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[Abstract] Tuberculosis is a major infectious disease that seriously threatens human health. Although global
progress has been made in its prevention and control, its morbidity and mortality rates remain high. The situation
for tuberculosis control in China 1s particularly severe, posing a significant public health challenge. In the clinical
management of tuberculosis, unresolved difficulties persist, including the risk assessment of progression from latent
tuberculosis infection (LTBI), the early detection of active tuberculosis ( ATB), and the monitoring of anti-
tuberculosis therapy. As objective indicators reflecting the host” s pathological and immunological responses,
biomarkers are crucial for optimizing diagnosis and guiding individualized therapy. To this end, the Chinese
Antituberculosis Association, Guangzhou National Laboratory, and Jiangxi Chest Hospital jointly organized
domestic experts in relevant fields, combined with the latest progress at home and abroad and China’s national
conditions, to develop the Expert consensus on the application of host biomarkers for tuberculosis. This consensus
focuses on host-derived biomarkers, systematically reviewing the current applications and evidence for those based
on cell-mediated immune responses, host gene expression profiles, and cytokines in the management of tuberculosis.
Furthermore, it addresses key clinical questions—including the diagnosis and progression risk assessment of 1.'TBI,
early and differential diagnosis of ATB. identification of drug-resistant tuberculosis, dynamic monitoring of
treatment response, and prediction of relapse risk. Based on the principles of evidence-based medicine, the
consensus puts forward specific recommendations and practical suggestions. It aims to provide guidance for
clinicians, laboratory professionals, and public health practitioners in China on the scientific selection, standardized
application, and accurate interpretation of tuberculosis biomarkers, with the goal of improving the level of
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tuberculosis prevention and control.
[Key words)
Consensus development conferences as topic

[Fund program]

Mycobacterium  tuberculosis ;

TR WS AT B (Mycobacterium tu-
berculosis » MTB) 5| # 8912 15 L0 , FFE AT 23K A
ETAEMBTERM. REFEEERFHET T
O IXAR B R0 (840 T W R D B TR LR 2 ] AL
REBFHEAR MATRERA, B EHH
P FERBAEFRUN. ZBEFREMEKE S
AT, ATImEFRMNERES R KK &%
A% FF B e R BG4 (latent tuberculosis infection,
LTBD 4 0 Br A 9 % % W % K ik & B (tuberculin
skin test, TST) #2 v-F 3, & £ 3 iR & (interferon-y
release assay, IGRA)# .2 XK 4 LTBl 5 gz £ 4
# %5 Cactive tuberculosis, ATB) , 4k, # DL i | & %5 3
e BB X R

ERERT BB SKBMEERENLENAE
MR E R EERRE LW LR T BN
FHFEENT NG EAE KRR RS,
AXREERGMEUWE AR RIFSFZE
PR EREEX R, E S K E K EERN
BYFRKARE ARKEAFRAET EF LA
REGRRMAXRENNRESDIR FHE. GENA
o e A A 7 T AR B AL R L SE R B DL, DA B 3 B 3R
EI & mEMTE MO TN A TSR F
€1 3

HIDFIT TR F

AP F AT H G A F 1 EIE RN, B
MR R A A A R A R, 2R
TR A K AR L& KA e #E3 | M
B AR AR By R L ok B R JE] AR B IR L R M
THEEESTFEHEBEELOHR, URERAEH
KA EF L NIT,

— FEREABRIMEG & K4 KR

AEPNFITEHFEEERESREIFAL, X
iR RN R M ZREE.FRIFTEANE
EMFRERLT ERERE EMARX RATRF
S5WMBEH.UEHAXXXFAFBEAREEAR
HIEMEE EREIWN 50 2 WR T K4 R FEIRH

Infection;

Biological markers; Diagnosis, differential;

Jiangxi Infectious Diseases Clinical Medical Research Center (2020BCG74004);  Key
Research and Development Program of Jiangxi Province (20202BBGL73033) ;
Technology Development Fund Project (20221ZDG020069)

Central Guiding Local Science and

WMEIAMFRANETRA, iASE5EXAEER
A W AT R AR K U R — WY BT 5T A A B e R N
A &%, H£REE T ITIET 2025 5 A EX B3,
it 5 ANF LT 2025 £ 10 AR X ER. AFERT
rEEREREEEMG ZRANT M EMF.
PREPARE-2025CN1634,

ZHERERE S MA EARARE

AERWEEMEAZ N 2E LS RET P&
A ERNE T ANEER R S BT ey e
BEIENESETEEAAR, AECHEELR T IE
KEF . REER . ZHEHEFR REMER . AHXT
EE, UEMEAROMTARBZFAR. KL RER
B4 xR B AR EZE N TA RS HA Y
AR EE (B ATB &AM B AD), &
= LTBI &, Bl i 08 % FEHAATE &R AR TGS
0 i 2y A K AR

= KRR Ak G

ABRAFL RN ERENE K LR T WHZQFK
foxEm E A, TEH g @) ZMAEKE N —LiE
KEZXMBFARNEL, 4 63 E NI K40
BERFTXBRNZAR BB, WP RERT —RI 5%
%R A HIAR S 0 B AR R iy ok B K R R, 3X Bk ]
BT E£WmsmeE LTBL 2 i 5§ # & NG F
H ATB RO 5 57 2 W W 20 45 A% 0w By B ik
RAIET R W A KN E KT+ 1y R A
FZNFH. ME, BT EXANI N LR ITHA
RE RATHEAAL T AL RAFEEZ L F R MR
HEFEENLNZOKRE R A, AUy Fah gz T
XA EBERERMEEETET AA.

M IE A

ARIEARLREHE LR F A 0EE LA,
FRFITTEATRT TITHILERZ 5 IFN D
4, /DA TR R B — Tk e K AR
F= R 7% B PICO (Population, Intervention, Com-
parison, Outcome; B : BF %8 Xt & . T T 48 #e . % BB 45
Ha 2 R am) RN A4 AR R KB, A E WA £
WAEPEF XMETEEFHATT Z5 .20 WX



R E PG EE AR 2026 £ 1 HSE 48 #5258 1 8] Chin ] Antituberc. January 2026, Vol. 48, No. 1 e 11 -

F 1 UERHERE N 702K B N RATE

HEFF A REX NI
I 2% AR RS (80 — 200 6 A A B E 8GR 7 i e A
125 A PN CBO A3 20 IR 3 190 A7 J& B AN DI B B F ElR T
[Ta 28 A7 SR ATEARE /W (BT T AN (B30 A7 %80 W I Be 4/ E BRI 7 = 6 LY LA L
IBES A I UESE /A5 ¥ AN BB FT 20k B A RN (Bl A8 250 I I e A sl ya 17 AT BB & 5 B Y LA I8
25 AUEE B RS (B0 — 202 A JC AN (B0 Joxk, B 20— 2895 | A] EA F AR/ alinyr ANHERE AR

mR, RN KEEEEETF PubMed, Embase,
Cochrane Library.Web of Science, 7 & & % . & #
BRERRRETF & RESF R HFIHEESE,

# & 15 & “ Tuberculosis” “ Latent Tuberculosis”

*

“Biomarker” * Interferon-gamma Release Tests’
“IGRA” *T-SPOT. TB” “ QuantiFERON” * diagnosis”
“sensitivity” “specificity”“ E K" “E WA o7
“BETDOBRRTBRRERE M F, HFE
A /R E A H A5 (AND,OR,NOD #4744 6. 2
AW XMEBA R EHETREWN R RN A Meta
AT EEALA R e, E R AN T BB R D
TV MBI R, AR AN AR B AL K A B B #T AR
AKEEFTRFEREARE. FAHANNSEZF X
AT T EHRE, UR T 2T IRBA KLY,
SCHR AR R B B R £ E ik € A 2T 10 4, B B FE L T BP
AEFERBMEXNEHEE T, IEHEL R NA
W HHEIH 2025 £ 5 A 10 H.,

g HF LK HIEERA

AR K B R T A 4 21 (World Health Organi-
zation, WHO) 3 % 89 “ 3 7 2 R 8y i v L 2 5 F
& (Grades of Recommendations Assessment, De-
velopment and Evaluation, GRADE)” iF 3% T & 4
FAnig T R A (B “GRADE £47), xt i 4&
FMEMBEEFREHTLR EEKILE 1.2,

=2 AEHEAKP I BGE X

JIEE K- iE L
A ORRIE T 2 5 R AIL G TR 7T ol 25 2 40 B
B VORI R 50050 B AL BRI 5 25 22 AR B AL X
HRBIT S
C R 8 AP L U0 O 2 P A 5 ([ Jo 4 ot

7¢I B F A1) B S IO

N AR R L K
AR A EEE LW K% E AL E
FOENMN . FRARNT TR ANEEE E MR

. HALERER SO /AN T T E 8 AR
X#AT B R ETFEREEERRK, BG4
TR ke KR, 52 & 247 BT A ¥ AR W R
EANTT W, I A% I BT AE AT WA R B
MEFNE VT EE VT R RPN R AR 1 K
EFERTENAETHERNE, R, RET
BAEMBARZ T NG, B 8N &0k 4 5 K
o EWEM L THRAMFENT ETHEENL
REMNONEEBRBEMERRA . XL PHEER
WHEERXG2ERETRAKRAAITZIRN & L
TrRANR.FRAFMEER. ITHFEFUANREEFEERE
W MBRH - FHXKERZ RANBEEZRTSF
A KERRAEEHLR, HRNFERAE
REREAREZEHEXARANANT RS T XA

FEAANEENE, AKX RTRONEFRTN
FERFAENETFFEA. LTSRN IEREITAERT
X AR B R AT W AR ke K B BT B
MELA BT, RIRNEN EF TR EF A
REBKERFRF ACNAERTENTED
NERZSERE LA ENET AU RFREREN &
K.

IR E RS BEIR

MR EN R 2 E MTDB R 3 3k i i
2o, LR R R A ST AR B R U B . e %
RBRFEENMFREAXFEIRENL, F. AR
GFEET. XERITFWGIAETMLEERRNELR
EREBRFEN - WHETRMEETEFFF
FTHENHAX.DHMEFHGFE . HB L. 2%
B oA G E WA EE N AN,

REELRE - ERRENDRIENT KRB N
RAERBENENTEDAE ERFENENIFZD.
IR ERFENEDIEEWEERN MTB & &K 5
o 4 M4 4. 4m MTB i # B (DNA 2 RNA) .,
Mg EA (M EHBEREF) . WK AE



o 12 H E B EEA A 2026 4F 1 HSE 48 #4255 1 ] Chin ] Antituberc, January 2026, Vol. 48, No. 1

ZUT L B ERIEN EDARF N R BAEX MTB
REFFENEFN RN E ML FEEER
. TEaF . B exmlheg. £ A R
A CD4/CD8 1 i %% . WL/ FE B AR E W) ;s £ %
M EF/ A EF e Eg0v-THZ
(IFN-PD .. v-F#H £F 5 & 5-10(IP-10).C R p &
H(CRP). & 48 i A £-6 (IL-6). B 3L B F «o
(TNF-O) % i R RN REFRE(EE
DNA ¥ ZAb); 25 x4 /3 B & 3k 3% (4o i 7R 2k 41 48
mRNA FAEME R A ) & G RA A 4 F 455 1E
(g fn 3¢ & 3K ROB R AE M R ) &Y R4
PRELRETEEZRENEMARID, BN €A
IR BRx MTBREWHFE, LRI SRKBE
5 EARE A AR A AR, AT N R o L
A TR EATERNEFREEFENR
B SRAR

— HEYRARANMBENEMTIDER

MTBRFFARWERARERELS N 4 M0
B :MTB £ % .LTBL. R E R &% ATBMY, & —
MR ENTSINEFRXSANE:-FENRFE
mEMRE e E R IR L.HEANLTBL EFE
W REMEE RS R B A R e &R AR AR, A
AR TRRMARES; Bl RN & i Tk H
MEA Wl KER, W FESERRENRE DRI
BENEIERE Y ;ATBRBEAREEAZ Y
XAE BRI VR Y1 W A S A 12 T, T AT R A R
TREREIRESERE . FFAUMEITRMN,
URFMGHA B RN TGN EFE R, U X
R AR AL B9 A VB 38 77 Ao T R e g A e DT

T EERBEWNENRERDEERT LT F W
B A

BEXM MTB REH RZNEZRERELE R
WABHEZEZ—, ANERAEEITARNENE LK
K, HAHHHBEEFAERRIEAEZRRAINS
FRAERTED - TLWATRWER TN —, &
ERFENENMTIENEEZ RN FH RN RS L
A KFENRET T EFFTEER 208 A #
AU, R E e E TN AKTEEAT R %
MENRERMEA, T AR EHNAEGERE
MRE T RESRIPERZD R, BT REIE/
9K A s 4 A it RNA %L‘ﬁﬁﬁ-ﬁ%ﬁﬁ%fhﬂﬁﬁ
BLsMrmuaRmE s @BENGASRELE AT

W AWK RBEMEN R Z HE", W, RE
B ERFEIERAE ATB B9 By B L 8 A IR
EAEELEERFERT(WHEBEADM TR RER &
BE, BN XBETAMRENRNENHR A
BN AZEEZRANEZRNEETER Y, FE
BT A BB i B AR G T AR B T A
TRy A A

FEBEEUFEY A E In R A

MTB & TH X &E—RF| B R0 RE
MEA, AR ER AN E AR F R AR
BT &R0 887 BOF A g T 8y £
RREWRET F B HRIES,

— ETHRRIZNLENENTED

(—)IFN-y

T ok B 28 fa /= B 40 g 5 2 £ 0 MTB & 3 iy
FEWHIPREEZXEEZNERAD, LF.ZE T
i, e Al CDAT S Bh M T 40, £ R 5l 0 R 3=
EMR(RE A W XK M) % 2wy MTB 4%
FUHEFERE - HHEH 2R S HEREF, ™
IFN-y 2 3 & & B & & M fr ¢ 8 M o — A,
IFN-y 8 9% 5% 4 % 7% B v 40 i, 3 78 2 Fvg fn R K
MTB W&, 2 Bk FHERIZNZOHA T, H
Lix — K8 R E FHE, IGRA & o0 JF & 7F B A&
HYHARNAR 2 L BERT N — L@ %
AT WA ™), IGRA B JF B & & it £ &
ShRE SR Z IR H B 4 B o e B, 3F 4 | MTB 4 7 &
TR % K E A& B 34T R, A T A M A
ZRE RN AT FE IR F3X WHR I &
WMTBE®IEIL THR. WX FE, XN T Ak
BT RHEHAKET & IFN-y, L 5 40 %%
FRAZERN IFN-y 89 K F, B A ALk 2 &
A MTB R, REFEL N IFN-y F % 01 H
IGRA £ & 2 # T ¥ B & & K Mt i 32 (enzyme
linked immunosorbent assay, ELISA) g 7 = fo &
T B BX %% 38 4 K 3 (enzyme linked immunosor-
bent spot assay, ELISPOT) 85 7 . IGRA # LTBI

VTP ETHRTFNFAE ZERXFX T E
(bamllm Calmette-Guérin, BCG) ## ff & f1 Kk % %
4E & # o # #F B (nontuberculous mycobacteria,
NTM) B 3Lty % e, & A T BCG & 3 #% # 3t NTM
RAERNE N XY RECEHR 2 BATHE v




R E PG EE AR 2026 £ 1 HSE 48 #5258 1 8] Chin ] Antituberc. January 2026, Vol. 48, No. 1 e 13 o

THEZBHAAREE KK A % KXE N (2021 4
WO BREEZ 2 BATE R F A MK A LA £ K
PRI IGRA B BT8R E 4 7 800 ~900, 5 1%
 TSTHYS g, ELAEETT BIOHERE
B EFMHT TST, b, IGRA X F 1 K&K i B ¥ %
AN, % T TSTEELEHE 48~72h R H
& 57 LA HEAT 8 R A3 BT A R o0 2k 3 B0 RE, b HE R
Td TST A S a5 M “H 8RNt 448
HTH, B, AR BEANE.ERENEAD T E
wELHEARARRS.

£ ATB ty 3 By B 7 @ . IGRA [ 4 4& R A&
T MTB %, W 82 i/ & F & ATB(H
6 R F TR 45 4%  JLE A% K Sh 55 4%) B D i
RUEEZWEFEEES, KT, LA EENZ,
IGRA W R R & T H A 8 K 4 LTBI 72 ATB,
TitmATle K & RASH LTBI #, 22 A Tk
RGN EE AEA TR ~EHEER. Elt,
RN T ELG e A T ATB# L S #E R, A
SAEGRBBREREMEREAE LS H B,
s oh, A R R K IGRA AU EAZ B 7 KN 5 0 &
gy, Fl e E IGRA S R HEHR € EHE
HMENRT R EETRENMNR . BEZ T EZTSHEE
B, RN AN EEFHEADT . BT mRE S
IGRA T X 4 LTBI f2 ATDB # & IR ¥, 20 5 R #F
RHEERG N MTB & 4% K #] 48 % 3R 2 ATB
FREMEFATALZR IGRA,MIPARERE
AH—ERSENEEAAEE S E N E KRR
oK B I 5 T 2K A A Il RS2 R RO

gt oh, — A B MTB 45 7 908 F 3 4 w4
JE ¥ 6(ESAT-6) #n % % e i & & 10 (CFP-10),
Tl MTB B 28 K k33 T & &3y, WHO
M2 BT E LR R KR 3 (Mycobac-
terium tuberculosis antigen-based skin test, TBST)M¥4
%R I @ AW AR X MTB 45 7 907 8 48 fe
I+ HIE Ak i MTDB R 3, & #TIE 48 % ¥,
TBST ' # k5 IGRA #g Lol

HAHEZN 1.3 % IGRA = TBST 44 LTBI
YR Bk B o ik, KL E A T BCG 24 AR Ao
TST 4R A HAAEGAR., (BEHEFR ] EHR
7 A)

EHEZN 2. IGRA #= TBST TT4E4 ATB 84 4%
Bl LA AR R AL 20k A T #4 R HErk ATB, &

REAM TR 4 LTBl 5 ATB, GEAF % 1,3
FEBF) B)

(DT@RERAEhRirEY

A ZERABREAFEANS MTBAFRE T
20 Ho B4 B otk B 4 A T B o 3k A Fo o dk SR AT RS 4
AT s ARG B & AR 0% R 3 A T
AKABFNETIERBTEELRAZ, THEAKEE
& NME R AL, R Bk BT B A T LR
FICRASWERM ., EEZFP. & T 48 CD3")
FREWMAETED A —HyHE T @4 (CD4™)
FommpnEN T @ (CDS )M AN EXEE, T4
EEMERT WEZ LT AR E, 7 E
b, B e mE R TN L A arE ., T U
FRANMT R AN R ZRERS. WA ERE
¥ 5 JF & Wy 4h R ik B 4m e T B 6 b ) R 48 3 it 3k
(ffl 4w CD3" . CD4" .CD8" | B 4k 17 %1 f1.. B %0 Jfy
K CD4/CD8 ()&l EHE N E XL REHFA
TIHHERREZ ARRAS SR FEEMRNR, IF
% ¥ EIE KRR F 5B BRAET

1. T @ fg 7& /2t ax & 4 - 40 CD27., CD38,
HLA-DR., Ki-67, CD69 #1 CD137 % 4 F, ® %
MTB# M THREEANERABEA AT SEH
R VE SR A K MTB #i #7 % A k159, ] 4,
HEATBEZF MIB&HERMECDA THREXE
CD2T(RxENZ TR XA)WRAAT TH, @
CD38.HLA-DR # Ki-67 % v& {4/ 78 4 & M1 W &
ANMEZEERH XETNEREZARETET X
A RTIAEEAIFERFEEDEAREN BT R
LBy A0, B AR & 4w CD69 1 CD137
£ MTBIER S E AR E W& T 4%k | %k
I, G ROBR T A RS R SR R Y

2. T WA 5017 /% b o ik 07 . ATB &
# % A Bl CDA™ %8 3¢ 1t 20k Bk B 48 g 2
CDA/CDS kB K, X R 5 FR.E R MR
& 2/ R R R TR AR K, B b, W R A
RENFHRE RANFEARTHAEL A TMEEIE/
ARUEWH —%. ZFNEEHr. B THaRT
B T EEERRAMEX. TR &N
MTB # 2 WR1Z T @i, w2842 T @ e & 5L
B TapfmA RN T 400% LA LTBI
#f ATB B Wl =57, LTBl ¥ §4 K i
2/ %X, ATBUEREE £FEMHM/L XK



e 14 » H E B EEA A 2026 4F 1 HSE 48 #4255 1 ] Chin ] Antituberc, January 2026, Vol. 48, No. 1

MM E A R R A, R B E £ R B A& Y K
AR NS, Wi RN THAR R THLE
THIENRE BN, FAREAN, kKX CAEE
23 CDI61 89 T 20 i T 2, 45 7] &2 MTB 4557
Mty CDATCD161" T 40 L, £ ATB B % 4 & o o
MEBK, EEREBEHTEEE™ . X L2881
=4 IL-17 . 10-22 #2 IFN-y % % & 240 6 B F, B A
KRG iR R Efn 4 P15 B oY K B e A
&, HAE SN A g kALY 20 AT L fE R K
R AEEM R A ERSWEERS T, BAE
R R KL ¥ EHlw K AZ TR Rk FATE
HGRA/ PR/ ZFZREDEEZFEFBERELERE
EHFEXEEL, EAERAAEAZXE LN KE.HK
ERHEMEE LN TEORERAFEL 4 H LK #E
W T e RAE R A

3. R IZ WH /T 4 B . — 2 B e % R T R
Wy 2a B 0 A%, e T T 48 M (Tregs) | 5 IF 4 40 4
21 fl (MDSCs) %6 72 ATB B # 4 E Bom A % NI
Z HAR R WE @ E FREETH KN T
Y0 HE3h He VT RE AR A% Y R kAR A T P R
EEEERA ARy RSN T TR S KA
W= E AR E AT G AR R

TafkaB 5wl KINE, &£ T £
BBRTNERLH T ELERBRNAZERERS. &
EUYMASBARFARLZ A BEHREZTEE
X — PAFHATIRT L S FUEER A, b K 24T T 46
T RTAFAMAE—w MTB 45 24 T 20 g v 75 1L/
#¥38 & A (40 CD38" HLA-DR "), 3h & 14 40 i T 7%
(4 CD161" Th17 4a jig) 69 S 2 & 1k, LA & Tregs 8y
TH—S5RFNTERE ESERIET LAK
MARDY, T REREFRERBWESLR A
FME . XLERFANEEEEAETEEE P RHF
LT ENTEEAREWHE X . EHERE B
ERRERHRER XA, A& EAF M Gk B 40
THOEAF R, AR BFAT. TARRA S
WA N LB E R RS
REMFARE, T ERRZ MRS KT TR g 4R 4
K 7R PR

BHEZNLIATRIX @R T @ik AR
B AT VT AR B A 6 B T /AR AL T E
A THRREEREH G LR REH ML RE (e E
JE R IR AR S/ B R IRB) RA R 2R TR

THRMNAZEEL L AARGELERB TR,
(e HF % a,iEELH B)

I EATHEBRRENENEDITED

MTB g% Jz , 8 £ 24t xt % # MTB #i & 7= &
R LA, B 1F 1gGL IgA fn IgM & # 2 3K & B .
o 2 AR T 1E R E L R AR RAR T AR A
R EERRABRFDH N EEZL R 2., XK
MRERFFHEARELKRTFE M, YEZFHND
WA E MR T EERIE,

(=) S PR le K bR 37 =

Zaa WHO X fFE XA T XA, X
TE&ZIEAR N 0 vF AR S 3 E SRR R &I K
SR — Y, WHO B D B2 1E Y
EMRY BTN ETE, KRR THEZ R AT
BReRATHAES, AT REERREHEFFHE
Bl e (A F 7090, WXk BEZEERB Y&
F U ARKRIAKBTRNHFATEED . E X 2EM
WHO #r e SR A ERK 2. o, WHO £ 1F ff
o JE 2 A B BT AN By 67 TRF R AR ) R 2
FHEO~100%), £+ H Z60 4 LKW BRRAA,
ZHEF LR E—ERELEE T HEHH
AEED, ERE, EZIUEAN &0 E A
NAEXMEHAMER N ERNHE Y Y. FE
EFAARERRA.CER GG EEETE R MAE
FERANEZIAERN AN ERTL BEERE, kK
RETHTHERE A N 80 . 4575 4 92565,
(MBS N AR EEREBNE RE
P TFRAHIEH, AR EEREL BB F
Mg AKX T AR AN EZNIE R BT REAR A
I, AEERTEE BTN AP T2,

T A EEAZ D BT U3, TR R BB A% A DA
IKIAABAR A, T EA N 0 H AL /5 2] T ]| A
2025 FRAMCKERMERIER Z2FH LT ¥ X3t
PYYEREHERERNEAN L EFREENE
WMol FR., ABE(RAZEZLH AR
B ama b T £RAEZED W F &z -1,
EXWHRA RN R AR FIERN LAY
W7 % # it 4 45 4% T BBk By — 3R

WA, R BTRE R A BT I NY
e S 7 b L R R A s =2 - e N W o | G
T B R K 25 4 7 B AR o B I R By B, A LR
FEATRNE R E, ik a5 IGRATST %7



R E PG EE AR 2026 £ 1 HSE 48 #5258 1 8] Chin ] Antituberc. January 2026, Vol. 48, No. 1 e 15

FEREMA R AR ERRETEN LR
ROE . TEIBIY MM 7 E, B AR R R N LA AT, B
TEKFNHSE AR T HIF[METREEERES
., ATEFTREFAENES  WAEKTFHFEFA
BHRT BT KR IRFE R, AT ERZ KR
FIEEE . Ml KA REEAN BN E L.

(DDERTEHNEANFRES %X

REEZRTEBRNEREELZ OB KR+ E
AEENE.EEKNAFIIEIEEZE AR, 40
TR ITSEFREEkB 2N ETARE ERHEH
Fw R EARFR BT A ARE, XBEHRMEEZ
Zomai g R ERA AT EE, 2011 £, WHO
TR FE S B IR T R AR, OR AR 3 A T 45 AR
ERMNIEI SRR LB F &, X—LFHE 2025 4
BRHATN(ER T E AR ERRELSIEESK 3.
S kKT, AR, ZFEAEEHRKEH X
WERBEEAANAEREZ. REBERS F B £1Z
IR BLF R EE B oy ZE 7,

(DDBRAKELS KX H

FF K, KAEREZEEN HFRAEFFTHEARAER
FREMEENE RS TRINGREMNE =/
B NAFERMEIENNALEERETER
W E AT RO, B R A B T 0 S A T A
MTB 17 3k % $0 8 4 6 7 M 7% 5 5 B & o9 o A
B, —WHAFHARBEEEAIE, 2 Rv0310c-E,
Rv1255¢-E.P12037 .PPE17 .MDP-1, I\ % Rv1860IgG.
Rv3881c-IgG.Rv2031c-1gG #7 Rv3803c-1gG % #1114
ERrARFYETHREANEEMR WD BT &
gelos68]  fal4n, 3 PPEL7 #a30 MDP-1 ik K £ #&
ATB #u LTBI # |6 7 #£ £ ; y1 MDP-1 futk K F
EHETEFREABT TR E R NG X, BZ X B
W KRR E A F TR E . E AT A
R RENEFe BREENMBHHNRT, x4 E
M ER S ATBRASE WM X,X H K4 LTBI
SATBRBET 2FH WA, 7 8RN KK MFF
D EE R ETTY, X BH T N AR
ERFERSEN T EFEHEFNEENARET E
B, AT HMAEZEARAMATERENE; £ X
B Z KA % F 0 By BT 96 M Il R A 5T 30k s A W
R W R AR, B G — B T BT

EHEERLALRAERAARRESTATHAER
JB R AR LA 0 AR AR ) 6 e SR R R AR E L, {2

A TPESGEHA N 42eh B, 2048 R R A
TAEA RGBT #2408, (GEHFRIDb, 28
4% %) B)

HHEI 5. AL AR M 25k 4E 4
AR E. QEFFAIIEHRZA B

S ETEFERRAIENEDTIED

M EHFA EENFREDEEFHAMN K
HE B HRAH %20 MTB R L5 F £ 4
Flismf sk A AP RXERANT ., HF X,
i RNA RZFEERAZEZHENTRE DT RN
HopF -, @tk ATB &4 . LTBI A
KR T Bk % AR RFC LT N
SHUMBNERE N E LK RNA k& B
EXBFMAERBURGEREL R ATB 5
LTBI, 8 ATB 5 E " F R KK, X LA
HEBETHEFSERN RERBEHAXEE, UK
5op Ve b a0 e A% 4 e S R 4E L Th BB AR ok B S
FLUTE o RNA kA 8 R TH M LTBI &
ATB 3 & W RUR, DA R WM 30 48 4% 38 97 K BL By 8
AV, ERERETTEF ATB EH R+ 7
FTHWRNARA S LZEHKEEF HRENEE
fEE T 5B RRMA K. Wi, EHE RNA
(41 miRNA ,IncRNA . circRNA) 1€ # 3 F & 35 &5
NWABEF ERHBEERHENREZDHART X
BrizxE™, 2T REH, ERFAEH LEF.
KRB EMER T, &M% RNA By Kk AKF
RERFERES; 9, 45 % 8 miRNA % ik ¥
MRS ERENE LT RN TGS BT
RN 5541 48 %152 5 5] B, ofn 3 76 40 B RNA (cell free
RNA,RNATTHZE AV EZTNE £ R A
EMAREYS ., RETWE.ETh& RNA k%Ki
0 A I 7 kA B AR 5 BT LS R 2 R e T AR i
TRMNFEEA, MO R AN ZERKRE
RO AREENRKE T WMz %, KW, E
A %4 RNA &9 w0 & T8 R A 40 % 510k i &
WZREBRESREWNGKFIERIEE, LHLHZ
HARE AN AAK., Z F 0 R EE A7) B R 5K
R THEREERKEEFONE LA, £XK
HABWMETAHFEABFENERAAX.RETH
& AR AT BB M I R 38, 3 30 RNA KR 4E
IR P I R L AR E LR R, RARE LA
s IR 7T 8 LT R By VR VR B R R AR T



o 16 - HEPGEEA A 2026 4F 1 HEE 48 #4258 1 H]  Chin ] Antituberc, January 2026, Vol. 48,No. 1

EHEEI 6. REEAT RNA RA#E A Mg
WMELEG IR ES Y T AR EZH .25 TH
A REE R, i UIT B e R B 50 R A5 4806 R R A
B HFREEBREFTIE EA., GEGFA lla,
JEHE 2R 7 B)

H b 20 Bl & £ W B N S 4L [ F

% IFN-y 4~ e S o B F A & L FH F
557 MTBREMAWAZRELRE, FEAHE
ERAEGTEDNE. . BRI HEERNKE
PR EFEMKIZN LT ERE 2N,
B Bt 2 B (ADA) & — A 78 ik B 40 i 78 1L i 7
B8 H B B, AR M B9 IR AR R 3 ADA K F = P B & &
BEREXRNEE T %, AR E 7 E 20 4R
88%~93% 41 90N ~93N . EREREMEHF B
FEERPH)ZHEEST, AER, EFTREWN
27T E£ZEMBEXN2EF B 7 H LT ADA
M. REHARXE T, WERBE IL-27 L8 4 %
PRI RE R B E T 3k 93. 6%, S B A 95.4%,
RAEZ—FRAEENEDRINS ., EHE
i, — W EAE ZHAB ORI EEZRE.
IP-10( X #f CXCL10) 2 — fr iy IFN-y % % F 20 jg
HFiFEFFEem CXCHELEF. THEE T HHF
REHAMERLEBLAEEEZRAS, ARk
B, & ATB B, fn 3¢ | i 3 2 & & F 8 IP-10 &
FEEHEFAT, EAKFEAT 65 K iE 50 A
BT R A =Y, A& F IFN-v, IP-10 7 i1 & &
REE®,x HIVREREFRASWZ MR, AR E
MR X RS ARMET — 2 MHmB ., F A
= ik IP-10 eyl , B B el M, £ LE L %
HEREURBRERETREFRNAFF L T HNA
WE.ARAFILEABEEAR . IFH—F R
H W R g, Hfb e B F 4r TNF-o. IL-2,
1L-6 & 4% % fg # 1t & &-1(MCP-1/CCL2) %, &
MTBREEWH AR N BEALEEEZENERERF KE
EFARWERAS, flaw, MTBARYE T %44 B B
b IFN-y . TNF-o #2 1L-2 8 86 A3\ 0 5 R 3 4
R A K LI A oh B R AL 6 B R KR
WES R ERETERS ., £ —@REFAN
EEMFON L LN N EA R, kAR
M%MEFRMERAE, THEREEFFTNEEL,
T TR O A LN ERE XETLZHHE

#1-F & (4 Luminex, Ji% i R 4 L X A F R T 5
i, B RS X T RAFEART K
R

WeHFZIL T 40 MRk P ADA KF T4 A
RAWIE R G TR TR, GEFEFARI] .,
SEIELB A A)

HeHEEZN 8. 1L-27 1P-10 Fo 11-2 45 4 3 — X B
HtrE A ATB 47 . LTBI/ATB X3 2 I)L& 4
MomRGE P R B ARG R ANE S E
—F M. GEHFFAIDbAEEA S B)

HBHEZILI: ZATHELSAEMN T ZEX S RE
hmREFRBENET T OLABENL, L
PEPA R K R x4 4] & P TR LA AN A E, 12
Rl R AMmEdsFi#—viFh. GEFFXR Db,
IEFER A C)

hxSRE

REZEBRENTIHT R R (EHEMN
LIHEEMEANAMEEESMIA. BX5. K%
REEREUENRZBEZFRARR ABRSFE
WEZHF QO HEERIE, SREEELHRANEL E
foltEMF R, EUMNGERIEE. R, 0 EE
TWAFHAEEHEAAEERARATELER S A
EWENANFE—F 2 PCR £ &40 & A
e MRESF, Z2ZEET R WK F HREAAN
MEEZEYBAR R EF RSB By B xR
A1E,

EVSE¥EH . BTG —WRELBERE.R
S RERR, URER TR ABL A3 HME,
FHRALREREFERE UL, HEBT £ PR
BHBEEESSERES . SHER,ZEZFNIE
KEGREFrMERET E—REWEUB A
BEERF = GRBELREESRYE . ZB . 1ERF
FfE LR £/, A A e NNERAW BT

NEFERAE, FEHRELFERREMN
BN ERBEEZ H XL R, 5B ™ 8 KA
Ru G I EZGFFTH . REFTHSUHERIAFT S
EWREERAN UXFAL T LR FREREE.
R 5B BERENS 5 MTB-5E =4 L1k A
By EE A AL R VE BT, RN IR E W F R X
A THATEN R, 07 818 sy Uk




T E BB AR AR 2026 4 1 A5 48 4550 1 1]

Chin ] Antituberc,]January 2026, Vol. 48,No. 1

--]'?-

EE -

RERR.MMEFHRHIE T H % HFHAKK
THE,URAIERAIEF I EBEERELREF
BN H RN ALZEGRMITEIFIRIES ZRED
WEM HERENLH T EEE, mEESFH
MERE N BELXEZS KA Y w AT R, A EH 4
s LTBI # &5 ATB 2 x Afe K EmERE D Ia
REMARALBEREHENKE,

FIEEMR A 2S5 R Y R 1 ¥ B 1776 Al
fit MR

HEE A ERE R kTR

ERABE HEA A )G ) B B ER | & 4 (P [
B35 PP ) 5 T ol oV o (o AR IS B R 2 B b i BB 12
B5g /AL 5 T 5 A s i ek 8 AUE 5 B ) 5 B R (e ) o o Tt By
5 1] H O 5 A 0T B 4 ) HR O ) s TR CHp 9 T B 42 o
HRC A e 5 T B 2 0T s s O R K o T A SRR IS 2
BE ) 5 A2 WA (YL 95 9 00 7 9 o) o) 5 e (o ) o I R
=56 H B I R LAl B2 2 iE S Bl ) s iz (B2 BRI A =
BE) s ZEUER T RE 4 5 e B e /RN T 28 8 N RIS B) 5 5k
BAZE AL A (ALt TSR TS 42 0 ) 5 S 5 B Al 22
BB\l s Y8R L X5 5 () B R 2 b @ L it i il
FHEBE) 5 Mg A= o (L2838 Ko RGP R 2ERGE Be ) s T 15¢
0 CHT YT g P B 4 v ) 5 ok [ R OB [ Bl RN 26 =
ANEEEBD) s B0 QRYINK ) s ERKGLRE AL DA
PRHL) sABFR (T T 408 DU N R EE B s B e A O 1 E ALK
MmN B B ) s B P 18 ik 5 55 A GW e 8 e B B=
Be) s R (TTPE AR ERD ; 95 GLI A FEli AR E
BE) s X A HE 7 M T RS Be ) s ST (P /K27 s 5 22
AR R TN E S8 2D s P 45 ik FF e B R AT L 2R
A KIEE R HEL kR VR T O 8 LA R R
Be) s TR IT (VPG 4 e g i 5 R Be) s R 512 AR 1 (M
B RS — R ERD) s 2 M B K5 M m BB ) s 548
(B P45 22 E T RO B ) 5 7 s CRITRL T PP B e /i R K
2Bt = Be) s 35 BB T g 48 L PR TT N R R Be) 5 ) 5 AR G
B T3 4 BH L X B2 )

Z % X W

[1] Reid M. Agbassi YJP. Arinaminpathy N, et al. Scientific
advances and the end of tuberculosis: a report from the Lancet
Commission on Tuberculosis. Lancet, 2023, 402 (10411).
1473-1498. doi:10. 1016/S0140-6736(23)01379-X.

[ 2] GBD 2021 Causes of Death Collaborators. Global burden of
288 causes of death and life expectancy decomposition in 204
countries and territories and 811 subnational locations, 1990—
2021. a systematic analysis for the Global Burden of Disease
Study 2021. Lancet, 2024, 403 (10440). 2100-2132. doi:
10. 1016/S0140-6736(24)00367-2.

[3] Kumar Gupta R, Noursadeghi M. Blood transcriptomic

[4]

(N |

[

]

6]

[7]

18]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

biomarkers for tuberculosis screening: time to redefine our
target populations?. Lancet Glob Health, 2021, 9(6): e736-
e737. doi:10.1016/S2214-109X(21)00088-7,

Uzorka JW, Bakker JA, van Meijgaarden KE, et al. Biomarkers
to identify Mycobacterium tuberculosis infection among border-
line QuantiFERON results. Eur Respir J, 2022, 60 (2).
2102665. doi:10. 1183/13993003. 02665-2021.

LiZ, Hu Y, Wang W, et al.

derived blood biomarkers for enhanced tuberculosis diagnosis:

Integrating pathogen- and host-

a comprehensive review. Front Immunol, 2024, 15. 1438989,
doi; 10. 3389/ fimmu. 2024, 1438989,

Zhuang L, Yang L. Li L, et al. Mycobacterium tuberculosis .
immune response, biomarkers. and therapeutic intervention,
MedComm (2020), 2024, 5(1). e419. doi:10. 1002/ mco?2.
419,

LiZ. HuY. Zou F, et al. Assessing the risk of TB progres-
sion: Advances in blood-based biomarker research. Microbiol
Res, 2025, 292. 128038. doi: 10. 1016/;. micres. 2024,
128038.

Phat NK, Tien NTN, Anh NK, et al. Alterations of lipid-
related genes during anti-tuberculosis treatment: insights into
host immune responses and potential transcriptional biomarkers,
Front Immunol. 2023, 14. 1210372. doi: 10. 3389/fimmu.
2023. 1210372.

Sinigaglia A, Peta E, Riccett1 S, et al. Tuberculosis-Associated
MicroRNAs: From Pathogenesis to Disease Biomarkers.
Cells, 2020, 9(10): 2160. doi:10. 3390/ cells9102160.,

Du Y, Gao X, Yan J. et al. Relationship between DNA Methy-
lation Profiles and Active Tuberculosis Development from
Latent Infection: a Pilot Study in Nested Case-Control Design.
Microbiol Spectr, 2022, 10(3): 0058622, doi:10. 1128/ spec-
trum. 00586-22.

Willis CN, Larson SR. Andama A. et al. Engineered Electroac-
tive Solutions for Electrochemical Detection of Tuberculosis-
Associated Volatile Organic Biomarkers. IEEE Sens J, 2022,
22(4); 2984-2992. doi:10, 1109/jsen, 2021, 3126732,
Scriba TJ]. Fiore-Gartland A, Penn-Nicholson A.
Biomarker-guided tuberculosis preventive therapy (CORTIS) :
a randomised controlled trial. Lancet Infect Dis, 2021, 21(3) .
354-365. doi:10. 1016/S1473-3099(20)30914-2.

Noursadeghi M, Gupta RK, New Insights into the Limitations

et ::11.

of Host Transcriptional Biomarkers of Tuberculosis. Am ]
Respir Crit Care Med, 2021. 204 (12).; 1363-1365. doi;
10. 1164 /rcem. 202109-2146ED.

Goletti D, Lee MR, Wang JY, et al. Update on tuberculosis
biomarkers: From correlates of risk, to correlates of active
disease and of cure from disease, Respirology, 2018, 23(5).
455-466. doi;10. 1111 /resp. 13272.

Wang S. Li Y. Shen Y. et al. Screening and identification of a
six-cytokine biosignature for detecting TB infection and
discriminating active from latent TB. ] Transl Med, 2018,
16(1): 206. doi:10, 1186/s12967-018-1572-x.

Esmail H, Lai RP, Lesosky M, et al. Characterization of
progressive HIV-associated tuberculosis using 2-deoxy-2-[ ¥ F |
fluoro-D-glucose positron emission and computed tomography.
Nat Med, 2016, 22(10): 1090-1093. doi:10. 1038/nm. 4161.
Mutavhatsindi H, Manyelo CM, Snyders CI, et al. Baseline
and end-of-treatment host serum biomarkers predict relapse in
adults with pulmonary tuberculosis. ] Infect, 2024, 89(1).
106173. doi;10. 1016/;. jint. 2024. 106173.

Udomsinprasert W, Sakuntasri W, Jittikoon ], et al. Global
DNA hypomethylation of Alu and LINE-1

elements as an epigenetic biomarker of anti-tuberculosis drug-

transposable

induced liver injury. Emerg Microbes Infect, 2021, 10(1).
1862-1872. doi:10. 1080,/22221751. 2021. 1976079,



.18 -

[19]

[21]

[22]

[23]

[24]

[26]

[27]

(28]

130]

131]

[ 32]

[33]

[34]

| Chedid C, Kokhreidze E, Tukvadze N,

H E B EEA A 2026 4F 1 HSE 48 #4255 1 ] Chin ] Antituberc, January 2026, Vol. 48, No. 1

Rodriguez-Hernandez E. Quintas-Granados LI, Flores-Villalva
S, et al. Application of antigenic biomarkers for Mycobacterium
tuberculosis. ] Zhejiang Univ Sci B, 2020, 21(11).: 856-870.
doi; 10, 1631/jzus. B2000325.

Ma Z, Ji X, Yang H. et al. Screening and evaluation of Myco-
bacterium tuberculosis diagnostic antigens. Eur | Clin Microbiol
Infect Dis, 2020, 39(10). 1959-1970. doi:10. 1007/s10096-
020-03951-3.

Heyckendorf J. Reimann M, Marwitz S, et al. Pathogen-free
diagnosis of tuberculosis. Lancet Infect Dis, 2021, 21 (8).
1066. doi:10. 1016/S1473-3099(21)00337-6.

Kanabalan RD. Lee L], Lee TY. et al. Human tuberculosis
and Mycobacterium tuberculosis complex: A review on genetic
diversity, pathogenesis and omics approaches in host biomarkers
discovery. Microbiol Res, 2021, 246, 126674, doi:10. 1016/
]. micres, 2020, 126674,

Berry MP, Graham CM, McNab FW. et al.
inducible neutrophil-driven blood transcriptional signature in
human tuberculosis. Nature, 2010, 466(7309). 973-977. dot:
10, 1038 /nature09247,

Panda S, Morgan ], Cheng C, et al. Identification of differen-
tially recognized T cell epitopes in the spectrum of tuberculosis
infection. Nat Commun, 2024, 15(1): 765. doi: 10. 1038/
541467-024-45058-9.

Nolt D, Starke JR. Tuberculosis Infection in Children and
Adolescents: Testing and Treatment. Pediatrics, 2021, 148
(6): e2021054663. doi:10. 1542 /peds. 2021-054663.

Hamada Y., Cirillo DM, Matteelli A, et al. Tests for tubercu-
2021,

An interferon-

losis infection: landscape analysis. Eur Respir ],
58(5): 2100167. doi:10. 1183/13993003. 00167-2021.
Cohen A, Mathiasen VD, Schon T, et al. The global preva-
lence of latent tuberculosis: a systematic review and meta-
analysis. Eur Respir J, 2019, 54(3): 1900655, doi:10. 1183/
13993003, 00655-2019.

Carranza C, Pedraza-Sanchez S, de Ovyarzabal-Mendez E. et
al. Diagnosis for Latent Tuberculosis Infection; New Alterna-
tives. Front Immunol, 2020, 11; 2006. doi:10. 3389/ fimmu.
2020, 02006,

B RS EIR 2. BB BATE v T3 E B
KRR 5 T8 (2021 4R ). of S 48 B O 2 2
2022, 45 (2); 143-150. doi: 10. 3760/cma. j. enll12147-
20211110-00794,

o [ BB Bh = S A ) 2 b 2 o E B B h s bR LT
Warss, PE B 2 ZFEGSEZR B G T SRl G5
ST AROAT R AR B T R, A E BB 24k, 2025,
47(7): 813-829. doi;10. 19982/j. issn. 1000-6621. 20250231,
Blauenfeldt T, Villar-Hernandez R, Garcia-Garcia E, et al.
Diagnostic Accuracy of Interferon Gamma-Induced Protein 10
mRNA Release Assay for Tuberculosis. ] Clin Microbiol,
2020, 58(10): e00848-20. doi:10. 1128/JCM. 00848-20.

Ren W, Ma Z. i Q,
profiles as biomarkers for detecting Mycobacterium tuberculosis
infection. Front Immunol, 2024, 15. 1359555. doi:10. 3389/
fimmu. 2024, 1359555.

Zhao HM, Du R. Li CL., et al. Differential T cell responses
against DosR-associated antigen Rv2028c in BCG-vaccinated
populations with tuberculosis infection. ] Infect. 2019,
78(4): 275-280. doi:10. 1016/j. jinf. 2018. 10. 016.

Alvarez AH. Revisiting tuberculosis screening: An insight to

et al. Antigen-specific chemokine

complementary diagnosis and prospective molecular approaches
for the recognition of the dormant TB infection in human and
cattle hosts. Microbiol Res, 2021, 252: 126853. doi: 10, 1016/
]. micres. 2021, 126853.

et al. Relevance of

QuantiFERON-TDB Gold Plus and Heparin-Binding Hemagglu-

[36]]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

tinin Interferon-y Release Assays for Monitoring of Pulmonary
Tuberculosis Clearance; A Multicentered Study. Front Immunol,
2020, 11; 616450. doi;:10. 3389/fimmu. 2020. 616450.

Kim JY, Kang YA, Park JH, et al. An IFN-y and TNF-«
dual release fluorospot assay for diagnosing active tuberculosis.
Clin Microbiol Infect, 2020, 26(7): 928-934. doi.10. 1016/].
cmi, 2019, 11. 003,

Nemes E, Abrahams D, Scriba T], et al. Diagnostic Accuracy
of Early Secretory Antigenic Target-6-Free Interferon-gamma
Release Assay Compared to QuantiFERON-TB Gold In-tube.
Clin Infect Dis, 2019, 69 (10). 1724-1730. doi: 10. 1093/
cid/ ciz034.

Xu M, Lu W, Li T, et al. Sensitivity, Specificity, and Safety
of a Novel ESAT6-CFP10 Skin Test for Tuberculosis Infection
in China: 2 Randomized, Self-Controlled, Parallel-Group
Phase 2b Trials. Clin Infect Dis, 2022, 74(4): 668-677. doi:
10. 1093/ cid/ciab472,

Ding X, Du W, Liu Q, et al. Accuracy of ESAT6-CFP10 skin
test compared with tuberculin skin test in a healthy popula-
tion: a randomized, blind. parallel controlled phase []] clinical
study. BMC Infect Dis, 2024, 24(1). 1479. doi: 10. 1186/
s12879-024-10302-6.

Xia L. Xu M, Li F. et al. High accuracy of recombinant
fusion protein early secretory antigenic target protein 6-culture
filtrate protein 10 skin test for the detection of tuberculosis
infection: a phase []l » multi - centered, double-blind, hospital-
based, randomized controlled trial. Int ] Infect Dis. 2023,
World Health Organization. Rapid communication: TB antigen-
based skin tests for the diagnosis of TB infection. Geneva:
World Health Organization, 2022.

World Health Organization. WHO consolidated guidelines on
tuberculosis. Module 3: diagnosis. Tests for TB infection,
Geneva; World Health Organization., 2022,

Yao S, Huang D, Chen CY, et al. CD4 " T cells contain early
extrapulmonary tuberculosis (TB) dissemination and rapid TB
progression and sustain multieffector functions of CD8" T and
CD3-lymphocytes: mechanisms of CD4" T cell immunity. ]
Immunol, 2014, 192(5). 2120-2132. doi;10. 4049 /jimmunol.
1301373.

(Hh E By BF 2 35 VA8 22 i1 2 o [ BT R 18 B B 28 i e o 22
BEAEIE IR o B L b A R k2 AR, S5 A% A A
Ji i 9 EEL 00 ST B A 00 Rt R FH & AL, [ B 2 AR
2020, 42 (10): 1009-1016. doi: 10. 3969/j. 1ssn. 1000-6621.
2020, 10, 001.

H N R S S B\ BB O £ SR T/ 2%
Y RS R NN A=W AR A TSR PN Ty N | M T S
=, (P EPEF S D2 2. b E B PR AR [ P A i
LS BT IR 12 SR R e AR 2= 3. TG sl PESS B m S &
FE D RER S VAR MR IR ST B 2 3R (2021 4R, A [ By B
22, 2022, 44(1).: 9-27. doi:10. 19982/]. issn. 1000-6621.
20210680,

An HR. Bai XJ. Liang JQ. et al. The relationship between
absolute counts of lymphocyte subsets and clinical features in
patients with pulmonary tuberculosis. Clin Respir J, 2022,
16(5): 369-379. doi:10, 1111/crj. 13490,

MiJ. Liu Y. Xue Y. et al. The changes and its significance of
peripheral blood NK cells in patients with tuberculous meningitis.
Front Microbiol, 2024, 15: 1344162. doi: 10. 3389/fmich.
2024. 1344162.

Ahmed MIM, Ntinginya NE, Kibiki G, et al
Changes on Mycobacterium Tuberculosis-Specific CD4 T Cells as

Phenotypic

Surrogate Markers for Tuberculosis Treatment Efficacy. Front
Immunol, 2018, 9. 2247. doi:10, 3389 /fimmu. 2018, 02247,
Acharya MP, Pradeep SP, Murthy VS, et al. CD38" CD27



T E BB AR AR 2026 4 1 A5 48 4550 1 1]

Chin ] Antituberc,]January 2026, Vol. 48,No. 1

- -]9 .

1
|
=

|

[52]

53]

|54

1
T
@ ¢]
L§

[59]

[60]

TNF-a on Mtb-specific CD4" T Cells Is a Robust Biomarker
for Tuberculosis Diagnosis. Clin Infect Dis, 2021, 73 (5),
793-801. doi: 10, 1093/cid/ciabl44.

Luo Y, Xue Y, Mao L,
Mycobacterium tuberculosis-Specific CD4" T Cells Promoting

et al. Activation Phenotype of

the Discrimination Between Active Tuberculosis and Latent
Tuberculosis Infection. Front Immunol, 2021, 12. 721013.
doi:10. 3389 /fimmu. 2021. 721013.

Rakshit S, Adiga V, Ahmed A, et al. Ewidence for the hetero-
logous benefits of prior BCG vaccination on COVISHIELD™
vaccine-induced immune responses in SARS-CoV-2 seronega-
tive young Indian adults. Front Immunol, 2022, 13, 985938.
doi: 10. 3389 /fimmu. 2022. 985938.

Morgan J, Muskat K, Tippalagama R, et al. Classical CD4 T
cells as the cornerstone of antimycobacterial immunity. Immunol
Rev, 2021, 301(1): 10-29, doi1:10. 1111/imr. 12963.

Balfour A, Schutz C, Goliath R, et al. Functional and Activa-
tion Profiles of Mucosal-Associated Invariant T Cells in
Patients With Tuberculosis and HIV in a High Endemic
Setting. Front Immunol, 2021, 12. 648216. doi: 10. 3389/
fimmu. 2021. 648216.

Sun M, Phan JM, Kieswetter NS, et al. Specific CD4" T cell
phenotypes associate with bacterial control in people who
“resist’ infection with Mycobacterium tuberculosis. Nat Immunol,
2024, 25(8): 1411-1421. doi:10. 1038/s41590-024-01897-8.
Agrawal S, Parkash O, Palaniappan AN, et al. Efficacy of T
Regulatory Cells, Thl7 Cells and the Associated Markers in
Monitoring Tuberculosis Treatment Response. Front Immunol,
2018, 9. 157. doi:10. 3389/ fimmu. 2018. 00157,
Mohammadnabi N, Shamseddin J, Emadi M, et al. Mycobacte-
rium tuberculosits: The Mechanism of Pathogenicity, Immune
Responses, and Diagnostic Challenges. ] Clin Lab Anal,
2024, 38(23): 25122, doi:10. 1002/jcla. 25122,

Wang Y, Sun Q. Zhang Y. et al. Systemic immune dysregula-
tion in severe tuberculosis patients revealed by a single-cell
transcriptome atlas. ] Infect, 2023, 86 (5). 421-438. doi:
10, 1016 /5. jinf. 2023, 03. 020.

Nziza N. Cizmeci D, Davies L. et al. Delining Discriminatory
Antibody Fingerprints in Active and Latent Tuberculosis.
2022, 13: 856906. doi: 10. 3389/fimmu.

Front Immunol.
2022. 856906,
s, SRR, B, 2 (WHO 2025 45 4% 5k 3% 4 45 i A
He 3.2 W58 4 M) . [E BRI A% 5. 2025, 45 (8):
661-669. doi:10. 3760/cma. j. cn131368-20250429-00240.

CH [ Bl 2l Vg R 2 B 2. I Bt % T AR A T o 3R [ s
PRI T 2 3608, HE B BE 4%k, 2018, 40(1); 9-13. doi:
10. 3969/j. issn. 1000-6621. 2018, 01. 004,

(617 FhH5. SERHURIA TR H R R I RIS W RS, 5%

162]

(63 ]

164]

(65 ]

Ky a5, 2025, 3(18): 256-258.

A N BB A B B e 55 /\ B S R D 5 A B il s A I B
P VB2 D1 2x s H L R T R f I s A2 IR 2 2 45 A 0 B
B R ANm R, R E R Z w2 r € KA
drE B EE L, 2025, 47(3): 243-257. doi: 10. 19982/]. issn.
1000-6621. 20250025,

By R, B 5. (IR NESEO2 W e ) AR i fig . v [l 5 5%
e, 2025, 47(3): 258-261. doi:10. 19982/3. issn. 1000-6621.
20240572.

World Health Organization. WHO consolidated guidelines on
tuberculosis: Module 3. diagnosis-rapid diagnostics for tuber-
culosis detection. Geneva: World Health Organization, 2025.
Zhang 1., Ma H, Wan S, et al. Mycobacterium tuberculosis
latency-associated antigen Rv1733¢ SLP improves the accuracy
of differential diagnosis of active tuberculosis and latent tuber-
culosis infection. Chin Med ] (Engl), 2022, 135(1): 63-69.
doi: 10. 1097 /CM9. 0000000000001858.

[66]

[67]

[68]

[69]

[72]

(73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

Ramalingam G, Jayaraman S. Khan JM, et al. Exploring
recombinant secretory proteins from Mycobacterium tuberculosis
to develop a serological platform for tuberculosis diagnosis. Int
] Biol Macromol, 2023, 249, 126769. doi; 10. 1016/j. ijbio-
mac, 2023. 126769,

Moreira M, Ruggiero A, Esposito L, et al. Structural features
of HtpGuyyg, and HtpG-ESAT6p\y, vaccine antigens against
tuberculosis: Molecular determinants of antigenic synergy and
cytotoxicity modulation. Int ] Biol Macromol, 2020, 158,
305-317. doi1:10. 1016/j. ijbiomac. 2020, 04. 252.

[i]J., Wang Y. Yan L. et al. Novel serological biomarker panel
using protein microarray can distinguish active TB from latent
TB infection. Microbes Infect, 2022, 24 (8). 105002. doi:
10. 1016/j. micinf. 2022. 105002.

Grace PS, Dolatshahi1 S, Lu LL, et al. Antibody Subclass and
Glycosylation Shift Following Effective TB Treatment. Front
Immunol, 2021, 12. 679973. doi: 10. 3389/fimmu. 2021.
679973.

Lu LL, Chung AW, Rosebrock TR, et al. A Functional Role
for Antibodies in Tuberculosis, Cell, 2016, 167(2) . 433-443.
eld. doi;10. 1016/]. cell. 2016. 08, 072.

Lu LL. Smith MT, Yu KKQ, IFEN-y-independent
immune markers of Mycobacterium tuberculosis exposure. Nat
Med, 2019, 25 (6). 977-987. doi: 10. 1038/s41591-019-
0441-3.

Coppola M, Ottenhoff TH. Genome wide approaches discover

et al,

novel Mycobacterium tuberculosis antigens as correlates of infec-
tion. disease, immunity and targets for vaccination. Semin
Immunol, 2018, 39: 88-101. doi: 10. 1016/). smim. 2018.
07. 001,

Melkie ST, Arias L, Farroni C, et al. The role of antibodies
in tuberculosis diagnosis, prophylaxis and therapy: a review
from the ESGMYC study group. Eur Respir Rev, 2022,
31(163). 210218. doi:10. 1183/16000617. 0218-2021.

Kassa D, Quinten E,
Expression Kinetics During Treatment of Tuberculosis in HIV-
Coinfected Individuals Is Independent of Highly Active
Antiretroviral Therapy. ] Infect Dis, 2018, 218(11). 1833-
1846. doi:10. 1093/infdis/jiy404.

Singhania A, Verma R, Graham CM, et al. A modular tran-

Gebremicael G, et al. Host Gene

scriptional signature identifies phenotypic heterogeneity of
human tuberculosis infection. Nat Commun. 2018, 9 (1);
2308. doi;10.1038/s41467-018-04579-w.

Muwanga VM. Mendelsohn SC, Leukes V, et al. Blood tran-
scriptomic signatures for symptomatic tuberculosis in an Afri-
can multicohort study. Eur Respir J. 2024, 64(2).:2400153.
doi:10. 1183/13993003. 00153-2024.

Alsulaimany FA, Zabermawi NMOQO. Almukadi H. et al.
Transcriptome-Based Molecular Networks Uncovered Inter-
play Between Druggable Genes of CD8™ T Cells and Changes
in Immune Cell Landscape in Patients With Pulmonary Tuber-
culosis. Front Med (Lausanne)., 2021, 8. 812857,
10. 3389/fmed. 2021. 812857,
Warsinske H, Vashisht R, Khatri P.
gene signatures for tuberculosis diagnosis: A systematic com-
parison of 16 signatures. PLoS Med, 2019, 16(4). el1002786.
doi:10. 1371 /journal. pmed. 1002786.

Roe JK. Thomas N. Gil E, et al. Blood transcriptomic diagnosis

dl:}i:

Host-response-based

of pulmonary and extrapulmonary tuberculosis. JCI insight.
2016, 1(16) . e87238. doi:10. 1172/jc1. insight. 87238,

Zhang X, Zhu M, Hu X. Integrated miRNA and mRNA
expression profiling to identify mRNA targets of dysregulated
miRNAs in pulmonary tuberculosis. Epigenomics, 2018,
10(8): 1051-1069. doi:10. 2217 /ep1-2018-0028.

Huang Z, Luo Q, Xiong C, et al. Identification of serum



» 20 -

[82]

|83

[84]

H E B EEA A 2026 4F 1 HSE 48 #4255 1 ] Chin ] Antituberc, January 2026, Vol. 48, No. 1

tRNA-derived small RNAs biosignature for diagnosis of tuber-
culosis, Emerg Microbes Infect, 2025, 14(1).: 2459132, doi;
10, 1080/22221751. 2025. 2459132.

Pattnaik B, Patnaik N, Mittal S, et al. Micro RNAs as poten-
tial biomarkers in tuberculosis; A systematic review. Nonco-
ding RNA Res, 2022, 7(1): 16-26. doi: 10. 1016/j. ncrna,
2021. 12. 005.

Chang A, Loy CJ], Eweis-LaBolle D, et al. Circulating cell-
free RNA in blood as a host response biomarker for detection
of tuberculosis. Nat Commun, 2024, 15 (1): 4949. doi:
10. 1038/541467-024-49245-6.

Kim CH, Choi G, Lee J. Host Blood Transcriptional Signa-
tures as Candidate Biomarkers for Predicting Progression to
Active Tuberculosis. Tuberc Respir Dis ( Seoul ). 2023,
86(2): 94-101. doi:10. 4046/trd. 2022. 0152,

(85 ] Shao M, Wu F, Zhang J, et al. Screening of potential biomar-

186 ]

[87]

188

(91 ]

kers for distinguishing between latent and active tuberculosis
in children using bioinformatics analysis. Medicine ( Balti-
more) , 2021, 100(5). €23207. doi: 10, 1097/MD. 00000000-
00023207,

Porcel JM. Advances in the diagnosis of tuberculous pleuritis.
Ann Transl Med, 2016, 4(15). 282. doi: 10. 21037/atm.
2016. 07. 23.

Garcia-Zamalloa A, Vicente D, Arnay R, et al. Diagnostic
accuracy of adenosine deaminase for pleural tuberculosis in a
low prevalence setting: A machine learning approach within a
7-year prospective multi-center study. PLoS One, 2021,
16(11): e0259203. doi:10. 1371 /journal. pone, 0259203.
oDV FhER . B0, SF. BN R 27 TESS R I i R
s PN R BRI ) 2 W A B e (E. [ B R IR AR AR, 2020,
40(8); 597-603. doi: 10, 3760/cma. j. enl31368-20191202-
01700,

Suzukawa M, Takeda K, Akashi S, et al. Evaluation of cyto-
kine levels using QuantiFERON-TDB Gold Plus in patients with
active tuberculosis. J Infect, 2020, 80 (5). 547-553. doi:
10. 1016/j. jinf. 2020. 02. 007.

| Vivekanandan MM, Adankwah E., Aniagyei W, et al. Plasma

cytokine levels characterize disease pathogenesis and treatment

response in tuberculosis patients. Infection, 2023. 51 (1)
169-179. doi:10. 1007 /s15010-022-01870-3.

Suarez I, Rohr S, Stecher M, et al. Plasma interferon-y-

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

inducible protein 10 (IP-10) levels correlate with disease severity
and paradoxical reactions in extrapulmonary tuberculosis.
Infection, 2021, 49(3): 437-445. doi; 10. 1007 /s15010-020-
01541-1.

Adankwah E, Nausch N, Minadzi D, et al. Interleukin-6 and
Mycobacterium tuberculosis dormancy antigens improve diagnosis
of tuberculosis. ] Infect, 2021, 82(2). 245-252. doi1:10. 1016/
i« jint. 2029, 11.032;

Sudbury EL. Clifford V, Messina NL, et al. Mycobacterium
tuberculosis-specific cytokine biomarkers to differentiate active
TB and LTBI: A systematic review. ] Infect, 2020, 81(6).
873-881. doi:10. 1016/j. jinf. 2020, 09. 032.

Isa F, Collins S, LLee MH. et al. Mass Spectrometric Identifi-
cation of Urinary Biomarkers of Pulmonary Tuberculosis.
EBioMedicine, 2018, 31: 157-165. doi: 10. 1016/;. ebiom.
2018. 04. 014.

Pope CA 3rd, Bhatnagar A. McCracken JP. et al. Exposure
to Fine Particulate Air Pollution Is Associated With Endothelial
Injury and Systemic Inflammation. Circ Res, 2016, 119(11).
1204-1214. doi:10. 1161/CIRCRESAHA. 116. 309279.

Chen Y, Wang J. Zhang Q. et al. Microcystin-leucine arginine
exhibits immunomodulatory roles in testicular cells resulting in
orchitis. Environ Pollut, 2017, 229. 964-975. doi:10. 1016/j.
envpol. 2017. 07. 081,

Yang T, .1 Y, Lyu Z, et al. Characteristics of Proinflammatory
Cytokines and Chemokines in Airways of Asthmatics: Rela-
tionships with Disease Severity and Infiltration of Inflammatory
Cells, Chin Med J (Engl), 2017, 130(17); 2033-2040, doi;:
10. 4103/0366-6999. 213428,

Clhifford V, Tebruegge M, Zufferey C, et al. Mycobacteria-
specific cytokine responses as correlates of treatment response
in active and latent tuberculosis. ] Infect., 2017, 75(2).
132-145. doi:10. 1016/j. jinf. 2017. 04. 011.

Won EJ. Chot JH, Cho YN. et al. Biomarkers for discrimina-
tion between latent tuberculosis infection and active tuberculosis
disease. ] Infect, 2017, 74(3); 281-293. doi;10. 1016/]. jinf.
2016: I1.010.

(s fa H 8. 2025-11-03)
(A S« 230



