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ABSTRACT Objective: To investigate the clinical significance of the expression of peripheral blood T cell activation molecule
CD38 and human leukocyte antigen DR (HLA-DR) in children with infectious mononucleosis (IM). Methods: Flow cytometry was used
to detect the expression of activation molecules CD38 and HLA-DR in T cells in 45 children with IM during the acute phase and recov-
ery phase, and the clinical data was compared with 30 healthy children. The correlation between the expression of CD38 and HLA-DR in
T cells during the acute phase of children with IM and EB virus load, liver function indexes, the proportion of atypical lymphocytes in
peripheral blood, and lymphocyte count were analyzed, and the ROC curve was used to analyze the CD8'CD38" diagnostic efficacy of T
and CD8'HLA-DR'T cell percentages. Results: Compared with the control group, the expression of CD38 and HLA-DR in T cells of
children with IM in the acute phase were increased(P<0.05). The percentages of CD8'CD38'T and CD8'HLA-DR'T cells were positively
correlated with EBV-DNA, ALT, AST, LDH, percentage of atypical lymphocytes, and lymphocyte counts, respectively(P<0.05), however,
negatively correlated with ALB (P<0.05); the percentages of CD4'CD38'T and CD4'HLA-DR'T cells were not significantly correlated
with the above indicators (P>0.05). The expression of CD38 and HLA-DR in T cells in the convalescent phase of IM were lower than
those in the acute phase (P<0.05). ROC curve analysis of the percentages of CD8'CD38'T and CDS8'HLA-DR'T cells showed that the
AUC values for diagnosing IM in children were 0.931 and 0.993, respectively, the specificity was 100 %, and the sensitivity was 88.89 %
and 93.33 %, respectively. Conclusions: The detection of CD38 and HLA-DR in T cells by flow cytometry is helpful for predicting the
development of IM. The percentage of CD8'CD38"T and CD8'HLA-DR'T cells in peripheral blood cells can not only reflect the severity

of liver function damage in the acute phase of IM, but also serve as a flow-diagnostic indicator for children with IM.
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EB 5 7 ( Epstein-Barr virus, EBV ) JBL AH 56 95 95 2 — 2 1%
MR , Y E BAAZ 4R ik Z24E (Infectious mononucleosis, IM )
S ORE L, O RAPE A RS . M BJLT RRENRE RS,
85399 17 55 TR A 2 R S I 1l 400 it 2% A fiE (Hemophagocytic
lymphohistiocytosis, HLH ) 184 7i& 3l EB J 25 /2% Y2 il e g 45
MEMERR, AR EBV BT HLIAR S e T e i 5 32 S ik
itk L2 ) 5 M E AL, CD38 il HLA-DR 154 T 4l & miihfk
43T, FERIBAKOT W) 1E R0 3 B s v ), (R AR L
T IM TS A HGE . 4SSO IM R LA A FK = AN
il CD38 Al HLA-DR 7 T 4 =35 7K - S = 555 g 4 AT
TIREFRBR AR PR T 00T, IR ILAE IM A Il PR S
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1.1 #ETE

TEH 2021 4F 11 H & 2022 4F 6 H 48N K28 JLE B
BERIARE, ZWiWIRRAY 45 1) IM L. Brf LIRS 2016
AR AR 2R 05 JLRF A S B A ) 5 1 L 3E F2 R v
EB i 8¢ B A DCHER 12 W AR YT R EE 80y Orh IM 2 Wik
Y o [ Aot E RIS 3 002 ) 30 (51t B ARG, ) L 1 SR xof HEL 4L . HE
B < 5 D GOREAN SE 8 R0 S8 L B2 BT 6 A4S N I i
B MO TR 2459 | S ARl e e U T 2 L

ARWFTEALLRY IM L KO BRZH )L 38 (197 5 M b A 2926
B R A T RN A7 B ) L2 s B AR P B Sttt
1.2 Fik
12,1 #RARE i M EJLAMEII CARESE 1 0) ik
S CRIRE 14 KIEAT) BB L 0975 SR s IR A1 E IfiL - ED-
TAK2 il A BIRRRES 4 2 mL, U EDTAK2 Hi#ifl 1 mL
BT KB B0 T 3000 r/min #5015 min, BHUMSK . 55K
FREEI 3000 r/min B0 15 min, $2HUME . A RARES TE
2 h Y%K
122 FENHEFiKF  BD FACSCanto II 7 =40 i1 {X (BD
2w, %), LightCycler480 G 7E ft PCR AL (AT, Fii1:)o %
FZARIC M B HT 4 . HLA-DR FITC .CD7 PE .CD3 Percp .CD4
PE-Cy7 .CD8 APC-Cy7.CD38 V450 .CD45 V500, i ikt
A BD /A Fl,
1.2.3 MR SME M T 40A CD38 #1 HLA-DR By%
K BRI A, U 4 1 A I A 24 AR
Y7 K HLA-DR FITC .CD7 PE .CD3 Percp .CD4 PE-Cy7
CD8 APC-Cy7 .CD38 V450.CD45 V500, [ii] )2 44 H i A 100 pL
SIMBRA, ZIRBDEYE 15 ming JEAIA 1 mL 21400 24457,
FIREEEFE 10 min, 400% g B0 5 min, 37 13§, PBS 2 nf
TP ANYTTE 1 K, B0 35 B TEW, 500 WL PBS i 2 41
JHLo LA, JFHL IR B g A TS A H RS, BRI
5% o FILF FACS Diva 8D SR Hri 5 1% 11500, 4

% K W CD4'CD38T.CD4'HLA-DR'T ,CD8'CD38T,.CDS*
HLA- DR'T 4fififl '; CD4'T 4fiffi 5 CD8'T 4 LLil (%),
124 M3 EBRESHENE  (HHWIFE M LD A R &
AIRF £, SR SR 28 E B PCR YEXT A1 M A 5 1) EBV-
DNA {E g AT, BVEH A & Ul B 7, 85 R LA R 22 T il 3
ErR RS EERR , SRR 500 copies/mL,
L3 grit=5iE

% H GraphPad Prism 8.0 £ SPSS 25.0 #4474+ 04T,
Kolmogorov-Smirnov #3675 & TE A IE AR S A5k FH (3
B ArdiZE) , AR RS E SRR F A (Ps, P AT BT
iR FFEIER S 2 TR AR LWECR R Z 07 225347,
ZH R PTG AR ) LSD-t 466 s R4 A IEZS 431 I HECRORL
(%) For , AL ELdse R FH 2 B3 , 2220 1) 3 i Wb} s e ok
FH Kruskal-Wallis H #56 L& 4T 0 502 5 B Gt 2422
5, XL 2 5 1A R Mann-Whitney U K56 1647
PRI He3 . SR Spearman 35 /AT ARG H: o ARBT{E FH A2 0%
TAEHRE 1 £k (operating characteristic curves, ROC)#fisE . Dl -
WA T s e A B R AU P<<0.05
EREGIIHEE L
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2.1 M 2 JLEIG R 3 AR SRR A

45 FlEJILH I 20 4], 4 25 4], PIAEEY S 442 % 3
I R 2 B2 J Wb A2 i (100.00 %), 2 #4(95.6 % ) , STk EL 2%
i (93.33 % ) FIAR G 7K il (44.44 %) ; S U0 2 # 25 . EBV 254t
rh %k 32.80% 107 copies/ml, 14 {5l S EIMK 40 = 10%, AN
e AR %L 56.00 U/L, 43RG S g rh 304K 44.10U/L, ZLER I
SR 5 446.00 U/L, Ik EL AR 4O Y94 10.77% 1091, 4%
TEILER 1o ABEE T LARMAR GR# KRR e i A 28 R TFAE
X SZAHRYT , LB A T HURTEIRYT , A T 40 RS GL  UL
BT HUERIGIT 44 B LIGYT i R A B AT MR e
A, 7E 2 A W AE R I R FMARAE R AL, A 1 BIFESE 7 R
A R & A, W 1 S S0 8 AR 2 HLH, 22 HLH-2004 J5 %8
VRYT 8 JH AL HLH $8br e R E IR R, J5i1525, BEUiEJLIE
H o T RRZH A A ZH 30 51 E L, M ZH Rt AR 4L 38 (4R PR 51
L BTG 22 L (P>0.05), Bid] HA7 7Ttk
22 M 2L REHRITERA T A CD38 HLA-DR
HIRIEKF LS

IM £ JLE& MR CD4'T 4l Jiig i CD38 il HLA-DR {) 3%
SEIK T4 5 34.50%(25.80%,39.75% ) F1 31.30%(23.25%,
36.70% ) , 50 . 25 F 5 R4 15.75%( 11.08%,19.23% ) F1 3.85%
(3.10%,6.68% ) ,CD8'T 4 Jifii (1Y) CD38 il HLA-DR [ 3 ik 7K -
SR 87.20%(79.9%,90.45% ) Fil 86.90%(81.10%,90.10% ), 34
B 2 7 T IR 23.20%(20.73%,25.90% ) F1 15.05%( 10.60%,
22.40% ), WK SZ Y CDA'T 4fiJf() CD38 11 HLA-DR [1) 3Rk /K
245K 6.00%(4.00%,10.40% ) Fl 17.00%(14.38% ,20.00% ) ,
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CDS8'T 4f i fi) CD38 1 HLA-DR [ 323k 7K 43 2k 32.55%
(31.63%,34.65% ) F1 33.40%(31.50%, 37.00% ) %5 M B Y RAG
(P<<0.001), UL 1, 1 43 HLH &8 )LF &35 7 Y15
% J B , 47 CD8CD38T.CDSHLA-DR'T CD4'CD38'T,
CD4'HLA-DR'T 4iiffigeik/K i, ZIMEHRAIT = 2, 44

THE R I IEYF .55 14d 1 CD8'CD38'T .CD8'HLA-DR'T ,
CD4'CD38'T .CD4'HLA-DR'T 4l ff Fe 1k /K -4 i T B, (B 47585
R R E H IM, 230 HLH 33975, 565 21 d #1129 d 19
CD38 F1 HLA-DR %t F1E # 7K, WL 2,

1 M BILRERWRILENIRKRER
Table 1 Clinical data of children with I M and healthy control children

Flylet group (45 cases)  Control group (30 cases) Z/x? P
Age (year) 4.42(3.41,5.50) 533+ 221 -1.786 >0.05
Gender
Male 20(44.44%) 15(50%)
Female 25(55.56%) 15(50%) 0.036 >0.05
Clinical manifestation
Fever 43(95.6%)
Large liver (under 4 years: subrib> 2 cm; 16(35.56%)
over 4 years: accessible)
Large spleen (subcostal> 1 cm) 14(31.11%)
Neck lymph nodes were enlarged 42(93.33%)
Palpebral edema 20(44.44%)
Antiadoncus 45(100.00%)
Snore 17(37.78%)
Erythra 3(6.67%)
Laboratory examination
VCA-1IgM(U/L) 44(97.78%)
VCA-1gG(U/L) 44(97.78%)
EA-IgG(U/L) 18(40.00% )
EBNA-IgG(U/L) 4(8.89%)
Proform lymphocytes (10%) 14(31.11%)
Plasma EBV-DNA load (10* copies / mL) 32.80(18.15,62.80)
Lymphocyte count(*x 10°%L) 10.77+ 3.38 1.52+ 0.39 -18.166 <0.001
Gaminase (U/L) 56.00(37.90, 109.45) 15.66% 7.20 -6.402 <0.001
Grass aminotransferase (U/L) 44.10(35.90, 70.75) 28.56x 7.53 -5.451 <0.001
Lactate dehydrogenase (U/L) 446.00(407.50, 558.00) 145.80 34.75 -7.279 <0.001
Albumin (g/L) 37.20(34.45,41.15) 47.34% 4.20 -5.516 <<0.001

2.3 T 4RHalY CD38 #1 HLA-DR 7£ T 4RRE#Y %Ak F S EB i&
HHEMBEXM

CD38 1 HLA-DR 7E CDS8*T 41 Jifl i) 3% 1k /K - 5 1fiL 3% E-
BV-DNA £ 1EAHIC (HI# A R 50k 1=0.3885, P=0.0083, 5 &
I 78 r=0.4508, P=0.0019), W& 3. i —#7E CD4'T 4ty
FIFEIA KT 5 3% EBV-DNA JoHA i AH56H:(P>0.05),
2.4 IM AMEH T 4888 CD38, HLA-DR &%k FE5 ALT,AST,
LDH, 72 B4 E 4 bk bk B AT 8B 2 M4 4

IM Z £ 7 CDS'T 41 i i) CD38 HLA-DR % 35 /K F- 5

ALT AST LDH , 5 Rk FL 41 E7 23 B bk B2 20 i T 4502 1 A
K(P<0.05),5 ALB £ HkI5(P<0.05), W3 2.1 CD4'T 4
Jilf¥y CD38 .HLA-DR [ 23k /K5 LR 48 br AR S M o431
2P (P>0.05), W32,
2.5 CD38"HLA-DR'CDS'T 4HA &7 L 7E IM 2B Hh %L BE S #7
CD8'CD38'T #1 CD8'HLA-DR'T 4} 157K 2 W7 IM 11
M2 T AL & 0.931.,0.993, e fEilE FHE 5371 0 88.89 %,
37.65 % , HUBAE S 1 88.89 % .93.3 3%, i FMETH 100 %,
WL 3 FIE 4,
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Fig.l1 Comparison of the surface activation molecule expression levels of CD4" and CD8'T cells in the two groups of subjects

Note: HC was the control group, IM was the acute phase group of the leaflet group, and IM-2w was the recovery period after two weeks of the leaflet

treatment.***P<0.001, with no statistical difference in ns.
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18 CD38 F HLA-DR Y #i5 a] I FHHUj) HIV 24y sl i 4
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A BRSO B AR NG BR EBVISS, FATTAIIFTE 45 2R
& M L2 PE CD38 1 HLA-DR 7E T 4 it 2635 7K 1 .

T BRZH , #E—ALIESE CD38 Ml HLA-DR ] {5 Ry 25175 540
e RN T30 T A0S s EARie, SoCEHEEAR ),
H#Fs &3 IM B IJLALE & 2 Ak CD38 #1 HLA-DR 7&
CDS8'T #fi Jiid F1 CD4'T 4 Jifl T i A4 72 & AN [l , CD38°CD4'T Fil
HLA-DR'CD4'T 4 Jit $& & 1E % , T CD38'CD8T Al
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&2 SMEIM T ZBA85RE CD38 #1 HLA-DR fI3RiAKF 5 ALT AST.LDH ALB. 2k B0 A8 H 43 b B bk B 2R AT S B9 AR St 3 4
Table 2 Correlation analysis of the expression levels of CD38 and HLA-DR on the surface of peripheral blood T cells with ALT, AST, LDH, ALB,

percentage of allogeneic lymphocytes and lymphocyte count

CD8'CD38T(%)

CD8'HLA-DR'T(% )

CD4'CD38'T(%) CD4'HLA-DR'T(%)

r P r P r P r P
ALT 0.570 <0.001 0.482 0.001 0.171 0.261 0.128 0.402
AST 0.384 0.009 0.329 0.027 -0.034 0.827 -0.124 0.416
ALB -0.399 0.007 -0.537 <<0.001 0.061 0.693 -0.030 0.844
LDH 0.560 <<0.001 0.526 <<0.001 -0.140 0.361 -0.169 0.267
ALY 0.693 <<0.001 0.557 <<0.001 0.264 0.080 0.107 0.484
LY 0.476 0.001 0.443 0.002 0.065 0.674 -0.014 0.925

Note: ALT: glutamic aminotransferase; AST: glutamic oxalacetic aminotransferase; ALB: albumin; LDH: lactate dehydrogenase; ALY: allogeneic

lymphocytes; LY: lymphocytes.

% 3 CD38,HLA-DR 7 CD8'T 4R IEKFISHT IM HIRBELE R
Table 3 Efficacy results of CD38 and HLA-DR in diagnosing IM at the level of CD8'T cell expression

Diadynamic criteria AUC 95% Confidence interval Specificity % Sensibility % The best cut-off value P
CD8'CD38'T 0.931 0.8662-0.9953 100 88.89 33.00% <<0.0001
CD8'HLA-DR'T 0.993 0.9824-1.000 100 93.33 37.65% <<0.0001
109 — A A CDST ARUIEAG, NS CDAT it
[ BEIR IR R AR, R B TS, EBV-HLH I 5 #E 43 i
0.8+ BIM &, ATRE S50 T 40/ CD38 F1 HLA-DR 4b TH¢2E 5
2> PR, X A W — 3 R KRR AL RE R TM AL
> 064 RIS T A0 A T ALARTS S PRSIV % ) LA
] fud] ——  CD8CD38+T(AUC=0.931) —ERMNE, FRATABTE A 1 Hlh IMER, 55 7 dm ki
» — COBHLADRsT(AUG=0gey  CD38 Al HLA-DR 4 Fhi , KAt M HLH i3 %4 45
0.2 20 HLH, JiIHT CD38 Fil HLA-DR 7 T 4Hjfl (Y314
K] Hi R B A . {1 EBV-HLH f JL. CD38 Fl HLA-DR [
0.0 ’ TRV REEET IM, LS CD38 fil HLA-DR g &4 R

1 I 1 1
00 02 04 06 08 1
1 - Specificity
[ 4 CD8'CD38'T #1 CD8'HLA-DR'T i2 i IM B ROC gk
Fig.4 The ROC curves of CD8"CD38'T and CD8" HLA-DR'T for the
diagnosis of IM
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LK S Tl B2 B A PR o g e, ] W e e

16 IM 1 EB J5 5 ¥ 40 2 B kLA, O, BILA N
CDS8'T 4 i (%5 H A 1k B 2 T i, AT B L E Bk g 19 B 41 i
SEEGAE B e EBV-HLH v, EB 9% 5 B 3200 kg
T/NK 40, A5 T 4k NK 4k 25751%: EB JRasmIfe ),
MU 94 IFN-y \TNF-o Fil— S8 HABANAR N 7, Sidsk

TehR , BT i — HiE

F5ERW] EBV 5| 40 32— e Ja 2h RS 30 |
P g, H CDS'T 4UAR IM Jk AR 5 495 i ik ST fe xR
A RATHR LB AN E i CDS'T 4i i 3% 7 CD38 Al
HLA-DR ik /K F-5 ALT AST 2IEMC, 5 ABL 2 K,
ifi CD4°T 41 il CD38 F1 HLA-DR 3 ik 7K 55 1 445 JC 41 3¢
P, RIS CD8'CD38'T Al CDS'HLA-DR'T 4 43 1t , fig
T TR b R e IM 2R TR R

A JE i 5 78 9 EL 40 B A AR BT R 35 B 4 Y CD8'T 4
g @3, iz ] ROC Hi £k 45 S W /8 CD8'CD38T M
CD8'HLA-DR'T %I IM 2 Wi i {H %5 &5 , AUC {4331 )y 0.931
H10.993, HHURR BE R KR R S I AE 90% DL b, $RR AR A i
CDS'CD38'T #l CDS'HLA-DR'T 4iffd 57K F-rlVE K IM 7%
R IBWTER

L5 LR ARSI IM B LAS [ B B A0 i T 20 Y
CD38 Fl HLA-DR =357k VA4 B TFAh IM LR ek,
AIVE PR T W F B, R T X208 4 A BLHA T ; 5]
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