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Abstract

Objective: To explore the application value of diagnosis and differential diagnosis for the detection
of mycobacteria in the bronchoalveolar lavage fluid (BALF) of patients with lower respiratory tract
infections using metagenomic next-generation sequencing (mNGS). Methods: A retrospective anal-
ysis was conducted on the clinical data and BALF mycobacteria detection results of 509 patients with
lower respiratory tract infections who were admitted to the Department of Respiratory and Critical
Care Medicine at The Affiliated Hospital of Qingdao University from July 2019 to August 2024. Results:
Among the 509 BALF samples, 31 were positive for acid-fast staining, resulting in a positivity rate of
6.09%. The mNGS identified 92 cases of mycobacteria, with a positivity rate of 18.07%. There was
a significant difference between the two detection methods (¥ = 12.98, P < 0.05). Among the 92 iden-
tified mycobacteria, 55 cases were of the Mycobacterium tuberculosis complex (MTBC), accounting for
59.78%, while 37 cases were non-tuberculous mycobacteria (NTM), accounting for 40.22%. Within
the NTM group, 31 cases were Mycobacterium avium complex (MAC), 1 case was Mycobacterium kan-
sasii, 2 cases were slow-growing yellow mycobacteria, and 3 cases were Mycobacterium abscessus;
MAC comprised 83.78% (31/37) of the NTM cases. The mNGS results indicated a statistically signif-
icant difference in the detection of MTBC between male and female patients (¥2=4.6761, P <0.05),
while there was no statistically significant difference in the detection of mycobacteria among differ-
ent age groups. Furthermore, the types of co-infections found in MTBC and MAC-positive patients
exhibited significant differences. Conclusion: mNGS can provide a rapid and accurate method for
the diagnosis and differential diagnosis of mycobacteria, facilitating timely and effective clinical treat-
ment.
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3.1. FBEAFEREHER

7 509 5] BALF FEAKGI tf, RI6ARMHTIR YL lHt: 31 41, FIPHEZRA 6.09%; mNGS Kl H 754
FFEG 92 491, KEIIPHYEZRA 18.07%, PRI 7% —80% 33.70% (31/92), PR IIZE R EAA ZFE(2 =
12.98, P <0.05). W7 1. 92 BT, ot EE&#MTBC) 55 4, 4t 59.78% (55/92);
ARG AT (NTM) 37 i, 5 EE 40.22% (37/92), HH S - BT 2 G HE(MAC) 31 #i. HEp= i
SIRRFER 1 A8 AT BORF IR 2 BRI 2> BOAF B 3 0. ARG BAF R R, DL - B BT R
5t 83.78% (31/37). WLEE 2.
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Table 1. Comparison of mNGS and acid-fast staining results from the clinical laboratory
F 1. mNGS S RHER R BAMEE R LIS

MR 2
mNGS &t
o 4 93 4
[KEEE 31 61 92
99 4 0 417 417
&1t 31 478 509

TH: mNGS 7R A AR

Table 2. Specific distribution of mycobacteria detected by mNGS (cases)
= 2. mNGS N H A RATE R 2 R0

SRFF (= 92) FELER 5y BT (n = 37)
A s L% A HEpE 18k 3 i i
Sy HEKF B SrHEKF B SASIE  summ aEHE MR
151 % 55 37 31 1 2 3
ﬁtﬂ%(%) 59.78 40.22 83.78 2.70 5.41 8.11
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TEA 509 5] BALF FEAH, 531% BALF £ UFEAS 282 5, L BALF frlFEA 227 5. S5% 01
HHEESHMTBOET . AL BALF FEAIIR H 2737008 13.48% (38/282)F1 7.49% (17/227), %5
B FE(P =4.6761, P<0.05); 9 - OHMFEE AT MAC). HEFEHI BB 1848 0 AT
FREI AT ETE S . 4L BALF FEAKE A 1 22 7 4055 L. Lk 3.

Table 3. Detection of mycobacteria between different genders

3. PRI ESRATERRHER

F(n=282) 4 (n=227)

5Bk B 2 P
511 K th (%) 1511 K H 2 (%)
MTBC 38 13.48 17 7.49 4.6761 <0.05
MAC 14 4.96 17 7.49 1.4011 0.2365
S 7 0 BT oA 1 0.35 0 0 0.8065 0.3691
184 58 3 KT A 2 0.71 0 0 1.6161 0.2036
JH J¥ 23 AT A 2 0.71 1 0.44 0.1550 0.6938

E: MTBC NI BATHE G, MAC NS - R BATHE 1.
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HRAE S5 (A A%, K 509 19 BALF RarilRE A 73 A VUSRS A, 43 B 8% 47 e 28 oA s 23 BT B
(PR 0 o S5 EF- 18 2H 1D 43 R AT B8 RO ARG HH 2R 40 T <35 B AR 18 2H 26.53% (13/49)36~50 FE#44H 21.05% (16/76)+
51~65 £EHY2H 15.82% (28/177) >65 FEEHYH 16.91% (35/207)0 ASEER AL/ HAT B RS L R E R LG 1T
¥R, WE4. K5,
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Table 4. Detection of mycobacteria in different age groups

F 4. NEFREPBATREOEEER

Fi(%) n K 512 R (%)
<35 49 13 26.53
36~50 76 16 21.05
51~65 177 28 15.82
>65 207 35 16.91

Table 5. Statistical analysis of mycobacteria detection in different age groups
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ﬂgﬁé}(ﬁ) <35 36~50 51~65

() Pk Pt PRt Pt PRt Pt
<35 / / / / / /
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51~65 2.9651 0.0851 1.0141 0.3140 / /
>65 2.4081 0.1207 0.6463 0.4214 0.0825 0.4214
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P <0.05); MTBC [FI & 4B FI R G 9 6, MAC B3 7 61, P e 2 (2 = 0.6091, P>
0.05); 4l MTBC /&4 10 B, MAC &G 3 0, W& G2 R 1% (7 = 3.8181, P> 0.05). W% 6.

Table 6. Comparison of co-detection of viruses and fungi between MTBC and MAC (cases)
% 6. MTBC #1 MAC &R HMEE R H 1B L))

BALF A A 4 1 Rk A5 i (n = 509)

WA
I ® HH B A LT BoRk
49 MTBC 33 7 9 10
A9F MAC 17 17 6 3
V! 5.3841 4.2671 0.609 3.8181
PfA <0.05 <0.05 0.4352 0.0507
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mNGS FEAGIE] 92 B AT, FEMERN 18.07%, 1 B B 36 A BTER YL t fH 1 3 UN 6.09%. X 92
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HER . RECEOUBRTE . I8 I B AR T B K Y, mNGS BeAERA R AN [FIF R 0 BAF 1, A4S
G BT AN AE S L A AT o 3XF B T e B G I B AR SRS, DB HEAT £ 0 VYT . SRR ST
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A BB AR I 2250 v 2 P B 251 o 0 T 0 BT B L R BRI SR AR S, AR Gt oy B B 37 2R AR w1
HAFEmHK[21], FEPERAC; 1M H mNGS ] DUREUR R AR RE A b B e (5 2, AT DU
FLIX Gy B A% o AT B RN S5 % 0 BRI, 3 mT AR s ) 00 R R U [22]-[25] AR T, mNGS A7 H/HER
P, RS RE SR, HEUISZ A NHIRadE, )55 &G amigs o .

2 LATR, mNGS m] DA s i s e N BALF FEAIIG R 22 B Ve, SR MRS &, rIE
PRIG B o3 R AT 1 0 B R EL B RS HE 2 W3R it de 5

£ E&WA
T R R TR E BB (18-6-1-77-nsh)
SE MK

[1] Li, Y. and Nair, H. (2022) Trends in the Global Burden of Lower Respiratory Infections: The Knowns and the Unknowns.

DOI: 10.12677/acm.2026.162361 58 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.162361

WEEL E

(3]

(4]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

The Lancet Infectious Diseases, 22, 1523-1525. https://doi.org/10.1016/s1473-3099(22)00445-5

Bolek, H., Ozisik, L., Caliskan, Z. and Tanriover, M.D. (2022) Clinical Outcomes and Economic Burden of Seasonal Influ-
enza and Other Respiratory Virus Infections in Hospitalized Adults. Journal of Medical Virology, 95, €28153.
https://doi.org/10.1002/jmv.28153

Kyu, H.H., Vongpradith, A., Sirota, S.B., Novotney, A., Troeger, C.E., Doxey, M.C., et al. (2022) Age-Sex Differences in
the Global Burden of Lower Respiratory Infections and Risk Factors, 1990-2019: Results from the Global Burden of Disease
Study 2019. The Lancet Infectious Diseases, 22, 1626-1647. https://doi.org/10.1016/s1473-3099(22)00510-2

Cilléniz, C., Greenslade, L., Dominedo, C. and Garcia-Vidal, C. (2020) Promoting the Use of Social Networks in Pneumo-
nia. Pneumonia, 12, Article No. 3. https://doi.org/10.1186/s41479-020-00066-3

Liu, Y., Zhang, Y., Xu, Q., Qiu, Y., Lu, Q., Wang, T., e al. (2023) Infection and Co-Infection Patterns of Community-Acquired
Pneumonia in Patients of Different Ages in China from 2009 to 2020: A National Surveillance Study. The Lancet Microbe,
4, €330-¢339. https://doi.org/10.1016/s2666-5247(23)00031-9

HHE, w0, FREAE G A N AR R AR AN B A I R R G b R T MEL D). o R R B 2
1k, 2022, 41(4): 337-340.
FRAR IR S NP IROF 2 A 4. T IR E JRR  7  OR 2 AR AR 2 I PR AR S B AR T R ALAR ], R AR AR R 2
&, 2023, 46(4): 322-335.
FRKE, KN R AR 775 T W ek e 1 3 S0 My v s S 2 (B 0], iR 22,
2024, 45(3): 326-330.
HRARER e Yl B R G 5 T 25 BT 2. WP R s g v 2 ik R AH 3 BRI R B 5 45 SRR s B X3RRI
el R IR G 44 38, 2022, 15(2): 90-102.
FRAR IR S oA 0 IR S o WG R P 2. 7 2 DR 2 v 3 i 4 AR S FH - B e M S A [ SR ],
rRAER I L 2 2k A, 2021, 44(2): 107-120.

(Rt g2 B B2 s, 77 L DR 20 S 58 — AR i A I Jak o i A ) e PR R FH & R BLRI].
etk Yugpi 4k ik, 2020, 38(11): 681-689.
I, T8, 228, %5 SO IR LI 2 SE R A AR A2 Wi S 3 IR g I T 200 YO R A S i RS A AR L[]
FRAESE S WS R IT 24 &, 2024, 38(4): 377-381.
PUENE, TR, XL, SE. RN AH A AR R AR ORT B i 26 T B 2 W AN E )], R ARSE e W S VR 4
£, 2020, 34(10): 1023-1025.
Li, Z., Lu, G. and Meng, G. (2019) Pathogenic Fungal Infection in the Lung. Frontiers in Immunology, 10, Article 1524.
https://doi.org/10.3389/fimmu.2019.01524
RN, (R, Mk, & 22 3E0NH AR P HR R M im & FE Mt o b 28 8 1238 T s A B[], R
gL 5 47 A4 8, 2023, 23(2): 195-200.
M, MR, SRR, . REERA AP ) LB B G R ANET]. A LR, 2022, 24(3):
273-278 .
ZEHRE, AR, EFEE, 2 FHRRNA AN FE)LE M A MR AT G A I B8 R F 2 Wb i S A A E D]
RN LIRS R 2 &, 2022, 27(6): 363-366.
Tarashi, S., Sakhaee, F., Masoumi, M., Ghazanfari Jajin, M., Siadat, S.D. and Fateh, A. (2023) Molecular Epidemiology

of Nontuberculous Mycobacteria Isolated from Tuberculosis-Suspected Patients. AMB Express, 13, Article No. 49.
https://doi.org/10.1186/s13568-023-01557-4

RAE UK, R, IR, A I VR T 2 A TR A A o B AL 25 A% RS B [T]. e R IR &, 2022,
27(5): 722-725.
Fernandes, P., Ma, Y., Gaeddert, M., Tsacogianis, T., Marques-Rodrigues, P., Fregona, G., et al. (2018) Sex and Age Differ-

ences in Mycobacterium tuberculosis Infection in Brazil. Epidemiology and Infection, 146, 1503-1510.
https://doi.org/10.1017/s0950268818001450

AR LR A SRS A ) LEE il 2 SR AR MPIE KL Se 46 52 W b [ B 38R 0], ARG R
7k, 2019, 42(7): 507-513.

RRZ, EWIE, HIGHR, 5. DOEBCREBIH AN S5 5 2 Wi E D] RS2l 5677 23
2023, 37(4): 337-340.

TR, RIR, w5 S R A R BOR AR R 2 SR P S W T B SE R LD, e PR R 24 SR,
2023, 32(11): 803-804.

S

DOI: 10.12677/acm.2026.162361 59 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.162361
https://doi.org/10.1016/s1473-3099(22)00445-5
https://doi.org/10.1002/jmv.28153
https://doi.org/10.1016/s1473-3099(22)00510-2
https://doi.org/10.1186/s41479-020-00066-3
https://doi.org/10.1016/s2666-5247(23)00031-9
https://doi.org/10.3389/fimmu.2019.01524
https://doi.org/10.1186/s13568-023-01557-4
https://doi.org/10.1017/s0950268818001450

WEEL E

[24] FBEREA, T, #0088, . EERA AT BRI @i 1t 5 AR A A AT R G B 2 WA B T [T]. AR
TR B AR, 2024, 45(5): 457-462, 480.

[25] WkZeH, shiefh, BB R, 5. %55 H AP AR 8/ W A5 e W (B[], R E BB 2k &, 2023,
45(3): 292-296.

DOI: 10.12677/acm.2026.162361 60 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.162361

	宏基因组二代测序对下呼吸道感染分枝杆菌的诊断和鉴别诊断价值
	摘  要
	关键词
	The Diagnostic and Differential Diagnostic Value of Metagenomic Next-Generation Sequencing for Mycobacterial Infections in the Lower Respiratory Tract
	Abstract
	Keywords
	1. 引言
	2. 资料与方法
	2.1. 研究对象
	2.2. 方法
	2.2.1. BALF的采集
	2.2.2. 检测方法
	2.2.3. 统计学分析


	3. 结果
	3.1. 分枝杆菌总检出情况
	3.2. 分枝杆菌在不同性别中的检出情况
	3.3. 不同年龄组分枝杆菌检出情况
	3.4. 分枝杆菌合并其他致病菌检出情况

	4. 讨论
	基金项目
	参考文献

