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Screening qPCR-positive specimens based on histopathological characteristics: a rapid,
accurate, and economical diagnosis of pulmonary tuberculosis

SHEN Lihua, ZHANG Qiangian, JIN Xiaoyan, HU Huidi, DONG Yan,ZOU Jue’

Department of Pathology, the Affiliated Brain Hospital of Nanjing Medical University (Nanjing Chest Hospital) ,
Nanjing 210029, China

[Abstract] Objective: To screen specimens with high qPCR positive rates based on hematoxylin and eosin (HE) histopathological
characteristics for the rapid, accurate, and economical diagnosis of pulmonary tuberculosis. Methods: A retrospective analysis was
conducted on the clinical data and CT findings of 189 patients with pulmonary granulomatous disease. Formalin - fixed paraffin -
embedded (FFPE) specimens were initially screened by HE staining, followed by Ziehl-Neelsen (Z-N) staining and qPCR assay for
further verification. Results: Based on CT findings, 189 specimens were divided into two groups: the peripheral nodular group
predominantly showed hilar and mediastinal lymphadenopathy (87/149, 58.4%) , lobulation sign (66/149, 44.3%) , and spiculation sign
(63/149, 42.3% ) ; and the central occupancy group mainly exhibited bronchial obstruction (31/40, 77.5% ) and atelectasis (29/40,
72.5%). These findings were often indistinguishable from neoplastic lesions, leading to delayed diagnoses. HE staining results from 95
confirmed pulmonary tuberculosis specimens revealed that the percentage of necrotic area =25% (}’=41.649, P < 0.001) and the
maximum diameter of granulomas =8 mm (}’=8.071, P=0.004) were correlated with qPCR positivity. Binary logistic regression
analysis showed that the percentage of necrotic area and the maximum diameter of granulomas in pulmonary tuberculosis were

independent predictors of qPCR positivity (OR=1.324, 95%CI: 1.202-1.460, P < 0.001; OR=0.265, 95%CI: 0.164-0.429, P < 0.001).
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In FFPE specimens of pulmonary tuberculosis, the area under the curve, sensitivity, and specificity of the necrotic area percentage for

qPCR positive results were 0.794, 78.2% and 78.9% , while for the maximum diameter of granulomas were 0.600, 88.5% , and 43.7%,

respectively. Conclusion: When CT findings of peripheral nodules show hilar and mediastinal lymphadenopathy, lobulation sign, and

spiculation sign, they are more likely to delay diagnosis of granulomatous diseases such as pulmonary tuberculosis. The measurement of

necrotic area and the maximum diameter of granulomas can improve the sensitivity of qPCR detection. Preliminary screening with HE

staining to select high-quality specimens for testing can enhance the accuracy of tuberculosis diagnosis.

[Key words] pulmonary tuberculosis; quantitative PCR ; histopathological features; auxiliary diagnosis
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5% TR LAY 2~3 s, RV o 258
F7KIPE 2 min; 36 W5V U R 4L €420 55 BB FOK
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A: Thorough caseous necrosis, acellular pink areas of necrosis with karyorrhectic debris. B: Confluent granulomas, merging of the adjacent boundar-

ies of granulomas. C: Discrete granuloma with well-defined boundaries. D: Lightly stained epithelioid cells aggregate in the outer layer of necrosis. E:

Layers of lymphocytes around the granulomas. F: Langerhans’ giant cells.

El1 qPCR PRI HIBRIRLA LR FHFAE(HE, x200)
Figure 1 Histopathological parameters of qPCR positive samples(HE, x200)
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&5 SR W+ o R WU A ) R R DT T
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W5 R RH A, 25 CUE>25 BUOEY {55, W
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1.3 GitF 7k

K1 SPSS25.0 BAFHEAT GE it 270 B, BEAT R T7
For 46 (R #E-R 75 ar 56D A1 — 7T Logistic [21 543047, 5238
#H TAEHFAE (receiver operating characteristic, ROC)
Hh 25 43 #1 #h 28 TH X Carea under curve, AUC) 12 W
REGPENRE . K VUM R AT Kappa [F] — 146
06, THE R U R L BH A BUAE (positive pre-
dictive value, PPV)  [J1 14 Fil #lll {& (negative predictive
value, NPV)+ Kappa <020, >0.20~0.40. >0.40~0.60.
>0.60~0.80 A1>0.80 73 BN B — e g
KRE—BAUL PR e . P<0.05 NERAS
TR
2 # R
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T HILE 2 AT B, £56 TBRHIE, {H TB & WL
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PR AN )7 2H 2 (1], A PRl 24 2575 20 22 R 30 9 M
I TR bR B2 55 i K (877149, 58.4% ) , FL Uk N4y HHAE
(66/149, 44.3%) F1 B HI1E (63/149, 42.3%) , i 53 i
F R kA T I T B A (417149, 27.5% ) A0 s AR
(35/149, 23.5% ) 5 /> B 6] A it A 5K (22/149,
14.8%) & BHLIE (16/149,10.7%) R BRI 3 AU
F5K (10/149, 6.7%) J ML FE AL (4/149,2.7%) 5 H
g R0 5 47 41 R 3R I B O SR B ZE (3140,
77.5%) il A 7K (29/40, 72.5%) , 4> B A T 19
Re bk B2 45 i K (24740, 60.0% ) , /b #2535 B RIAE
(4/40,10.0%) K /3 MHAIE(3/40,7.5%) o IXEEEFAEAELE
LA A T A TBAE S, 409 847 T TB 4F & X
2B ATEE, WTIAR 2678 IR IR B GR D .

*1 BEREBCTHIE
Table 1 Chest CT features of patients

Peripheral nodules group Central occupancy group Total
Chest CT features
(n=149) (n=40) (n=189)
Main lesion size(mm, x + §) 22525 21.7+9.5 21.9+83
Main lesion was located in the predilection sites [n(%) ] 73(49.0) 21(52.5) 94(49.7)
Multi-segmental lesion[n(%) ] 47(31.5) 26(65.0) 73(38.6)
Cavity[n(%) ] 5(3.4) 2(5.0) 7@3.7)
Lobulation sign[n(%) ] 66(44.3) 3(7.5) 69(36.5)
Spiculation sign[n(%) ] 63(42.3) 4(10.00 67(35.4)
Vessel convergence sign[n(%) ] 402.7) 00 42.D
Pleural indentation[n(%) ] 41(27.5) 1(2.5) 42(22.2)
Hilar and mediastinal lymphadenopathy[n(%) ] 87(58.4) 24(60.0) 111(58.7)
Bronchial obstruction[n(%) ] 16(10.7) 31(77.5) 47(24.9)
Localized bronchiectasis[n(%) ] 10€6.7) 0(0 10(5.3)
Atelectasis[n(%) ] 22(14.8) 29(72.5) 51(27.00
Air bronchogram sign[n(%) ] 24(16.1) 00 24(12.7)
Pleural effusion[n(%) ] 35(23.5) 20(50.00 55(29.1)
Satellite nodules[n(%) ] 00 00 00
Tree-bud sign[n(%) ] 00> 00> 00>
Fibrous stripes[n(%) ] 29(19.5) 8(20.00 37(19.6)
Calcification[n(%) ] 000) 9(22.5) 9(4.8)

*: Predilection sites were apical-posterior segment of the upper lobe and the dorsal segment of the lower lobe.
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SRR R 9 3 128 Hil (128/149, 85.9% ) , H ik Ky
PNLB(21/149, 14.1%); " 9714 5 £i7 20 L) EBUS-TBNA
E(31/40,77.5%) , >4 PNLB(9/40, 22.5%) -

K HE 4. 033k 47 41 239 B 2% 1 07, 149 1
(78.8%, 149/189) F 2% B Y [ 45 % 1 A5 A HKFAE , A
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11/40) , JIH ] i 5 & % 1% S 11 (12.5%, 5/40) , HoAth 2
18 1 SRR 7 P 4 224911 (55.0%, 22/40) (1 2) .

23 Z-N#HFR &5 qPCR k40 MTB 5 s /K # B
79 P

F2 A EE T 149 38 I HE 910 « S04 TB b
A, 2 7-NHUER Y O qPCR KGN ) 45 5 . MR FE
K &5 F, Z-N PR 4 (. F1 qPCR 32 A BEYE S b2
54481 TEIX P IUAG I 2 — SRy I 1k ) BB o W R IR A
ShA BE TR AR R AE I R R I BE A 2256 J4 T LA
Je BB IS W BT A6 YT RN R 4 (1) S5 U A2 TB
410, IR E 12 956 TB B 5461 TB B 1 -

PG R S Wi E N2 25 b itk , NS R R,
qPCR A Wl f¥) R 5 RE | F 7 FZ . PPV NPV 7353l Ry
80.0%96.3% 97.4% F1 73.2% , 1 T Z-N i & e {0,
(539 56.8% , 42.6% , 63.5%K135.9%) , % 4 K ¥

A: Typical granuloma. B: Foreign body granuloma reaction. C: Multinucleated giant cell reaction. D: Cholesterol crystallization formation. E: Non-

specific infectious granuloma. F': Non-specific acute and chronic infection.

2 189 iRt A ZF A 142 HE R B ATTF 1B (HE, X100)

Figure 2 Initial screening results of HE staining for 189 cases of pulmonary granulomatous diseases(HE, X100)

Z A ZERBE SR X (P <0.00D). qPCRAEM
Sl R & 12 45 R 10— 2 (kappa=0.7 D H
2.4 qPCR [ bk 40 69 48 42 Jn 32 52 45 42

BT HE B4t 1) qPCR [ 14 A1 3 14 25 1) 20 23

PEARRE (R 3, RILIR BRI AR B 73 EE=25% (=
41.649, P < 0.001) « P ZF it 5z K H £ =8 mm (y'=
8.071, P=0.004) 5 qPCR PHPE A B vy, 5 A
GiitE R (K 3, B3) . HoAhs BRI ik & 1

£2 5SlaKiZHELL, Z-N B2 &0 qPCR QN B R 8UE 45 5% . PPV.NPV FI—2 1%

Table 2 Sensitivity , specificity, PPV, NPV, and agreement of Z-N staining and qPCR detection compared with clinical

diagnosis
Clinical diagnosis
Methods (n=95) (=54 Sensitivity (%) Specificity (%) PPV (%) NPV (%) Kappa
7Z-N + 54 31 56.8 42.6 63.5 359 -0.05
- 41 23
qPCR + 76 2 80.0 96.3 97.4 73.2 0.71
- 19 52

7-N: Ziehl-Neelsen staining; qPCR: real -time fluorescent quantitative PCR; +: positive result; —: negative result; PPV: positive predictive value;

NPV : negative predictive value.
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25 B AP A L b R R A A A I bk EE i
AN DU B X PCR 25 2R JC &5 35 52
U, I AN SR ST AR 23 B AT A 2 i R K BLAR
A BT 1 gPCR 45

%3 qPCROPATELE SR 1%H4E A LH LR ERFHE LI
Table 3

Comparison of histopathologic parameters

between qPCR positive and negative groups
(n)

qPCR+ qPCR-

(n=78) (n=71) P

Histopathologic parameter

41.649<0.001

Necrotic area percentage

=25 % 62 19
<25 % 16 52

Size of granulomas 8.071 0.004
The maximum diameter=8 mm 50 29
The maximum diameter<8 mm 28 42

Confluent granulomas 0.052 0.820
qPCR+ 73 68
qPCR- 5 3

Discrete granulomas 0.072 0.788
qPCR+ 50 44
qPCR- 28 27

Bands of epithelioid histiocytes 0.673 0.412
qPCR+ 50 41
qPCR- 28 30

Lymphoid aggregates 1.224 0.269
qPCR+ 65 54
qPCR- 13 17

Langerhans’ giant cells 1.224 0.265
qPCR+ 53 42
qPCR- 25 29

2.5 WHERIEFRIEL qPCR L BT8O 6 48 X 14
AT

Nt — A5 AIE S 20 2395 BRARRAE X qPCR 45 B0 52
Wi, BEAT T AHSC M (B 4) o SRBETH AR 1 29 LL AN A
i KA RS PCR FHME 45 B A B3 M
(OR=1.324,95%ClI: 1.202~1.460; OR=0.265, 95%ClI:
0.164~0.429) . Hosmer-Lemeshow & I 45 £ Wy & %5
Uf (}’=10.227, P>0.05) . X 4645 TR0, X Fp 4
SV B RFAE AT BEXT TB 2 Wi A Sl Bh/E FH o
2.6 RAEMARE R A F IR K AR 6 K
E oM

Wl 5 B, SRAETHAA B 23 EE ) AUC 24 0.794,
RFE N T8.2%, R 53 FE N 78.9%, 95%C1 4 0.717~
0.871 (P < 0.001) . K% i i K H £ 1) AUC -y

A: The percentage of necrotic area=25%. B: The percentage of ne-

crotic area<25%. C: The maximum diameter of granulomas=8 mm. D:
The maximum diameter of granulomas <8 mm.
3 MEHHESKHEYIFHRIFEERE S LLUURA S
MERXERE
Figure 3 Measurement and calculation of necrotic area
percentage and the maximum diameter of granu-

lomas on each HE piece

0.600, R T & 88.5% » ¢ 57 £ 4 43.7% 5 95%C1 N
0.505~0.694 (P=0.036) . LA I &5 GL R B, YK AL TH X
T 43 O AT A ZE i i K B4R X qPCR P A B E 1
BIWIRE, TN qPCR AN TB (15 B2 Wi 4e b .

3 3 i

AN LRI CTREAE 55 5] S i 350 DAY 28 P 4 11
FERIZW . F 51 189 1| 4 EBUS-TBNA . PNLB
BUANEF TR PRI 2 i s S5, DRI U 22 3R I 2
H o HAE S B B AIE il 1] B 0B bk B2 45 i oK 45 R
T iR R REAE 17T J G R O 1 AR B B IR R AN 5%
FR N TR AL W SEAE A0 S AN B R T 1
PRGE A it 5 12 Wi et R v fle 2 IR 3 3 WA P 7 MTTB
RO I 235 SR BSAS I 5 SR A B 5 e, 40 18] A v o 75
P, HAETE R 1 SCRE AR A PNLB, 5754 149 4 3%
H L 2147 PNLB, HR 852 T AN RIBIT

MTB & 4= tht 5t 55z o W 1) Ml A 2 i B8], (H—
U 2 S5 3 2 A I 4 SRR I, PR EE i RH R AE A 7R
FoAh v 2 B i R I, BLRE S L 45 T 0 L R R
GuEtsl Qv A, MR IR 2R G B AR A A A R X
AR, I 2H 23355 Ao A 2 AR AR A Ok, FARY)
BRARAS R, BN Lk B e B IR s TR R K7
A%, BN AR HR O Sl 2k 2 AL EUM  DAA T e B
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Adjusted OR(95%CD P value
Necrotic area percentage b 1.324(1.202-1.46) <0.001
Size of granulomas ~ +——— 0.265(0.164-0.429) <0.001
Confluent granulomas — 0.809(0.554-1.182) 0.274
Discrete granulomas + 0.957(0.905-1.012> 0.120
Bands of epithelioid histiocytes — 0.284(0.030-2.667) 0.271
Lymphoid aggregates e 2.010€0.511-7.911) 0.318
Langerhans’ giant cells — 0.276(0.016-4.761> 0.375

0.25 0.50 1.00 2.00 4.00 8.00 16.00

The square of each line illustrates the OR value; the horizontal line indicates the confidence interval.
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Figure 4 Forest plot for the correlation analysis between histopathological parameters and qPCR results
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