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Abstract Objective: To investigate whether the serologic status of CMV and EBV in donors affects CMV and
EBV activation, clinical features and prognosis in patients after allogeneic hematopoietic stem cell transplantation
(allo-HSCT). Methods: A total of 215 patients underwent allo-HSCT and corresponding donors from September
2017 to September 2020 in our hospital were included. The serological status of CMV and EBV of donors and re-
cipients was counted, and the number of CMV and EBV DNA copies of patients after transplantation was continu-
ously monitored for at least 6 months, and the incidence of CMV and EBV viremia and clinical follow-up data were
analyzed by y* test, Kaplan-Meier method and Cox regression model. Results: In patients with CMV D+ /R~ and
D—/R+, D+/R—and D—/R— group after transplantation, there was no significant difference in median inci-
dence time of CMV viremia, median number of highest viral copies of CMV, co-activation rate of CMV and EBV,
CMV activation rate, persistent positive rate of CMV virus, incidence of acute graft-versus-host disease(aGVHD)
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after transplantation, chronic graft-versus-host disease (cGVHD), lymphoproliferative disorders (PTLD) after
transplantation, CMV pneumonia, 2-year survival(OS) rate, non-relapsed death mortality(NRM). The CMV vi-
rus re-activation rate and the incidence of hemorrhagic cystitis in D— /R -+ group were significantly higher than
those in D+ /R~+ group(P=0.042, 0.026). Both univariate and multivariate analysis suggested that CMV nega-
tive donors was an independent risk factor for recurrent CMV activation and hemorrhagic cystitis in CMV seropos-
itivity recipients(P<C0. 05). There was no significant difference in median onset time of EBV viremia, EBV acti-
vation rate, co-activation rate of CMV and EBV, recurrent EBV activation rate, cGVHD, CMV pneumonia,
PTLD incidence, and 2-year OS rate in patients with EBV D+/R-+ and D—/R+, D+ /R—and D—/R— group
after transplantation. The incidence of aGVHD was significantly higher in D+ /R group than that in D—/R+
group, and the incidence of aGVHD in D+ /R— group was significantly higher than that in D—/R— group(P =
0.001, 0.001). The 2-year NRM after transplantation in D+ /R+ group was significantly higher than that in
D— /R~ group, and the 2-year NRM after transplantation in D+ /R—group was significantly higher than that in
D—/R—group(P =0. 004, 0.033). Both univariate and multivariate analysis suggested that seropositive donors
of EBV was an independent risk factor for aGVHD and NRM, regardless of recipients’ s serological status before
transplantation(P<C0. 05). Conclusion: CMV — donor transplantation increases the rate of CMV recurrent activa-
tion, and the incidence of hemorrhagic cystitis, and receiving CMV — donor transplantation may adversely affect
the clinical prognosis of CMV+ recipients. Regardless of the recipient’s serological status before transplantation,
patients in the donor EBV— group have a low incidence of aGVHD and 2-year NRM compared to the donor EBV
-+ group, and transplant patients may benefit from an EBV— negative donor.

Key words allogeneic hematopoietic stem cell transplantation; Epstein-Barr virus; cytomegalovirus; serolog-
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SRR T 40 A8 A Callogeneic hemato- 1.2 WA SHEEE bR ifE
poietic stem cell transplantation,allo-HSCT) /&7 WARRHE: D2017 4F 9 A—2020 4 9 H FK e
7 I b 98 5 I VR R e g e — S 5 17 allo-HSCT W3 QA J5 & I CMV 5
B REPR IR i A5 S AR R A S0 B EBV W7 ; QM F HE U it 8] >6 4~ A ; D fit 2 &
95 B S 2 allo-HSCT J5 % WL B9 I & AE , S 52 & HAEBME CMV N EBV J% 3 L 1§ 2 & 45
MARF R AEFMBG W EZRZY, CMV Al O3 7 DNA L IgG Hifk . IgM $iik)
EBV ))& %192 9% 75 B, 76 fat B rh 2 52 Fa Pk Jk HEBRARME - DT B A8 i T 40 Jf B8 A ok 5% 1l 7%
e g RKIAEREMRE A oA, 2 R EHE OB MG R W CMV 5 EBV
allo-HSCT (4 #8 73 F 2 rh P80 L 2 B8 A s 80 WEE T 6 A H 5 OB A S & 1 BB U5 i E] << 6
UL 3 SR YL JE R S ARE Ok, R ST KW R E ™A,
CMV K EBV ik 25 19 I 7 7 AR &0 B A 45 2R A 1R AR 2 A B HEBR b o, SE 9 A 23 215 1] FIGS
PR A I ER R O (IR RS TN S e D7 N =R ) MAEE 215 4,
M — ELARAE T R AR 5T A A 43R 3 1.3 Hik
EHRAENT CMV 5 EBV #8005 | If K B 4F M A 17 1.3.1 iR OFiE Bu/Cy R HIH%
TS ()52 e, LA 36 A0 0 B8 A 4 2, a2 B A AR (Bwo0. 8 mg/kg. % 6 h 1 %, —9 d~—6 d &Ik
99 BEIG - AR e BT BEIA T B AR IR R AR A L s s B (Cy) 60 mg/kg, —3 d~—2 d, @ik

B EEDG . K Bu/Cy I % AN 40 mg/kg X2 ¥ ; BalH i H
1 #BE5HE 2 g/m* X2 W;Bu 0.8 mg/kg,fk 6 h 1 %, 3 d;
1.1 %R Cy 1.8 g/m* X2 ¥ ; Al B AT 250 mg/m* X1 Ik,

2017 4E 9 H 2020 4E 9 H 7630 b i 1. T 20 o TRMPEE CEE A 2GR A R 5 %
B0 457 allo HSCT By 215 4 B 3% 1 /) — B FEINFH S be A B i 20 Ji Bk 2 1 (ATG) 2. 5 mg/kg X
6] BEAE M 1 il T 40 M RS A G 215 4% 1135 . BT A5 9 11 4d, QOFpifE FC+ATG 7% AL 30 mg/m?,
S 3 N AR R A AR LS N T T —5~—2 d;Cy 30 mg/kg, =5~ —2 d; ATG
A T TR EENESE TR E 2.5 mg/kg x4 d,

B FAP ORI AR, R 1.3.2 BHEYIE BRI EL BB RT A
R 35 SR A 1 T 40 M AR G L A2 3 22 ) 6 PERAE Y B 15 06 (aGVHD) 1 I K2 W )2 4y 90 5
/B S s g I / A A i 2 D FRS B8 Glucksberg PG bR, BB MEYIE £
AT E CMV 1 EBV #9958 L 75 24 R 00 . BE TG I (cGVHD) (112 Wi Je ™ 5 2 B 43 % 2 B 32 [ [ 57
ML E Sy 2021 45 3 F 31 H, TAEBRFE BE (NTHD b3 N, 194 ) 58 % R JH 2R
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13 A (CsA) + & 8 (MTX) + % B R fig
(MMF) J5 % i i GVHD, H & )5 % k. CsA 2 ~
3mg/(kg+ ) — 1 d FF & # ki &, R MTX
15 mg/m”*+1 d,10 mg/m*+3,+6,+11 d. MMF
1.5~2.0 g/d, +1~-+45 d, 21 FIEF R H MTX+
Ml v 2w -+ MMFE J5 £ fii B GVHD. $t aGVHD
— &Yk 1~2 mg/ (kg « DIRITITHA
FEZ VR 4 25 an il 52 5 W) LR IR A E L MMEF
FVD I BE e 55 36 7 AW G 97 43 465 [A) 78 BT 1 44
Pt CD25 Kot CD52 Hgr s, [R] B I I 4 76 25 22 i
WP KA R
1.3.3 FoAH ) m d AR RN A T R
22 3 d>0.5X10° /L & A v P 40 it = A 5 R i
A/ A B E BT, it /N B T EGE S 7 d>20 X
107 /1 & SCoM I/ B 7 4
1.3.4 CMV 1 EBV Y% () B | W K Bedm &
BIY AR EBEA M HEEET 10 me/
(kg » OPEATHE . BRI AT 1 KB AE I ok Bl
Bk d., BIHES 1~100 K, % #0465 #17 EBV
J CMV 9% 5 DNA & & &0, B 55 100 K2
BA)E 1 N 2~4 Ji§4T EBV K& CMV %5 &
DNA FER N, CMV 53 EBV FH £ EH B H
BE T 10 mg/ (kg « DVER B BEIRYT L [R]I WE
Joa B 15 DUBOH 45 & B T D0 16 A 0 R B R TR
120 mg/(kg « D IAYF . CMV Fili & K H i PE B bt
A S IR Dk S g BR AR 1 b VR T BB A SR
21 B 48 58 1 G (PTLD) B & hn A 2 bt
375 mg/(m?* « Ji) X1~6 IRIT.
1.3.5 MX&E X CMV fil EBV J5# DNA B
& XK CMV Fl EBV DNA S it 1 500 copies/
mL, CMV Fl EBV £ % 5 CMV 5 EBV %4 &
ILE 3 TA] A 2] EBV 8 CMV 6 2 1L E . Bl CMV
1 EBV ILAE [R] B & Az . FE30E (04 B R) A SR ff
551 AR EE AR BE ILE B9 H 3. R R ILRE (9 R 2k
A 1) S SCoA DA 75 I0LE 55 1 K B AS T & BURS 25 19
951 RZIIA K. e B I0AE K5 28 PR M O e
BEHE DUBGE 22 3 SR BH A
1.3.6 CMV izl s K2 Wibn i Ol
PRAEAR - B o] VAR s Qi 2= R ik B M 2 &
R e K B TR T M R B B A R A O S R
FAGA T VR (BALF) PR 1 57 1k
BALF 1 CMV-DNA [H#: ;@ 1. CMV PCR BH % ,
FEHEBR HoAb i & . L CMV IRIF A 5L
1.4 ZdEd

OMRYEEZ F AT CMV I3 R S0k 215
1] 58 % 4y CMV D+ /R+41 (35 i) .D— /R+4H
48 HH).D+/R—4 (59 )5 D—/R — 4
(73 D) b it CMV -+ CMV 1gG Hiik FH
P£,5%2 % CMV + 2 CMV IgG $ifk FH M 5 CMV

DNA [HE. ORIt Z #H B AT EBV L3 221k
A% 215 Bl #E > A EBV D+ /R+4 (55 f])
D—/R+4 62 fi]) .D+/R—2H (46 f5)) 5 D—/R—
2 (52 i), it % EBV+ B EBV DNA FH ¥ 5k
1gG Hiik B . 2% EBV+ Jy EBV 1gG Hi 44 I 14
% EBV DNA [,

(37 B 7 I TE] 10, 5(6~42)4H
1.5 By

K2R (3O W s 7 BT, B A7 % B
B 7255 0 2021 4F 3 H 31 H., WLERFE b5 MR
CRARIRZS B AAFRE L . BRI COS) & U T
i R TR R w4 i Y 2 F N P N G-I ]
ESCHBM B RPN E K B Z M ry K. JE
2R IET:H (NRM) & X R B B 48 J5 AT ol i) ] & AE
1) 5 M0 VBT 9 o A B L e M SR IR DA A B r
JRA FEBET,

1.6 Ziit2fhb#

K H SPSS 26. 0 4T 8088 A, R L
R y K 8. AN R AL R A AR B A BT R
Kaplan-Meier 3, & H Cox Eb 5 XU B Y %) 7 5
HERHFITRHFAZMEZINESHr. L P<<0.05 K2
RAEZITFEX.

2 #R
2.1 IR %R

MAEPEAL T 215 f] allo-HSCT 3%, Horp 5
100 i, 2 115 il ; B A B i 7 4 8% 31(4~58) %,
<18 % 51 ], =18 % 164 1l ; 21t bk U0 21 Jfd 1 il
G 32 i, P B A AT A 33 ], R AR S L8
AAE 25 ], 2CPEBE &R e 88 B Hifth 37 4 %
T AT AR S« 58 2 G2 M /12 PR 9] 131 4], w192 (W
W2 M AR IEATIRIT) 25 B, Hofl CF7 & & 0 1) =59
TR 59 fl s A 287 . &M A 59 Bl . A&
156 19 ;s B A A U . B B8 + AP A it 152 451, 40 i
59 5] A % i a5 5% af —+ &b FE i) 4 451 5 Ak BE 7
2,11 4% Bu/Cy+ATG WAL B )7 %, 5 4232
Bu/Cy FAbBE 5 4,128 |52 K Bu/Cy+ATG
AL J7 28, 41 il 32 B0 R Bu/Cy WAL HE 77 4,30
4% FC+ ATG Hi4b B )7 % ; GVHD i B . 194
4 5% CsA+MTX+MMF #ifi GVHD 5 %,21
14% 52 Al 55 55 w] -+ MTX + MMF #i i GVHD J7
%k aGVHD 46 ], cGVHD 46 5] , Jili 35 Ja 4
82 i, CMV fifi & 12 4], 3 il Pk JB% B & 43 14,
PTLD 8 %l ; & % 34 ], f7i% 153 f.

2.2 B CMV ILiFHRE S B EER

A Gt CMV 4B CMV % 2 ILAE /Y
Hfy kAR I T S CMV — 2125, CMV i 5
FBEINBM PR EER TR E L D+/
R+#4#1 D—/R+4.D+/R—4HHM D—/R—4H
FHH CMV 9% 3 3000 R L CMV 3800 J5 0% 7% 75 22
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PER M CMV 5 EBV 06 R LK 2 5 ¥ L5 it
Y H D+ /R4 CMV 95 % 0 &2 3805 R
KT D—/R+4(P=0.042), D+/R+ 4HH
D—/R+4H.D+/R—4HM D—/R — HHEEMW
aGVHD.cGVHD,PTLD 1 CMV Jiti & % 4= &K It
BESHIGIT¥E XD+ /RE415 D—/R+4]
SR I T DR AR R A R4l 8,606 vs 31.3%,

ERAGG A X (P=0.026), H Al 21 ] bk 5% 2%
SRS FEE X WE L, R E SRR T
CMV I3 5 P 32 & i CMV Il % = B P 2
CMV &30 0 i e 18 b ¢ At it S7 A P 2R (P <<
0.05), WL3& 2, HEAEH IR, D+/R+-4F D—/
R+4.D+/R—4M D—/R—HEHEHHEG 2 4
OS % NRM L0 2 5 ¥ g1t 2 =

2E T

2 (E1.2),

1 HEMYOBEFRENBEEZRRERNE I
I PR AiE D+/R+ D—R+ P D+/R— D—R— P
% 35 48 59 73
EBV 5 CMV FL#07E /61 (%) 4(11.4) 4(8.3) 0. 637 6(10.2) 14(19.2) 0.151
CMV 33 /4 (%) 12(34.3) 26(54.2) 0.064 22(37.3) 30(41. 1) 0. 962
CMV & AEmfE /d 35(14~62)  33(2~135) 0.295  34(13~250) 38(2~989)  0.766
CMV %5 #% Il & / (copies * mL ') 1.08X 10" 1. 84 10" 0.173 5. 84X 10° 6. 85x10° 0.202
CMV HFEE AP /4 (96 6(17.1) 15(31.3) 0.079 10(16. 9) 14(19.2) 0.873
CMV s B =>2 /B0 4(11.4) 14(29.2) 0.042 14(23.7) 12(16.4) 0.233
aGVHD/ (%) 6(17.1) 13(27. D 0.257 13(22.0) 14(19.2) 0. 386
cGVHD/# (%) 5(14.3) 13(27. 1) 0.117 10(16.9) 18(24.7) 0.716
CMV Jii & /4 ( 26) 4(11.4) 3(6.3) 0.495 0 5(6.8) 0. 965
L it P S IO 2R /40 C 0% 3(8.6) 15(31.3) 0.026 5(8.5) 20(27.4) 0.077
PTLD/ %1 (%) 2(5.7) 2(4.2) 0.556 1C1.7) 3(4.1) 0. 869
/B0 27(77. 1) 29(60. 4) 0.149 45(76.3) 52(71.2) 0.639
F2 f#ECMV IFEFRENBEIHEZLE.OS B NRM 0K 8 E &5

) D+/R+ vs D—/R+ D+/R— vs D—/R—

HEF CMV Il 2R A&
HR(95%CD) P HR(95%CD) P

CMV BERE>2 K 3.192(1.041~9.786) 0. 042 1. 6410, 727~3.704) 0.233
aGVHD 1.753(0. 664~4.627) 0.257 1.401€0. 653~3.004) 0. 386
¢GVHD 2.288(0.812~6. 441) 0.117 0.865(0.396~1.889) 0.716
CMV fii ¢ 0.593(0. 132~2. 660) 0. 495 0 0. 965
H I B 1 4% 4.115(1. 184~14. 304) 0.026 0.409(0.152~1.100) 0.077
PTLD 0.486(0.044~5.371) 0.556 0.860(0.143~5.179) 0. 869
0S 1. 840(0. 804~4. 209) 0. 149 0. 850(0.432~1.675) 0.639
NRM 1.971€0.727~5.341) 0.182 0.791(0. 342~1.831) 0.584
1.0F 1.0

\ 1
0.8 0.8 i‘_"|_‘
0.6} 0.6

8 8
0.4} 0.4}
0-21 _MD+/R+ 021 _MD+/R-
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oF, l l , , . oF, . l | , ,
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K& i et E)/d B i et i/l
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BHG D+/R+4/ D+/R—4 H¥& EBV
I AE B A A AR B[] 4351 5 F D— /R+40 51 D—/
R—#H.D+/R+HMD—/R+H.D+/R—FI
D—/R—41 EBV fx i 8 45 DUECRY 47 5, B8 4l
J5 EBV 7% 2 EBV 06 J5 % B RF 22 BH 1R
EBV K& #3535 M CMV 5 EBV 6 R L 2%
S FEE L., D+H/R+E41M D+/R— 4 &
# aGVHD kARG E & T D—/R+-4M
D—/R—4 (P = 0.001,0.001); D+/R + 4 #

D—/R+4.D+/R—4 M D—/R—4HB&EN
cGVHD.PTLD f1 CMV i R & /E R L2251
TG L Wk 3, R KSR, gt
EBV IML3E 2% BHPE & aGVHD. 2 4F NRM 1 1 [ 5
R(P<<0.05), WLFE 4, EHFRAR.D+H/R+H
M D—/R+4.D+/R—HM D—/R—4HHHEKM
Ji 2 F OS RILEERH LRI FE LK 3.4,
HD+/R+4AMD+/R—AHRFEBMIE 2 4
NRM 75 B &+ D—/R+4 M D—/R—41,2
S G FE L (P =0.004,0.033)

F3 HEEBVOFEFRENBEEEGERERNZM

I PR R AiE D+ /R+ D—/R+ P D+/R— D—/R— P
1% 55 62 46 52

EBV & /41 (75) 30(54.5) 36(58. 1) 0.702 29(63.0) 26(50.0) 0.194
EBV 5 CMV 3% /41 (%) 10(18. 2) 6(9.7) 0.181 6(13.0) 6(11.5) 0.821
EBV & AER ] /d 33(2~55)  43(19~150)  0.417  40(16~188) 52(14~163)  0.333
EBV 4% # 45 Ul &/ (copies * mL ") 1. 11X 10° 3.78X10" 0.160 4.29X10" 3.15X10* 0.796
EBV 52 B /6 (%) 26(47.3) 22(35.5) 0.196 22(47.8) 14(26.9) 0. 869
EBV #3762 /B (%) 18(32.7) 19(30. 6) 0. 809 14(30. 4) 13(25.0) 0.548
aGVHD/ (%) 17(30.9) 11Q17. 7 0.001 16(34.8) 2(3.8) 0.001
cGVHD/#1 (%) 6(10.9) 16(25.8) 0.922 8(17.4) 16(30. 8) 0.438
CMV fili & /5 (%6 509.1) 1(1.6) 0.119 3(6.5) 3(5.8) 0. 404
PTLD/ %1 (%) 2(3.6) 0 0. 965 3(6.5) 3(5.8) 0.503
FEIE /91 06D 34(61. 8) 44(71.0) 0.210 33(71.7) 42(80. 8) 0. 070

R4 HEEBVOFEFREMBEHFLIE.OS K NRM EMPERZSH

D+ /R+ vs D—/R+

D+ /R —vs D—/R—

ftE EBV Il i 2R A
HR(95%CD)

P HR95%CI) P

aGVHD 0.283(0.130~0. 613) 0.001 11.455(2. 631~49.877) 0.001
¢GVHD 1.049(0.403~2.733) 0.922 0.714€0.305~1.673) 0.438
CMV fifi & 0.257(0.047~1.419) 0.119 2.146(0.357~12.893) 0. 404
PTLD 0 0. 965 1.731(0. 348~8. 614) 0.503
0s 1.697(0. 743~3. 876) 0.210 0.557(0.295~1.049) 0.070
NRM 0.299(0. 130~0. 687) 0. 004 4.069(1.118~14.809) 0.033
1.0F 1.0
0.8 0.8+
061 061
n n
o o
04 04k
0.2 0.2
I D+/R+ _IM D+/R-
D-/R+ D-/R-
0_| | | | | ] O_I | ] | | ]
0 250 500 750 1000 1250 0 250 500 750 1000 1250
Fi& i Bt i /d Fi& i At i /d

3 EBV D+ /R+4EF#M D—/R+ERBEEE 2 F OS LL K

4 EBVD+/R—EFMD—/R—EABEEE 2 F OS LK
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FEFUE 2 4 B b e 4 48 DL HSCT Hi 48
SRR RS B AR R IR A | T Ak R
FE AT (8] 45 o 3 S6 X 10 J5 v] BB 52 1 R 2 R AT
BRI E AT, P<<0.05 B A £ R K o5 Hr, iF
FEZH CMV Ml EBV LG 2R 005 5 A 5638
PRz %2, 5 CMV D+H/R+4 %K. D—/
RHAEER CMV B0 % i 2 B e & &
AR E (P<0.05) . ZRE SR T CMV i
W A2 # L B CMV i 2 B PE & CMV &2
SV LI M RS B R B S fa e R (P <
0.05), 255 EBV D+/R-+41f1 D+/R—41 It
,D—/R+4M D—/R—HEBH K4 aGVHD 1y
AU BAIS » 2 4F NRM R [ (P <<0.05), ZHE 5
M s NE 52 H B AT EBV LW 27 R 25 i far, it
# EBV L7 # P2 aGVHD Fl NRM 2 57 16
& PRl 2 (P<<0. 05), L& 5,

RS #HECMVIEBY OFZEREXNBEIFLIE.
NRM # MM & EE D

E=E 7 HR(95%CI) P

3 CMV ILiE 22 R
D+/R+ vs D—/R+
CMV BTG R B >2 Ik 4.442(1.416~13.936) 0.011
H0 ot e A B % 7.992(2.118~30.162) 0.002
#tF EBV LT 2R A
D+/R+ vs D—/R+

aGVHD 0.288(0.130~0.639) 0.002
NRM 0.343(0.142~0.828) 0.017
D+/R— vs D—/R—
aGVHD 11.114(2.528~48.862) 0.001
NRM 3.828(1.017~14.405) 0.047
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