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Abstract

Objective: To investigate the value of IFN-y release assays (IGRAs) combined with platelet (PLT) and
high-sensitivity C-reactive protein (hsCRP) in peripheral blood for the identification of active pul-
monary tuberculosis (APTB) and inactive pulmonary tuberculosis (IPTB). Methods: A total of 294
clinical cases of pulmonary tuberculosis (207 patients with APTB and 87 patients with IPTB) were
retrospectively collected from January 2022 to February 2024 in The Affiliated Hospital of Hang-
zhou Normal University, and another 107 healthy medical checkups of the population in our hospi-
tal during the same period were collected as controls, and clinical information of the subjects in
each group, IGRAs, and peripheral blood of PLT, erythrocyte sedimentation rate (ESR), neutrophils
(NEU) were compared, lymphocytes (LY), hsCRP, monocytes (MO), and neutrophil-to-lymphocyte
ratio (NLR) laboratory results, and to analyze the discriminatory performance of each index alone
or in combination for APTB and IPTB. Results: There was no significant difference in the level of
IGRAs in patients in the APTB group compared with the IPTB group; PLT count, ESR, NEU, MO, hsCRP,
and NLR in patients in the APTB group were higher than those in the IPTB group; and LY count was
lower than those in the IPTB group, and the difference was statistically significant (P < 0.05). The
IGRASs in combination with the level of hsCRP and PLT was useful in distinguishing APTB and IPTB
with an AUC value of 0.905, sensitivity of 81.2% and specificity of 85.2%. Conclusion: Differences in
PLT and some inflammatory markers exist between APTB and IPTB patients, and IGRAs + hsCRP +
PLT detection are valuable for differential diagnosis of APTB and IPTB.
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1. 518

SERGI A2 H 45 4% 20 B AT I (Mycobacterium tuberculosis, Mtb) 52 444 51 2 i) — b ™ 5 (1) 25 SAL 38500
e —EH NP H) F AL Yo 2 —[1]. 95 2023 F-H 5 DA ZURkGE , 2022 -4 BR0E K 451200 38 v 1060
Jis MMTR 10 G AFECE 133 BiEiRmE, Hoh2) 74.8 JRH R EERA TRIE, HAaRREHKE
W B 7.1% [2]. HEOW T 4500 B2 W 3 BAR S RF IR RAEIR . 2B 2. Mtb 4B 35 7%, Khx
AP G R I A 2 T2 W S5 51, AR 758 A B [3]. - TR RIS (Interferon-gamma re-
lease assays, IGRAS) & i@ k&l Mtb 45 5Pt FURIBL T ok 40 BB p T4 2R AT /2 S A7AE Mtb 869
M RBERIEAR . IGRAS 58 BHPERE WS A 2 W e B AFEAE Mtb J& Gy, I H B A B0 UM ARR = 1
[4]. {H HATH) IGRAS {UIK T 47 T MTB HE R 41 2 7 X3 1 A7 2 P9 L DR 4 (1) /D B i, B 109 433l 1)
PURA bR 6 FIEEFRIEREE A 10 [5], X — RAELZIR IS R LA M BUER 2 51 & [6], DA ikG soptuks il
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Y TARE IEA L PAIX 2042 15 M3 3 P il 45 4% 9% (Active pulmonary tuberculosis, APTB) [7]. A #F5t &8, I
/B (Platelet, PLT)f13 &y o] 1 9 %550 APTB Fl3EE 2 Vit 45 4299 (Inactive pulmonary tuberculosis, IPTB)H
HERIR[8]. Mk, WREEZHE(Lymphocyte, LY). H R 41l (Neutrophil, NEU). A HR7 24 i 55 ik B 40 i
EL A& (Neutrophil-to-lymphocyte ratio, NLR). C 3 & [ (C-reactive protein, CRP)X} APTB th % & 112 W
RUBE[9] [10]. [RIBL, ASHETE B EHRTT IGRAS Bk A PLT T 43 4 iEFE AR % APTB A1 IPTB (4512 i
VIXIERS

2. #IRE I
2.1. fAEHR

IEHL 2022 4 1 H~2024 4F 2 H BATARC A T K27 B J B2 B Soia 1) 294 44 it 45 4% 58 35 A R e vt
Ko AR M4 2T FE (WS288-2017) [LL] AN 4575 73 5 bn #E(WS196-2017) [12)4 3 78 APTB Al
IPTB 4H. APTB A EEMAIrHE: (1) BAHENIEARERZm ., KA 5 BINSE; (2) i E2=E
HHLURE AR AN, BHERR T AR ARG AZ I . IPTB B FH WAARHEN: (1) TiGshtkgi%
FHRIEPRIEIR s (2) QB A B 45 SO YINE: (3) IR RAAR A & HA T A — AN s AN Rr sl 854kt
LRI, BRI, 1A T N R 3G TS, R R ARSI, JRHERR T AR PR = o R 5
B4k, APTB Fl IPTB 4L H HiBRbrfE: (1) A2 18 % (2) ARG RGUHAL; FK I
ARG FEARTEERLOHE . BEIESE D RekEnG . SR RTEET Rk B U . PUBIRIT: JER
TEENEI RGN . AR S WA 2 AR U BT B il 45 4% 835 40 9 APTB 41(207 5) A1 IPTB 4H(87 ),
SCHR R AR B A A i 8 A\ TFE(L07 B AE AT BRZH . ARF SR I 1 e H T K 27 B S8 I B 42 B 2% S i
HEHES: 2024(E2)-KS-069.
2.2. Fik
2.2.1. IGRASs ¥ X 45 SR ¥ Bf

T R Ml 4 A% o 1 /b A #R ik EDTA Brit 41 5 ml, - 2 /NS 2 510K i b A< B -0
BRI AR MR IR RSP IR 7R o, JRERR RGBT C) 7R 22 £2 /M. TR R A MAES
MR B0 10 435, 35 B, SRAMLE R 61 (Caris200, HE, JZYLEG)EATAM . HAAER/E R4S R
ST PR i B Mt R S 1 A0 B S S R A AR S (i 5 2 ) 5 5 T A kAT
2.2.2. SpEAMAAME NLR HHE

B4 H 3h Ign e s #r i (BC-7500, wF[E, WEEGEIT)EHEIHEUSE PLT. NEU. #8 C xMNEHA
(hsCRP). LY. ¥%40f(Monocytes, MO)¥fE, Jfit% NLR.

2.3. GitFEabE

K H SPSS 29.0 I GraphPad Prism 9.5 #4744 70 4. MR IES AR HITHERER FHIYE + 45
HEZE(x £ 8) N, ALIAIEOE L B REA t A58 AR IEZS /00 TH 2 SRR b A7 2505 1Y 40 hr i Rl iE M
(P25, P75)% 7, ZHIAIEHE LR FHARSHUG L . it 24 ROC #iZkit5 AUC 18, 70#T IGRAs. #IEFEFR
Je PLT AL it 5 4% 05 (112181 & APTB 5 IPTB FIBUR FE 5488 514 73BT . LA P < 0.05 N2 F A Fiit 55 s

3. R
3.1. =B E—RIE RS
KR, SR IER . PER . Mt Hlsh 5B R i sA% S i 25 4 B 0L % 1,
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Table 1. Comparison of baseline information among the three groups
1. SRS EELERTEL

MR ARGV S5 % (n = 87) BN TERZE (n = 207) fe FEXS H (n = 107)
RN, xt5) 42.24 +17.39 50.77 £ 20.38 34.95 + 20.67
PEA(HI%) 52/35 147/60 53/54
AR S OR
+, 1 (%) 10 (11.5) 20 (9.7) NA
++,n (%) 7(8.0) 20 (9.7) NA
+++, n (%) 18 (8.7) 35 (16.9) NA
+H++, 1 (%) 32 (36.8) 64 (30.9) NA
- n (%) 20 (23.0) 68 (32.9) NA
Gl B 77 NA
+, 1 (%) 25 (28.7) 84 (40.6) NA
- n (%) 62 (71.3) 123 (59.4) NA
Xpert MTB NA
+, 1 (%) 45 (51.7) 129 (62.3) NA
- n (%) 42 (48.3) 78 (37.7) NA
i FS B A4 2 A A
+,1 (%) 87 (100.0) 207 (100.0) 0(0.0)
- n (%) 0(0.0) 0(0.0) 107 (100.0)

X NAAAEH.

3.2. FAGZEE IGRAs R & IM/MMRFIER S K AEFEFRROEL 3

b IGRAS 7E APTB il IPTB P4l 38 I/KF, 25 R IGRAs fTEH A (/KPR Z R, H
LGRS, WK 2. PLT ENHEZEE PRI PAEES I 2£R, APTB 4 PLT /KPS T
IPTB ZH(P <0.05, # 2), MifdFExt 4 PLT /K-FiAiK. [EFER), hsCRP 7E APTB ZHi/K-F-# &5 T IPTB
H(P<0.001, % 2), MfEMEFRMRAFHEMK. AL, HRINEMIEPR, WL 40T % (Erythrocyte sed-
imentation rate, ESR). NEU. MO. NLR, APTB 4¥J% IPTB 47, LY {HE IPTB 4141k, ERH S
R (P <0.05, % 2).

3.3. BRMHAME R/ MR S B E £ RS ERIE RE DA

It SPSS29.0 A4 43 A1 45 B Ik G P AS WU HE K AT L /AR X 45 4% 58 3 % 2 Wi ) ROC 2k . 45 3R 1,
hsCRP f1J AUC {7 0.904, =T NLR (AUC =0.800). LY (AUC =0.753). ESR (AUC =0.723). MO
(AUC = 0.699). NEU (0.674). PLT (AUC = 0.662)#1 IGRAs (AUC = 0.560). Z:&70#71, hsCRP (BURE A
89.9%, FF5FEN 75.9%)F1 NLR (BUKFE N 69.6%, Ffm1th N 83.3%)% APTB B AR E, HAR
FFabrxt APTB B EUFiZWIME. (W 1, % 3).
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Table 2. Comparison of peripheral blood cell count results in each group
2. BEFHEINE MM HEEREER

MEFabr  AEESHMEMEE A (n = 87)  TESh PSS % (n = 207) {4 (n = 107) thy2 P14
IGRAs (pg/ml)  276.55 (102.25, 555.91)  176.90 (73.74, 532.26) NA 492400  0.178
PLT (1079/L) 23250 (192.25,260.25) 271.00 (214.00, 326.00)  228.00 (189.00, 269.00)  7402.00  <0.05
NEU (1079/L) 3.31 (2.65, 4.65) 4.43 (3.23,5.87) 3.47 (2.38, 4.39) 752950  <0.05
hsCRP (mg/L) 1.23 (0.50, 3.70) 25.36 (6.49, 67.73) 0.50 (0.50, 1.74) 1010850  <0.001
MO (10"9/L) 0.37 (0.24, 0.45) 0.46 (0.34, 0.63) 0.44 (0.36, 0.52) 781200  <0.05

LY (1079/L) 1.48 (1.14, 1.81) 1.01 (0.69, 1.36) 2.75 (2.13, 6.05) 8418.00  <0.001
ESR (mm/h) 27 (15, 44) 45 (18.75, 71.25) NA 507550  <0.05
NLR 2.17 (1.69, 2.94) 4.37 (2.63, 6.60) 1.53 (1.06, 2.33) 8940.00  <0.001

#: IGRAs N y T EBHUAL, PLT AIL/MR, NEU AR, hsCRP AR C RN EH, MO HHAZ40H,
LY ki, ESR AZLAMMTRE3R . NLR vy fgnin Sk g tb{d, P fEHv APTB 45 IPTB A LEb#, NA
RAREH .

Table 3. Comparison of AUC values for single indicator tests
F* 3. BIIEAREN AUC {EELE

fabr AUC & UK FE (%) e 51 (%) 95%Cl R T {E LW HER
IGRAS 0.560 275 68.5 0.478, 0.642 0.090 —0.04
PLT 0.662 54.1 79.6 0.590, 0.735 0.337 0.337
NEU 0.674 40.1 87.0 0.598, 0.749 0.271 0.271
hsCRP 0.904 89.9 75.9 0.863, 0.946 0.639 0.658
MO 0.699 435 87.0 0.626, 0.772 0.305 0.305
LY 0.753 52.2 88.9 0.689, 0.772 0.411 0.411
ESR 0.723 64.4 76.9 0.645, 0.801 0.414 0.413
NLR 0.800 69.6 83.3 0.741, 0.858 0.529 0.529

7: IGRAs N y T ZEBAGALE, PLT Al MR, NEU R RN, hsCRP ABHE C RN E A, MO NHAZ4NH,
LY Joiktgnf, ESR AZLANAITMEZE. NLR A R4 -5 ik L s LE AR

100 100
— hsCRP
80 80
—PLT
Z 60 g‘ 60 —NEU
2 B — IGRAs 2 “ MO
a A —LY
204 20 — NLR
e —ESR
0 T T T T 01 T T T T
0 20 40 60 80 100 0 20 40 60 80 100

100-Specificity 100-Specificity

Figure 1. ROC curve of peripheral blood inflammatory indicators and platelets predicting active pulmonary tuberculosis

B 1. ShE MR AEHE AR A M MRFUME RN 14 Fh 454 HY ROC %k
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3.4. IGRAs Bt& hsCRP #1 PLT %} APTB BUiSEHME 547

IEHAIEFR bR AUC i K hsCRP R 545 g St M IREAHCH) PLT, £ IGRAs 3yl Bk&
hsCRP. PLT #] ROC Hli£k L& IGRAs [ Bt hsCRP Al PLT Hii2k, Ff5%F Eb il s Il 45 4% 11042 W 2L e .
Wi 2 Fros, IGRAs 55 hsCRP AT EX G () AUC {4 0.898, HYUKFEN 84.5%, Frsthy 77.8%; IGRAs
5 PLT #HTHAAHI AUC {54 0.662, #BURE A 53.1%, 455514 81.5%; IGRAs [ B4 hsCRP & PLT
() AUC 155 0.905, UK A 81.2%, HE51EN 85.2%, EWIBEA LW B St 2 X (8 P < 0.05). Bk
HEWERTLL IGRAs BEAMERR W, BAEIZWE BA 2B E, H IGRAs [HB B4 hsCRP Al PLT Al
iz E T m. (WL 2, % 4)

100

80
_ — IGRAs + hsCRP + PLT
S 60 — IGRAs +PLT
2 L0 ” — IGRAs + hsCRP
wn

20

04— T T T

0 20 40 60 80 100
100-Specificity

Figure 2. IGRAS combined with hsCRP and PLT to predict the ROC
curve of active pulmonary tuberculosis
& 2. IGRAS B£& hsCRP K& PLT FURIEShMEAGLE4% ) ROC BhZk

Table 4. Joint detection of area under AUC curve comparison
4. BRAKM AUC EEEER

fabr AUC 14 BURE(%)  RERE(%) 95%ClI RAEEBE Wi
IGRAS + hsCRP 0.898 84.5 77.8 0.855, 0.940 0.623 0.623
IGRASs + PLT 0.662 53.1 81.5 0.589, 0.735 0.346 0.346
IGRAS + hsCRP + PLT 0.905 81.2 85.2 0.864, 0.946 0.663 0.664

4. ¥1ig

it G5 %0 2 F Mith SRS IR — P8 AL Gy . A IRAFR H, 46K 240 Mtb BRI AL T8 PR g
RE, IEH 5%~10%H 35 AT REAE— A i R AR 45 %00, R 15 A 2 R DL B NEE Mtb J R GL 3 20.3%,
I H 2 I B A AR 38 i T = A [13]. X TR R RAFE Mtb /Y, IGRAS Al HA 55w (1 E =t
£(91%~100%) A1 U (82%~97%) [14], HAZ B3 S fZofRES SR ARG OLF2 0, 17 Xpert MTB 2
T AR R A, EPE R BRI TE R S AEAE Mtb SR, TEIVE X YL S e R K R A Bl I it
SERLT, RO T IR IS AR X ARG RO, AERRVAYT AL, L A A I A

VBN EWE A0 H P (1 — Fh 3R B AR, Mtb AKFEFWENE FH HENTE R AU[15]. TEMRE AN S,
T A TE MV R VS R R R AR Z ) Mtb BRI eT R IENSMEYI R R 1 A R D 454, AN B e 40 i
FHEERIE, — BPER, Mtb £l 40 M BEE I5 T P07 WA I B A [16], AT 7E B R gn o 395 . JF BLfE
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HEd T, Mtb i ik — R A2 A4, TS K AR 2 RS[17]

AN LA ) hsCRP 388 5 1 Ay i B 2H 24515 72 FE AT e 9 RE AR B (0 UK Fa b, [ B b mT DAAE R 20 43453
PRSI TT 2 HIWT e bR . hsCRP R s 3ol 52 P T FoAth S MR WA 6 2 1 FUASSZ 08 ' 1 T B o o 3 F 4 78
PHIFIRI R0, fEIRAR B3 20 2 MR, Kl hsCRP AMYAE S W HJE 547 7E Mtb J& Y, [RIRHBEE T
PP A R 1 55 1) 7 E FEFE[18]-[20] o 1 NEU 7E 26 K s e b ke g 2 R B MIMEF, 0 Mtb S54% 4
PERRIEAR IR — [N [21] . ThAE [, NEU I8 i 7 bR B AR SR M JBURE 1) 3 i 25 b R a3k X Mt PR 20
TERR, FEIE NG A, NEU ST S LY @i, DUREESRZIRIE 98 S8,  FEIm it R 2ZE b i e
AT Mtb BB FI[22]. UK G Mtb FF HIIW 2 5E R SIS, NEU #1 hsCRP (<2 B & FFH[23]. AWF5T
Bl 2R, APTB 4L H) NEU A1 hsCRP 7K-F-4% IPTB & KA MR T, U W AN ML 7 4R bRt
il G5 B T Eh e R S 2 I B — e X, Horh hsCRP X APTB i3 %71 AUC 18 = T A 4MH i
fabr, EAEIMIZHRGEE, X 5™5[9] [10]45kiE —5L.

A 3CHRACA, NLR AT B8 Ml 25 120 (0 AL bR 64, 5 il G5 A% 0 7™ S R P RN 10U AL R [24] . T
Xof L iR R BRI AL I, NLR & —AN T 4B s B UK S 4, AME A B LR NLR 78
filidee R . 45 B Wi R0 R DA R A i e M R A i SR b, LANMEL 5 R AR A S AR R R 5 e A A7
FAIMIE[25]-[27]. FATEIE 4 R B R, APTB 4 NLR B =T IPTB 4, =7 AEFS =
S, BT NLR X% 50 85 A% 05 2 A B iz Wik g .

[FI, Mtb G5 51 R 28 R S R0 TR LAA IR P R D eI i 3, IR 05 R 83 JRi s it A P T
F5%[28] [29] 0 AH I SCHRIIE BA T 45 1% 5 AR VRSB % UIAH G, APTB AR 35 H IR & ik af A 22 i 20 ik A ZE 1)
MERIEH ST IEW A, HIE APTB B fI4E M 23 PLT MW 5, 5 IPTB &3 PLT iH4A &
EMEZER[30]. ARWFTCF . BATGESE T4 R B, APTB 411 PLT 1HEU IPTB A W BTt m, X5
TS N[3L] R e 4t R — 2K

FAk, RN LR IS B ) G R T RE AT AE AN R FE B RS2 43 [32], T 4f A B 4R 28475 41 i
(natural killer cells, NK)YV#£/K V-3 R 5 45 A2 B e 1)@ SRR B 3 A0S0, LR EES B E T, 4R
TR RE RO, Thl, CD8'T 1 NK 4R iz %y i, CD8'T AAA NK 4 52 3 = 20 fu 5
PRIRAS, WTRE S BRI B AR R T R [33]. BT 545 B B oR[34], APTB & HI4M & I CD3*.
CD4*, CD8'T. CD4*/CD8*T #E4ifRfkT IPTB 41, fEif s MR A APTB 41 LY SEIKT IPTB
H, HSRFAKEIE TR R —8, ERAERITEREL EAPRREAER. SEHE R %
BRI, TR P BRI

RECAETFRTWZHAmE, HEIEK RS APTB 5 IPTB MiZWi&triE, A7 E1E
ARIE BRI S e D RESE 7 1HT, 3 I 03 s M AN A I Bl 1 il 5 4% 28 i SR A I A 4, REREER
i HLfE 5 (X 7 B IR e Mitb S5 RS RE AN APTB, AR m 2 v AU, il PR T4t

R
ZE&UWH

WA B 2] A BT RIS 4 % Bh iR (2023K Y957,  2023KY183).
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