUEy 053 0, B AR A s i AR A
i HR-HPV (16, 18, 31, 33, 35, 39, 45, 51,

52, 56, 58, 59, 66 Fl 68 ) FEP AL, HAK#RAE
PR AR BBV E UL IEAT , ArAS A X BE (S (A
Fe= 1.00 Bl HR-HPV BHTH: .

1.3.2 BT Gl ARG R 5 SR ) R b« BURE 1k
A 1.3.1, FAMESK RGN, 0% PHE. &
AALE. FIAMERRG . MRV IR A . R . TRAE
AR MR RE Z R R R . AW RS AR
MEHEPET ~ MY, DL R D FLRRAT A BB IE R
PH < 4.5, H4NMMEREEBA S SO BB A 25
g 7 AT TS R A B8 A 25 0 o

1.3.3  CCL28 /KA BHAE S A 2SI ORE J5
Sml A R K Pk BB 5 S AUE S0 E, IR
YEWL, 2 000 r/min B5.0> 10 min f42H Fifw, G
IR AR W FFF 2 KGN CCL28 KT, EARER R A% 4
AT

1.3.4 HR-HPV 2L BRI S or e . AR
X HR-HPV AP, 6 ™A JEEABM:, sk fHPE(HRE
PRI R AN AL 55 B YRS i JRR e B R A 2 Sk B SR
FE U HR-HPV FHM:, 6 AR AN, HILHE
TR 55 P KGR SR PR R 5 SN Ry 1, R
I8 6 D H G E A 454 HR-HPV B 5543 Bk
YL R R g e

1.4 %its o4 JH SPSS 25.0 #7820
Mo THECTOR n( % )R, dlm) 225 L ) K06
JH Shapiro-Wilk K564 Wi PERHR S R IER 0
IEBAARTH ORI S + il (xxs) £
AN, PHYLIN 22 5 U R R ST BEA ¢ 456, B IES Ay
AT HE OB PP A 8L (U4 BElEE ) M (Q,,
Q, )] =~ , B4 [A] 25 5% L ] Mann-Whitney U5 .
FH Logistic [81J9 5341 HR-HPV F5452 8L it KUK [H £
JH Logistic [F1HBLA BRIE ST kRS0 CCL28 5
HR-HPV 7 2 G 1) 7KF- R0 C £ o ] Spearman
I TCLNE [ ) 43 BT CCL28 5 I8 ik A4 S5 AR 0
KFR. P <005 WESEFGITFE L,

2 H#ER

2.1 HRBEUMFFFLE R RMAGERTA R W
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1, BEEAE, PRIEY 84 i (63.64%) ,
Ho HR-HPV BH £ 53 41 (40.15% ) , HR-HPV [H
rfﬂﬁ,\ JR L DR R AN A, 5 1 R R A SRR e R R Y 31
B (23.48% ) ; FREEERYL 48 B (36.36%) o HIK
Y FNFF S B A AP0 . IR 8. IR
1

F-1 £ 60 P Rl R e Y 1 1 i 25 S Y R G i S (3
P> 0.05) . FrEu sl e R 1 9. Wt
ZREE T 20, pH A > 4.5, 3484k 0 B 8 1
HEZASIATH) G I CCL28 7K -4 TR sk e 4
SHAGIFE L (P <0.05) .

AR ERIEEER (x£s), n (%), M (Q,, Q)]

YR R
i 7l P
MH (n=84) (n=48) 12
i (%) 37.73+7.38 38.75+7.16 0.775 0.440
IKEFEE (kg/m®) 23.70 (22.19, 26.03) 24.01 (21.14, 25.85) 0.258 0.797
TR AL 4 14 (16.67) 26 (54.17)
20.338 < 0.001
M+ Mm% 70 (83.33) 22 (45.83)
WHEZH 14 18 (21.43) 23 (4792)
10.009 0.002
M+ M4 66 (78.57) 25 (52.08)
T AT 68 (80.95) 38 (79.17)
0.062 0.804
HAth 16 (19.05) 10 (20.83)
pH {8 38 ~ 45 71 (8452) 25 (52.08)
16207 < 0.001
>45 13 (1548) 23 (4792)
HENE 513 58 (69.05) 22 (4583)
6.895 0.009
P 26 (30.95) 26 (54.17)
H M B e PR 55 (65.48) 25 (52.08)
2.295 0.130
P 29 (34.52) 23 (4792)
IR R Il PR 78 (92.86) 40 (83.33)
2922 0.087
{El3 6(7.14) 8 (16.67)
[{ERIEED GorS EH 49 (58.33) 16 (33.33)
7.638 0.006
St 35 (41.67) 32 (66.67)
CCL28 (ng/L) 7111 (58.12, 82.16) 83.63 (77.11, 99.62) 5.064 < 0,001

22 HR-HPV#H LR EHRERHE WE2 K

JETT HR-HPV FFL2k e (YRS =0,
¥ 1P P <0.10 BIFEFRIEN
G H A AR AR, B
JBEYL Y Logit

. B

=1) fERA
HARE (RBERUES
CCL28 5 HR-HPV 4L

HEZ MM R, A KER 8 I
WHERAERE . WHF 2. pHE.
W2 Il FT CCL28, CCL28 32 H. 15 Fl % 1 5

REHA) .

=
AR,

A

FRS R

e

. K

1 2P IKOF R 0.05/8=0.006 25, 6 36 45 W R,

CCL28 %2 H.IG (Y P{H "~ 0.473,
Bl CCL28 5 HR-HPV #3 £ Jak

KT 0.006 25, i
JEYL Y Logit 5% ¥l 2

[BIAF7E L &R o Logistic 1A /0745 R o,
BEAEE 1 9. pH{E > 4.5 & CCL28 /K F &

HR-HPV &L 5 Frak

< 0.05

)O

LS BB N R (1 P

x2 HR-HPV #3585 BLH) Logistic B34 R
% 4 T B SE Wald P OR 95%CI
el M+ M%=0, 14=1 1.269 0.537 5.577 0.018 3.556 1241 ~ 10.194
WRLREE T+ M%=0, %=l 0.381 0.575 0.440 0.507 1.464 0474 ~ 4518
PH {H 38 ~ 4520, >45=1 1474 0.675 477 0.029 4366 1164 ~ 16.380
LA Btk =0, PHME: =1 -1.075 0.682 2487 0.115 0.341 0.090 ~ 1.298
WEIR T H Bt =0, BHPE =1 -0.040 0.776 0.003 0.959 0.961 0210 ~ 4397
CCL28 J iR E 0.047 0015 9.843 0.002 1.048 1.018 ~ 1.080
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2.3 CCL28 5 HR-HPV # 4t B % 69 K F 2 & %
% UL 1. Logistic [HIHEIA BRI 7 kR 4625
Wos, SO 3, AR fE SR (147.814)
/N, CCL28 5 HR-HPV FFEEHA 5 (=20.91,
P <0.001), BEMHXR CIELMRR F=0.61, P=
0.437 ) . LA CCL28 H{vi %k ( 77.09 ng/L )RS H1H,
CCL28 < 77.09 ng/L, HR-HPV Jg&lt i 43 48 J e
B KUK B AR s CCL28 > 77.09 ng/L, HR-HPV &t
FEE RSB 1) KU TH iR o

24 CCL28 5 MiEmASImUMELIH 4F
% (w=0.974, P=0.012) . K F5%0 (W=0.979,
P=0.041) F1 CCL28 ( W=0.948, P < 0.001) ¥~
EIESS3 i, Spearman AHXC/HTAE R R, CCL28
EjAERE (1=0.205, P=0.018 ) | B FFH4ENE (1=0.429,
P < 0.001) . FREZFEME (7=0.389, P < 0.001) .
pH {H (7=0.357, P < 0.001) . 14 fL% (7=0.409,
P < 0.001) . HAMPEERE (7=0.392, P < 0.001)
FIBEMAEDS (,=0473, P < 0.001) ¥R IEM X
XZ, HIKERE (=-0.163, P=0.061) . {I#
W (r=0.146, P=0.095) F1MER 2 11 B (=0.097,

P=0.268 ) T AHC R, W3R 3, % CCL28 1k
A RAS i, Spearman #1243 P < 0.05 W8 bR fE
JHARE, AL IO R (R R
F=8.427, P < 0.001, J% R*=0.284 ), Z5 4 iR,
B TR o AR R 2 AR S CCL28 a7 Ao (3
P <0.05) .

20

OR(95%CT)
=Y

CCL28=77.09 ng/L

OR=1

0 25 50 75 100 125
CCL28(ng/L)

B 1 CCL28 5 HR-HPV #H4EREHI /K E R X R

x3 CCL28 HHXARR L ER AN TER
23 AR RE S SE Rt 2 A B f P 95%CI
i 0.369 0.198 0.143 1.865 0.065 -0.023 ~ 0762
[l 3 12.295 4116 0.302 2.987 0.003 4148 ~ 20442
TR SRR 9.196 4252 0227 2.163 0.032 0.780 ~ 17.613
PH {f 7.440 4,098 0177 1816 0.072 -0.671 ~ 15.550
A 4.874 5018 0.127 0971 0333 -5.058 ~ 14.806
ARG -4.539 5.089 -0.118 -0.892 0.374 14612 ~ 5.534
UEIDGERN -0.365 6.528 -0.010 -0.056 0.955 -13.285 ~ 12.555
3 itie HEBIE T A0 1 AR A S e A, A T 9 1 2R e

HR-HPV #F £ 8 YL & 5 U8 & 9% 1) 0 57 18
R P2 P R R B HR-HPV 5 22 8 s 55 e A
B, MBS T AR W, AT REARE U LR K
Boro BAE B A A S T o G R B B A 05,
i 38 N HPV ¢ 22 B e KU ', CC #afk F -+ i
14 28 (CCL28) 7EZh B fa i S i Hh & #5424
AU AHESE 3140 0T HR-HPV 542 8k e 5 % 1A
A S SHEREPER T CCL28 B R .

WEFE © A £ B00F 7% 3IF 92 CCL28 75 26 I A 5%
P s o JRe h R ¥ A AR, LA DL CD4”
T4 Me. CD8 T 4 ifl. FE 2 14 hr 4l il I IgA Bt
K 4 6 20 R Y 4 S % T B 4 T MATSUO
A W98 o CCL28 nl i 5451 TeA Buiksy
I T B ANE SR B U E A . CCL28 i
A 5 A2l 5 G 1 2 RUBEE (D A S 004

Pl e T 2 MR U A, CHA % T BFSE
FEUH CCL28 W] 4tk TgA HiiAR 4 2 i 26 A 52
T 2 5 B8 6 A OC G g8 S g o B8 26 JEAH ¢
B I 5 B 38 B A5 S fr s Bl AR O 'Y, cCL28
A3 3 9 20 L PR A R R A, TR SE R
N7, TR I R G R A A T 1 AR A5 R
/N CCL28 5 fF A 4L B . T AF AR A i Tl Ak
BYRIEMERKR, A, LMERIRSTE R BR
CCL28 SR AL AR M A . I
RS R CCL28 /K- 5 B3 Ak A i oG,
P B A 2 S R SRR PR A AR, BB e
CCL28 /K F-THi o

AT G5 R BN RS R B E R R T
9% . WRELFENE 1 %%, pHE> 4.5, iHEALEBHTE
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PR, A5 RAR FiRTEPRATiE S HR-HPV 7

SEEY A 5. ABFFE CCL28 5 HR-HPV 4L i

[ logit ¥ (8 Z RIfFE LR R R, LA, Logistic
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FIREEBURTE pH (S, XA EE e 46 1557 B 1Y)

SEREVE, AT RECE T EA MR 2R Rk, i

I 5% W HPV (9 W% B AR 4R A B0, %0 et 4 121220

7% W P A 25 575 5 HR-HPV F522 8L % VI AH

S, HOPHERESENE K PH (H5% 5 HR-HPV H54E
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