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pulmonary tuberculosis from community-acquired pneumonia based on routine blood
parameters. Methods A total of 642 patients with pulmonary tuberculosis and 503 patients with
community-acquired pneumonia were retrospectively enrolled from the Seventh Hospital of
Tangshan. They were randomly divided into a training set and an internal validation set at a 7:3 ratio.
Additionally, 218 patients from the 981st Hospital were independently included as an external
validation set. The Boruta algorithm and recursive feature elimination were employed to select
predictors from 82 blood parameters, sex, and age. A multivariate Logistic regression model was
established and evaluated using receiver operating characteristic (ROC) curves, calibration curves,
and decision curve analysis. Results The final model incorporated eight predictors, namely uric acid,
urea nitrogen, alkaline phosphatase, monoamine oxidase, alanine aminotransferase, glutathione,
neutrophil percentage, and age. The model achieved areas under the curve (AUCs) of 0.800 (95%CI:
0.769-0.830), 0.787 (95%CI: 0.738-0.836), and 0.736 (95%CI: 0.667-0.835) in the training, internal
validation, and external validation sets, respectively. The model demonstrated good calibration, and
decision curve analysis showed clinical net benefit within the threshold probability range of 10%-
80%. Conclusion The developed model exhibits good discriminative ability and clinical utility,
serving as an effective early screening tool for primary health care institutions.

Key words pulmonary tuberculosis; community-acquired pneumonia; blood parameters; diagnostic
model; external validation; multivariate Logistic regression model
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CAP LW N2 ] GRAL X SRSV 5 3 2297 Ha g (2018 ) ) HIEAT . I NARitEN:
@ 4Ei>18 % ; @ 54 Lk PTB 50 CAP 2 Widsik. HEERFRMEN: © (URHE X Zf F
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it i 5 BT IR ER & R E SR 100 %, BURRh 5 v L R A RFAE 58
%, HTRE:ZREK Logistic [BIH53#7.

AU Ry 5 VAl T e e AR R, SR 22 BH 3K Logistic [B1 VARG 2 % 5112 BT ISR
Il I )5 1732 18]35 AR M 7Rt 5 JE I (akaike information criterion, AIC) {E AR
R EAYIS G, HNZGEIARE. RABRIEREA AIC B/WEREAE. 1T
FERHT, WP B AR R AT 2 EILAAEIS W, 157 Z K B (variance inflation factor, VIF),
P VIF<10 Aybrife, #ORAD &) ANEAE P B AL 2k . BORMEREE S DL R J7 456 PPl J8id
ZRE TARRSME M 28 FIRIAY Carea under the receiver operating characteristic curve, AUC) 74
R Gy P s 2 2 PP A OO AE 26 5 S PR 2 1) — B s IR PR Uk SR 2k (decision curve
analysis, DCA) PPAGE L F I PRI 30 2 o
24R
2.1 BTN RAFAE

AT TSN L TH 2B LR B B 1145 91, Horh PTB 35 642 fil, CAP &35 503 4,
%7 03 LBIBENL D A IIZREE (n=802) 5N FBIRIELE (n=343) , MHFELRFEHE L 1.

PR TR, ENTERHET T, YIZRERANGIESE PTB 4L i Az R W AR T
X FRAGEAT 28 (CAP) 4 (P<0.001) ; YIIZRdErh PTB 4 B 1 Ll T CAP 4 (P=0.007) ,
ERAEEPZERALEE (P=0313) ; WHXHURESMZEREE (P<0.001) , JIZE
MIFRIELE PTB A KT A UL B2z P Lol 4 T CAP A WHBERIESE T, CAP IR T
By RIS LBl T PTB 4 (P=0.014) o FEIGIRRHES T, YIZREEHh PTB ARV B L
1 K P ALAE BRI K3 T CAP 41 (P<0.001) , T PRALAEIZSR & BRI AR AR J7 THT 22 57
GuitFE X (P>0.05) .

£ 1 JIGESHTBIEES PTB 5 CAP BERLIBM LB [1n (%), M (Pas, Prs)]
Tab.1 Comparison of baseline characteristics between PTB and CAP patients in the

training set and internal validation set [n (%), M (P25, P7s)]

Training set Internal validation set
Variable PTB CAP PTB CAP P
P value
n=446 n=356 n=196 n=147 value
Age 59 (49,69) 68(57,74) <0.001 59(50,68) 70(58,77) <0.001
Gender
0.007 0.313
Male 143
319 (71.52) 222 (62.36) (72.96) 99 (67.35)




Female
Marital status

Single
Married

Divorced/Wid
owed
Education level

Below high
school
High school
graduate
Post-
secondary
education
Registered
residence
Urban

Rural
Health insurance

type
Urban resident

Urban

employee

Self-pay
Length of
hospital stay
(days)
Sputum

Yes

No
Cough
Yes

No
Fever?

Yes

No

127 (28.48)

25 (5.61)

369 (82.74)

52 (11.65)

134 (30.04)

172 (38.57)

140 (31.39)

271 (60.76)
175 (39.24)

298 (66.82)

137 (30.72)

11 (2.46)

27 (18, 41)

364 (81.61)
82 (18.39)

267 (59.87)
179 (40.13)

364 (81.61)
82 (18.39)

134 (37.64)

8 (2.25)

301 (84.55)

47 (13.20)

117 (32.87)

221 (62.08)

18 (5.05)

225 (63.20)
131 (36.80)

231 (64.89)

121 (33.99)

4(1.12)

21 (8, 43)

283 (79.49)
73 (20.51)

214 (60.11)
142 (39.89)

283 (79.49)
73 (20.51)

0.053

<0.001

0.526

0.262

<0.001
0.506

0.976

0.506

53 (27.04)

6 (3.06)
176
(89.80)

14 (7.14)

57 (29.08)

76 (38.78)

63 (32.14)

132
(67.35)
64 (32.65)

131
(66.84)

60 (30.61)
5 (2.55)

25 (17, 36)

161
(82.14)
35 (17.86)

120
(61.22)
76 (38.78)

161
(82.14)
35 (17.86)

48 (32.65)

2 (1.36)

127 (86.39)

18 (12.25)

48 (32.65)

93 (63.27)

6 (4.08)

96 (65.31)
51 (34.69)

80 (54.42)

66 (44.90)

1 (0.68)

23 (8, 43)

112 (76.19)
35 (23.81)

89 (60.54)
58 (39.46)

112 (76.19)
35 (23.81)

0.184

<0.001

0.779

0.014

0.160
0.223

0.987

0.223




Initial treatment

status <0.001 0.145
Yes 189
423 (94.84) 355 (99.72) (96.43) 146 (99.32)
No 23 (5.16) 1(0.28) 7 (3.57) 1 (0.68)

a: Fever was defined as an axillary temperature>37.3 °C.
2.2 MBS HE R G 5 Ib K R r ik
HMAIIERT 84 Mk A& (ELHE 82 NMIMRA 2. TERAIAER) it o B4

T AS &, AFF SR T Boruta HVE 5B VTRFEN BRPIFN )77 . Boruta AT
BENLARIR S 52 TRAE AL, 354K 100 R, RO 22 AR EERHE S 10 A>n]
BEPRHE (B 1A o IRV BR FHBENLARAR S 5 H128 SCBAIE, AREAD & B 2 e,
e HEA BT 10 URFE, KN JRIR Curic Acid, UA) + JRZEZ (blood urea nitrogen, BUN) .
B PERIRES (alkaline phosphatase, ALP) . HLZ4A /LS (monoamine oxidase, MAO) . &
FREILHFHE (alanine aminotransferase, ALT) « 4t H Ik (glutathione, GSH) . ELIZHZL &

(direct bilirubin, DBIL) . #kEL4HM 4> b (lymphocyte percentage, LYM%)  H ki 4 ffa
Fi 43t (neutrophil percentage, NEU%) 544 (& 1B) o AR FHEA R 572 b e
W b 5 0 e 46 SR AT 4, K S )32 HH AR 10 N RIS 82102 [H & Logistic [A119 4347 .



B 1 ZF Boruta AZTREER (RFE) M MKSEAFERM LSS R
Fig. 1 Results of blood parameter feature selection based on Boruta and recursive feature
elimination (RFE)
A: Green indicates acceptable features, yellow indicates tentative features, and red indicates
unimportant features; acceptable features are those whose importance is significantly higher than
the maximum importance score of shadow features, while tentative features require further
validation; B: Important variables are ranked; AG: anion gap; CL: chloride; COa: carbon dioxide
content; K: potassium; NA: sodium; CA: calcium; MG: magnesium; P: phosphorus; NT-PROBNP:
n-terminal pro-b-type natriuretic peptide; ProCT: procalcitonin; CREA: creatinine; CK: creatine
kinase; CKMB: creatine kinase-mb; HCY: homocysteine; BMG: beta-2-microglobulin; ALB:

albumin; GLO: globulin; A/G: albumin-to-globulin ratio; TP: total protein; PA: prealbumin; TBA:



total bile acids; TBIL: total bilirubin; AST: aspartate aminotransferase; GGT: gamma-glutamyl
transferase; CHE: cholinesterase; NHs: ammonia; ADA: adenosine deaminase; AFU: alpha-I-
fucosidase; IVC: indirect bilirubin; TC: total cholesterol; TG: triglycerides; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; APOA: apolipoprotein al;
APOB: apolipoprotein b; WBC: white blood cell count; RBC: red blood cell count; HGB:
hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular
hemoglobin; MCHC: mean corpuscular hemoglobin concentration; RDW-CV: red cell distribution
width-coefficient of variation; RDW-SD: red cell distribution width-standard deviation; PLT:
platelet count; MPV: mean platelet volume; PDW: platelet distribution width; PCT: plateletcrit; P-
LCR: platelet-large cell ratio; P-LCC: platelet-large cell count; NEU#: neutrophil count; LY M#:
lymphocyte count; MON#: monocyte count; EOS#: eosinophil count; BAS#: basophil count;
MONY%: monocyte percentage; EOS%: eosinophil percentage; BAS%: basophil percentage; CRP:
c-reactive protein; ESR: erythrocyte sedimentation rate; C3: complement C3; C4: complement C4;
IGA: immunoglobulin A; IGG: immunoglobulin G; IGM: immunoglobulin M; FE: iron; PT:
prothrombin time; INR: international normalized ratio; PTA: prothrombin activity; APTT: activated
partial thromboplastin time; TT: thrombin time; FIB: fibrinogen; D-D: d-dimer.
2.3 MBESHER PTB 5 CAP HIME SRAE

HET iR B EYIL LR, RHZHEK Logistic [FJH 73T i 401 H 8 AN %5 PTB
5 CAP S BB S 00 AR B IR AR A . JL A i W o T A8 & VIF B/hT 5, &
WA 2 IR . LT85 R LR 2, UA J& ALP 5 PTB MU B IEAHR

(OR=1.004. 1.014, ¥J P<0.001) : ifii BUN. MAO. NEU% GSH 5 PTB X & ffAH 5%
(OR=0.863. 0.921. 0.917. 0.982, 34 P<0.05) -

BE—Lild ROC HiZk. KEihZ 5 DCA PHERERIERE . Wil 2A P, BORLAEIZREE
(1 AUC 4 0.800 (95% CI:0.769~0.830) , R tE#IKE N 0.525, REBUIEN 68.5%, KiFEN
78.3%. WIFIRUESE ) AUC Jy 0.787 (95% CI: 0.738~0.836) , S fE#kMifE A 0.587, Rk
JE9 71.4%, KRN 74.0%, Sosth REFHIIX 508 7). BHERE VFAE K A Hosmer-Lemeshow
WA R (B 2B) , BAIEIZR4E (2=7.018, P=0.535) S5IGIELE (42=5.016, P=0.756)
T A R HORHENE RE . R UIBIR TN 5 SEERL I 2 1A Jo B 25 2 e, TR AR HE JEE
Rif. DCA ELHIFE 10%~80% [ B {E LG B AR B IR PR il (B 20)



NIRRT 2 A A B, AR 4 MREBARUIEAT PERE LU B — . SR+ BUN+UA;
B~ FRA—+ALP+ALT+MAO; BB = A “+NEU%; BAIPU: #54 =+GSH. 45
VIR, BEATE 8 MEARIFERAA (BRI fEUISESRUFEF IR IRA . BE
= VUM AUC ¥ 3 & T B8 — (DeLong £ 3035 P<0.05) , AU AUC s (Ul
Y4 0.810, IIEEE 0.786) o KIUEREKH] Hosmer-Lemeshow & 10 BEAG B0 2E4T VP4l . AR
—EINGETRWEAE (2=17.433, P=0.026) , WIFERMERLF (2=2.945, P=0.938) .
PR R4 42=11.992, P=0.152; J6IF4E ¥>=4.874, P=0.771) . i/ = (Il %4 x>=8.661,
P=0.372; BIE4EE ¢2=9.253, P=0.321) FIE R T (I Z5R4E >=7.018, P=0.535; K iF4E >=5.016,
P=0.756) TENZESWAFE P IRAE R LT, ZRE VRN, B R Rmi sy, HAIE 2 HmME
R N e ok (B3 .

£ 2 PTB 5 CAP Z A Logistic [ H4 4R

Tab. 2 The results of the multivariate Logistic regression analysis of PTB and CAP

Variable S SE Zvalue P value OR (95%Cl)

Intercept 1.816 0.55 164 3.291 <0.001 6.145 (2.109-18.38)
Age (years) -0.024 0.00 554 -4.346 <0.001 0.976 (0.965-0.986)

UA (umol/L)  0.004 000052  7.854  <0.001  1.004 (1.003-1.005)

BUN -0.146 0.0 321 -4.561 <0.001 0.863 (0.807-0.914)
(mmol/L)

ALP (U/L) 0.014 0.00317 4.492 <0.001 1.014 (1.008-1.020)
NEU% (%) -0.086 0.03 202 -2.701 0.007 0.917 (0.859-0.975)

MAO (UL)  -0.082 002765 -2.951  0.003 0.921 (0.872-0.972)
GSH (mg/L)  -0017 000484  -3.605  <0.001  0.982(0.973-0.991)

ALT (U/L) -0.004 0.00 253 -1.558 0.119 0.996 (0.990-1.000)

OR for continuous variables are per 1-unit increase.



B 2 BT mBESHMEEER Logistic BRI T it G4 5 it K KR BE b7
Fig. 2 Performance of the multivariate Logistic regression model based on blood parameters

for differentiating pulmonary tuberculosis from pneumonia

A, B: The receiver operating characteristic curve; C, D: The calibration curve; E, F: The clinical

decision curve.
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B 3 AR MRS BOR R S 5] i 551% 55 Fiit % I 28 Be 7
Fig.3 Performance analysis of different blood parameter models for differentiating
pulmonary tuberculosis from pneumonia
A, B: The receiver operating characteristic curve; C, D: The calibration curve; E, F: The clinical

decision curve.

2.4 SMERRAES R

VPSR RZ A RE 77, AT FUR R B v BN B AR SO 55 981 BRBE ) 218 il i
AT AMBERAE (PTB 21 129 5, CAP #4189 #i) . PTB A fraEd N 58 &, Ftk
78.29%, SUIZREAMLZE TG TH 8 3, SMBIIEAE B R K P (18 XD Bl
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SriEr (27K, ZH L (78.29%) mT RS (59.87%) . CAP HHAIERE A 58
%, SIGERERESGTHEN, T3 irn. KX EERLG, H AUC{EHN 0.736
(95% CI: 0.667~0.805) & R YR Ak 26 1) Fe A AR BT(E N 0.594, REBUEN 68.9%, HrafEN

72.9% (& 4A)

Hosmer-Lemeshow FUL5 15 546 56 &5 5 5 7 A5 70 T30 4k 2 5 s o WL Ak 2 2 [R) G i 3% 22

5 (2=10.724,

P=0218) , LU FHMBR L LRt 0LEA REFH— Bt (K

4B) o MM IR, EBEBEZACT 40%I0, AR KPR AC T AR T SR
(K 4C) o 1E 40%-80% ) BIEMEZR XA Y, AL R I ot i T B0 iR T 5 <X AR YT
PR ARG i A o AT (T BEASE TR Y 77.1%, B0 Y 63.9%

£ 3 YGEGHERIFET PTB 5 CAP BERELIMELE [n (%), M (P, Prs)]

Tab.3 Comparison of baseline characteristics between PTB and CAP patients in the

training set and external validation set

[n (%), M (st, P75)]

PTB CAP
. External . Ex'terr%al
. Training set L\ P Training set validation P
Variable validation
n=446 value n=356 set value
set n=129
n=89
<0.00
Age 59 (49,69) 58(52,66) 0.181 68 (57,74) 58 (42,68) 1
Gender 0.158 0.031
Male 222
319 (71.52) 101 (78.29) (62.36) 67 (75.28)
Female 134
127 (28.48) 28 (21.71) (37.64) 22 (24.72)
Marital status 0.176 0.334
Single 25 (5.60) 11 (8.52) 8 (2.25) 3(3.37)
Married 301
369 (82.74) 109 (84.50) (84.55) 79 (88.76)
Divorced/Widowe
d 52 (11.66) 9 (6.98) 47 (13.20) 7(7.87)
Education level 0.001 0.009
Below high school 117
134 (30.04) 58 (44.96) (32.87) 40 (44.94)
High school 221
graduate 172 (38.57) 48 (37.21) (62.08) 40 (44.94)
Post-secondary
education 140 (31.39) 23 (17.83) 18 (5.05) 9(10.12)
Registered residence 0.110 0.106

12



Urban

Rural

Health insurance type
Urban resident

Urban employee

Self-pay

Length of hospital
stay(days)

Initial treatment
status

Yes
No

Cough

Yes

No

Fever?

Yes
No

Sputum

Yes
No

271 (60.76)

175 (39.24)

298 (66.82)

137 (30.72)
11 (2.46)

27 (18,41)

423 (94.84)
23 (5.16)

267 (59.87)

179 (40.13)

364 (81.61)
82 (18.39

364 (81.61)
82 (18.39)

89 (68.99)

40 (31.01)

88 (68.22)

38 (29.45)
3 (2.33)

18 (11,27)

123 (95.35)
6 (4.65)

101 (78.29)

28 (21.71)

98 (75.97)
31 (24.03)

79 (61.24)
50 (38.76)

0.956

<0.00

0.998

<0.00

0.195

<0.00

225
(63.20)
131
(36.80)

231
(64.89)
121
(33.99)
4 (1.12)

21 (8,43)

355
(99.72)
1(0.28)

214
(60.11)
142
(39.89)

283
(79.49)
73 (20.51)

283
(79.49)
73 (20.51)

65 (73.03)

24 (26.97)

61 (68.54)

27 (30.34)
1(1.12)

19 (12,25)

87 (97.75)
2 (2.25)

67 (75.28)

22 (24.72)

75 (84.27)
14 (15.73)

61 (68.54)
28 (31.46)

0.807

0.145

0.103

0.011

0.386

0.039

A: Fever was defined as an axillary temperature>37.3 °C.
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Fig4 Comprehensive evaluation of discrimination, calibration, and clinical applicability of
blood parameter models in the external validation set

A: The receiver operating characteristic curve; B: The calibration curve; C: The clinical decision
curve.
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