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Relationship between early postoperative Thl/Th2 cell balance,BK virus infection, and
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Abstract : Objective To explore the relationship between early postoperative helper T cell (Th)1/Th2 cell
balance and BK virus (BKV) infection as well as renal function after kidney transplantation. Methods A total
of 198 patients who underwent kidney transplantation from March 2022 to March 2024 in organ transplanta-
tion department of the hospital were selected as the study objects,and they were divided into BKV-negative
group (n =162) and BKV-positive group (n =36) according to whether BKV infection occurred within 3
months after surgery. The independent correlation analysis of the indicators with statistically significant
differences in the univariate analysis was carried out by splitting the indicators. The horizontal stratified re-
gression model was used to analyze the relationship between different clinicopathological features and Thl/
Th2. Restricted cubic spline analysis was used to explore the dose-response relationship between Thl/Th2 and
BKYV positivity. Generalized additive models (GAM) were employed to analyze the impact of BKV load on re-
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nal function. The influence of Th1/Th2 on the relationship between BKV load and renal function was also ex-
amined. Results Compared with the BKV-negative group,the glomerular basement membrane thickness,ser-
um creatinine (Scr) ,blood urea nitrogen (BUN) ,cystatin C (CysC) ,and the proportion of tubular atrophic in-
terstitial fibrosis (IFTA) and acute tubulointerstitial injury (ATIL) in the BKV-positive group were signifi-
cantly increased (P<C0. 05),the number of patients with arterial fibrinoid necrosis and peridubular capillary
basement membrane stratification increased significantly (P <C0. 05) ,while Th1/Th2 and glomerular filtration
rate (GFR) decreased significantly (P <C0. 05). Multivariate Logistic regression analysis showed that Thl/
Th2 was independently associated with BKV positivity (OR =0. 64,95%CI:0.55—0. 76, P <(0. 001). The
horizontal stratified regression analysis showed that glomerular basement membrane thickness,IFTA,ATIL,
arterial fibrinoid necrosis, peritubular capillary basement membrane stratification, Scr, BUN and CysC had
negative effects on Th1/Th2 (8<C0. 05, P <C0. 05) ,and GFR had a positive effect on Th1/Th2 (>>0.05,P <
0.05). Restricted cubic spline analysis showed that there was a non-linear relationship between Th1/Th2 and
positivity of BKV (non-linear test P<C0. 001),especially when Thl/Th2 <(13. 03% , the risk of positivity of
BKYV increased with the decrease of Thl/Th2. GAM analysis showed that BKV load had a positive effect on
GFR (P<C0.05) ,and a negative effect on Scr,BUN and CysC (P<C0. 05). A high load of BKV at a low level
of Th1/Th2 did not increase the risk of renal function damage. However, the protective effect of low and medi-
um load of Th1/Th2 on renal function was no longer significant. Medium to low level of Thl/Th2 could re-
duce the harmful effect of high load of BKV on renal function. Conclusion The cell balance of Thl/Th2 is an
independent influencing factor of BKV infection,which can reduce the harmful effects of BKV infection on re-
nal function, Dynamic monitoring of the Th1/Th2 cell balance holds significant clinical importance for early
detection of BKV infection.

helper T cell; kidney function
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CTGTCCCTAAAACCCTGCAA-3"; T 5'-GCCTT
TCCTTCCATTCAACA-3", (2) Thl/Th2 ¥ . %
A B H Tk, % B CoulterEpicsXL Y v =0 41 g 4%
(£ B Beckman /A F)) Kz Il Thl, Th2 /K, 3115
Thl/Th2, (3B DyRER . R H 4 H sh 4= 1k 43 #r 4Y
R B T g 48 An B /D BRI T R (GFRO . i AL BT
(Ser) JRZEZ (BUN)  BEME C(CysC), GFR= 1k
(140 —4E ) /72 X Ser, (4) B 15K H MLAT 5o 928
Bt OCEE M B A . B T WS B AL 4 i i 4
Jei BN K P R AT A 38 R B /N BREAE 5 R B LR A R B
i A 4% | B K AT 4k R FE IR BE A R B 4 i 45 L IS
32 INER I JEL BE NS 25 4 [R) T AF 4k Ak (TF-
TA) 2 B /INVE [ P45 CATIL) He il

1.3 Siibs#ab 3 R SPSS22. 0 48 it 24 4k 14 itk 47
B FE R ORI DL 2 s s, W20 ] 8 45 A TE 4
SAAT AT IR ST FEAR ¢ KBS, N R A AT AE S 50K 56
THECTRL R I S sl B o R R R, 4l LR X°

Ko, HH RS2 S A SR LW R
SUIE /AT (=R i WL RVAR 1 B o o T 0 £l o = L WS
T2 B AN TR) I PR BEAFAE 5 Thl/Th2 I & .k A
FEL % 57 7 R 45 0 A Thl/Th2 5 BKV FH A9 5 -
S K B SR T AR AR B (G AMD 43 #r 4 6 R 25 0t
B ) B8 1Y R W . 5] B i A8 4 PE M Thl/Th2 %
BKV # & 55 ae X R m ., UL P<<0.05 HZR
HAGIE L,

2 2 g

2.1 W — R A BEALAE R A R  BMI,
W R s ORI S v R B PR L HE R R R kB
.3 AN H W AVEHER ROV Fe s b I a . 25 R B g it
B X (P>0.05 ;5 BKV PR L5 . BKV FHELLE
INERFE R R JE | Ser ,BUN,CysC K IFTA,ATIL 9t
i) 38 2 1 (P <20, 05) , 3l Ik £F 4k 2 FE YR 50 45 &
21 1L A AL RS Sy 2 R E 3 R m (P <<0. 05), Thl/
Th2 GFR 7K 8 FREAL(P<<0.05), W& 1.

*1 WAH—EEREER (W) L]

i H BKV FAPEH (n=162) BKV FHYE4 (n=36) X%/t P
51 0.028 0.867
P 88(54. 32) 19(52.78)
o 74(45.68) 17(47.22)
W) 49,2345, 26 50.3745.77 1.155 0.249
BMI(kg/m?) 26.3642.93 25.5943. 11 1.410 0.160
W sl 0.298 0. 585
A 64(39.51) 16(44. 44)
J 98(60.49) 20(55. 56)
R S 0. 001 0.973
A 76(46.91) 17(47.22)
J 86(53.09) 19(52.78)
55 1L 0.263 0. 608
A 47(29.01) 12(33.33)
T 115(70. 99) 24(66.67)
Wl PR 0. 346 0.556
¥l 59(36.42) 15(41.67)
J 103(63.58) 21(58.33)
Y30 0.168 0. 682
O @ IR 27(16.67) 5(13.89)
JAR A 135(83.33) 31(86.11)
T 0. 020 0. 888
2 10€6.17) 2(5.56)
& 152(93. 83) 34(94. 44)
3 2R O 0.107 0. 744
H 11¢6.79 3(8.33)
J 151(93.21) 33(91.67)
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HR1 MA—REREEB 2 (%)8] v +5]
T H BKV B4 (n=162) BKV B4 (n =36) X*/t P
flafn 45 988 1. 440 0. 230
H 95(58. 64) 25(69. 44)
Jo 67(41.36) 11(30.56)
B /N ER BE B R B (nm) 470.72+110. 38 550.21+129. 41 3.784 <<0. 001
B /N ER B (A4 17.59+2. 40 18.11+£2.56 1.162 0. 247
2y Jik P B 4T A 1 5 2. 342 0.126
A 63(38.89) 19(52.78)
J 99(61.11) 17(47.22)
IFTA(Y%) 7.30E2.54 10.114:2.98 5.812 <<0. 001
ATIL(%) 6.2242.03 9.57+£2. 29 8. 746 <<0. 001
J& B R R 0.028 0. 867
H 83(51.23) 19(52.78)
J 79(48.77) 17(47.22)
B Dk 41 4k 2% FE IR T 4. 350 0. 037
A 68(41.98) 22(61. 1D
J 94(58.02) 14(38.89)
A A AN A R R A 2 3. 975 0. 046
H 65(40.12) 21(58.33)
Jc 97(59. 88) 15(41.67)
Thl/Th2(z%s) 1.4970. 34 0.640.17 14.579 <<0. 001
GFR(mL/s) 1.88240.21 1.5240. 15 9.739 <<0. 001
Scr(pmol/L) 118. 4414, 87 126. 2818, 34 2.737 0. 007
BUN(mmol/L) 17.3842.18 22,3542, 56 11.974 <<0. 001
CysC(mg/L) 0.9370. 28 1.0320. 21 2.019 0. 045

2.2 Thl/Th2 5 BKV FHER M2 A6 ME K A
RO 254 Gt 5 8 SCRY AR s a0 A G )2 a0 AR AR
ST I B HEBR A SR M IR Je R | &AL OE
Scr.BUN.CysC.GFR.IFTA ATIL. 3l ik £F 4 % #£ 51
B AE R AN IS SRR B 2 A B (R 5)
Thl/Th2 5 BKV BH ¥ A5 A7 78 2l 52 A48 & (OR =
0.64,95%CI:0.55~0.76,P<C0.001), % Thl/Th2
AL h oy R RE, 58 Thl/Th2 i, 8L
Th1/Th2 5 BKV P77 37 AH 2 (OR = 0. 78,
95%CI:0.71~0.84,P<C0.001), 5 Thl/Th2 & &
)5 A LB (QL) 4l b %, Bl % Thl/Th2 & i B AIK
(Q2~Q5 41, A MM 43 312 OR =0. 83(95%
CI.0.75~0.94).0. 78(95%CI:0.70~0.86).0. 70
(95%CI :0. 65~0. 81),0. 67(95%CI : 0. 56~0. 80) , #4
PRI 22 A G L (P gy <<0.001), WLFE 2,

2.3 OR[A I R G B 4F fE Thl/Th2 4 )2 B H 4>
Bro ¥ /NER LR B IFTA L ATIL . 3h ik 2F 4 2 4
INFE A B 40 00055 LA . GFR . Ser . BUN, CysC 43

EAEN A A2 &, Thl/Th2 /B K228 & #4743 2 85 43
Br. &5l AL B/ NERSE R B CIFTA L ATIL. 3 ik
L1 Y ZFEIRFE B JE B 40 1L L IR 43 2 L Ser . BUN
CysC 2% Thl/Th2 7= A i [n] 5% W ¢ & (f<0. 05,
P<0.05), GFR £ %} Th1/Th2 = 4 IF [ 5 Wi ¢ £
(8>0.05,P<C0.05), W% 3,

2.4 Thl/Th2 5 BKV HEMFIE- N ER  RH
BR 4 S7 7 BE 4540 B Thl/Th2 5 BKV FH 9 5] &
JNE K FR L85 s, Thl/Th2 5 BKV BH A7 78 4k
LM XERAELERK P<<0.00D), WE 1. #—%
K FH BB 0N 48 7 i 7, Th1/Th2 $2m BKV FH M9
P12 1. 09, Thl/Th2<<1.09,BKV A & A= K&
W% Thl/Th2 MREART FeE . W& 4,

2.5 BKV#HES5EIHEMN GAM +¥r BKV # &
XT 5 DI RE TS bR B 5 X R B A B 256 R L BKV &
X GFR M IE ) /F H 22 = A 4e 1t 2% 5 L (P <<0. 05),
BKYV # & X% Ser .BUN.CysC W m/EH 2 %A 41t
FRE N (P<C0.05), WE5. A2,
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x2 Thl/Th2 5 BKV FREMMIIHXE[Q(Q, ~Q;5)]
A5 FAR LA R 1 i 2 Bk 3 B 4 R 5

Th1/Th2(%)

. 42(0.36~0.48)  0.47(0.40~0.54)  0.51(0.44~0.59)  0.55(0.47~0.62)  0.62(0.51~0.70)  0.64(0. 55~0. 76)

Thl/Th2 —432

K 1 1 1 1 1 1

AR 0.56(0. 48~0.62)  0.60(0.51~0.68)  0.64(0.58~0.72)  0.68(0.61~0.75)  0.75(0.68~0.80) 0. 78(0. 71~0, 84)
Thl/Th2 FHAM %4l

Q,(>>16.59) 1 1 1 1 1 1

Q, (14, 29~16.59)

=

64€0.55~0.71)  0.69(0.57~0.75)  0.74(0.68~0.81)  0.78(0.70~0.89)  0.80€0.71~0.92)  0.83(0. 75~0. 94)

Q,(12.52~14.28)

j=}

. 61(0.51~0.68)  0.64(0.55~0.71)  0.69(0.59~0.75)  0.72(0.66~0.80)  0.75(0.69~0.83) 0. 78(0.70~0. 86)

Q,(9.28~12.5D)

j=l

. 56(0.47~0.63)  0.58(0.50~0.66)  0.62(0.54~0.70)  0.65(0.58~0.72)  0.68(0.61~0.75)  0.70(0.65~0.81)

j=l

Q; (<09.28) . 50(0.41~0.58)  0.53(0.456~0.63)  0.59(0.50~0.68)  0.62(0.52~0.71)  0.65(0.55~0.76)  0.67(0. 56~0. 80)

Py 0. 003 0.001 <<0. 001 0. 001 0. 001 <20.001

18 Thl/Th2>>13.03% 4k Th1/Th2<C13.03% ;B2 1 8% Scr,BUN, CysC; B 2 8% Scr.BUN,CysC.GFR; % 3 Jyi# % Scr,
BUN,CysC.GFR.IFTA;# % 4 7% Scr,BUN,CysC.GFR.IFTA,ATIL; % 5 J 8% Scr.BUN,CysC.GFR.IFTA,ATIL. 3 Ik 2F 4k & £ 3k
YO TR A0 I R IR

x3 AREKRFEFFMES Thl/The 4 EEEFSH

JEPR I R 2
5 i H ! P 8
B SE

21 HA 5.161 0.534 18. 494 <20.001 —
B /N ER R —0. 246 0.132 1.342 0.027 —0.161

R 2 HA 5.453 0. 465 15. 261 <0.001 —
1 /)N Bk B R —0.259 0.162 1.527 0.026 —0.177
IFTA —0.305 0.129 1. 366 0. 025 —0.233

G323 kg4 5. 846 0.519 14. 354 <<0. 001

1 /N Bk B R —0. 265 0.133 1.639 0.024 —0.185
IFTA —0.337 0.135 1.374 0.021 —0.219
ATIL —0.314 0.137 1.385 0.017 —0.165

Sr)E A A 6. 137 0.564 14. 239 <20.001 —
B /)N B R i —0.284 0.132 1.722 0.013 —0. 205
IFTA —0. 287 0.114 1.387 0.015 —0.357
ATIL —0.276 0.155 1.702 0.015 —0.215
Bk £ 4 R IR B —0.233 0.155 1.472 0.026 —0.236

325 HA 6. 564 0. 496 14.138 <<0.001

1 /)N Bk g R —0.295 0.136 1.824 0.006 —0.216
IFTA —0.296 0.135 1.408 0.011 —0. 354
ATIL —0.332 0.145 1.684 0.012 —0.149
Bl K EF 2t 3 SR BE —0.221 0.147 1.351 0.014 —0.211
A TR T A0 A A 2 —0.317 0.154 1.377 0.015 —0.169

G326 A 6. 886 0.511 14.052 <<0.001 —
EF /N Bk g JRE —0.304 0.135 1. 963 0.002 —0.234
IFTA —0.221 0.133 1.410 0. 032 —0.113
ATIL —0.254 0.164 1.532 0.008 —0.196
Secr —0.285 0.134 1.352 0. 004 —0.257
Bk A 4 R FE IR S —0. 255 0.115 1. 366 0. 004 —0.175
TR T A0 i A O A )2 —0.295 0.164 1. 666 0.021 —0.174
GFR 0. 146 0.330 1.684 0.013 0. 642

NIET HA 6.923 0.507 14. 021 <20.001 —
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&R AEIGEKRFBEFMES Thl/Th2 2 EQ 9%
) EbrifEfb R AL
LR i { t g 8
B SE
B /)N B R 5 —0. 301 0.137 1. 962 0.002 —0.233
IFTA —0. 222 0.132 1. 404 0.032 —0.111
ATIL —0. 244 0.187 1.427 0.010 —0.152
Ser —0.285 0.135 1. 350 0. 004 —0.263
B ik £F 4 R AR IR B —0.258 0.110 1. 367 0.005 —0.179
B B AL BRI A 2 —0. 295 0.161 1.674 0.021 —0.174
GFR 0.241 0.133 1.492 0.014 0.113
BUN —0.143 0.328 1.683 0.012 —0.633
CysC —0. 264 0.123 1.529 0.009 —0.133
. — RN TR .
r x4 Th1/Th2 5 BKV FHERFIE-K KX &
2.2}
20k LAY OR (95%CID) P
1 8h KA T <<0. 001
1.6+ o R £ K L 1.080(1.020~1.091)
o !
Sl R
1.2 Thl/Th2 #0145 # 1.09(1. 030~1.150) —
1.0 Th1/Th2<1.09 0.997(0. 905~1. 088) <0. 001
0.8F Th1/Th2=1. 09 1.011(1.002~1.024) 0.132
0 05 1.0 15 20 i 1.022(1.011~1. 034) <0.001
Th1/Th2 S BCIBLAR LA - <0.001
& 1 ETREIMIFESESH Thl/Th2 § BKV N s
- . — BN TR .
PFRMEMFIZE-RAEX R
x5 BKV HEZ WS 8N S A
2.6 Thl/Th2 X BKV #k & 5 ' Y)6E ¢ & 1952 I
. v . Gy HRH HE Y957 F P
#4E Thl/Th2 RS N 3 A W4, FF L BKV €3 — S
N s . S GFR 1 15. 87 7.185 0.007
RS IR BKV h & BKV @& 2 55 een ’
RPN S 1 15. 34 7.421 0.006
KBk, VA% — R 52 B )5, Thl/Th2 k7K F BKV °r
G AR R4 S RE R E XURS L T Thl/Th2 & kF  BUN ! 15.67 T 0.003
MK BKY h#uih B o (R 499 1 22 5 g O ! R B
Pt X, KR K SE Thl/Th2 GEFEK BKV &
HaxIEmrfaFEEH. Wk 6~9,
*®6 Th1/Th2 3¢ BKV 25 GFR X 2 &N
GFRLOR (95%CI)] Th1/Th2 (14620
BKV # &
% Thl/Th2 ' Thl/Th2 # Thl/Th2 KKK 1 KR K
BKV k4 & 1. 00 1. 00 1. 00 — -
BKV iz & 0.81(0.22~2.50)  0.15(0.05~0.39)"  0.43(0.11~2.98) 1.56(—0.06~3.20) 0.44(—1.77~2.54)
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