Int J Clin Exp Med 2020;13(10):8027-8032
www.ijcem.com /ISSN:1940-5901/IJCEM0115173

Original Article
Evaluation of assays on bronchoalveolar lavage fluid
in early diagnosis of pulmonary tuberculosis
Na Ye1, Teer Ba2, Yongli Yang1, Faman Yang1, Yuanjun Wang1, Mei Qi1, Xiaolong Ye1, Yiqing Luo3
General Practice, Affiliated Hospital of Qinghai University, Xining 811600, Qinghai Province, China; 2General Practice, People’s Hospital of Haixi, Delingha 817000, Qinghai Province, China; 3Ophthalmology Department, Affiliated
Hospital of Qinghai University, Xining 811600, Qinghai Province, China
1

Received May 28, 2020; Accepted July 22, 2020; Epub October 15, 2020; Published October 30, 2020
Abstract: Objective: To explore the performance of different determination assays on bronchoalveolar lavage fluid
(BALF) in the early diagnosis of pulmonary tuberculosis. Methods: From July 2017 to June 2019, 120 patients with
pulmonary tuberculosis (including 60 cases of sputum smear-negative and 60 cases of sputum smear-positive)
treated in our hospital and 60 patients with nontuberculous mycobacterial (NTM) pulmonary disease were enrolled.
All patients underwent bronchoscopy, and BALF of all patients was tested by smear method for acid-fast bacilli, colloidal gold method for tuberculosis antibodies and fluorescent quantitative PCR (FQ-PCR) method for tuberculosis
DNA. The diagnostic results were used as the gold standard to compare the diagnostic efficacy of different detection
methods and record the occurrence of adverse reactions. Results: The sensitivity, specificity, and accuracy of FQPCR and culture method in diagnosis of tuberculosis were significantly higher than those of colloidal gold method
and smear method (P<0.05). The sensitivity, specificity and accuracy of colloidal gold method + smear method
were significantly lower than those of FQ-PCR + culture method, FQ-PCR + colloidal gold method, FQ-PCR + smear
method, culture method + colloidal gold method, and culture method + smear method, respectively (P<0.05),
of which FQ-PCR + culture method had the highest sensitivity of 98.33%, specificity of 90.00%, and accuracy of
94.17%, respectively. Conclusion: FQ-PCR method and culture method are helpful to determine the condition of
patients with tuberculosis in the early stage, and the combination of the two detection methods can help improve
the early diagnosis rate of tuberculosis.
Keywords: Tuberculosis, early diagnosis, alveolar lavage fluid, smear method, colloidal gold method, fluorescence
quantification, bacterial culture

Introduction
Pulmonary tuberculosis is a clinically common
chronic infectious disease caused by Mycobacterium tuberculosis, which can invade multiple organs and mainly attack the lungs. If not
treated in time, it will damage the patient’s
respiratory system, leading to life-threatening
[1]. Currently, there are various methods for
clinical detection of Mycobacterium tuberculosis, but all of them are based on bacteriology.
Among them, the positive rate of smear detection for Mycobacterium tuberculosis is low, and
the bacterial culture method takes a long time.
Meanwhile, the false positive rate of polymerase chain reaction (PCR) detection was also
very high, leading to clinical misdiagnosis and

failure in timely diagnosis of tuberculosis [2-4].
Therefore, it is of great clinical significance to
actively search for a rapid and efficient diagnostic scheme for patients with pulmonary
tuberculosis. In recent years, with the continuous progress of medical technology, the fiberoptic bronchoscopy has been widely used in
the diagnosis and treatment of some diseases. Through the fiber bronchial examination, the
bronchoalveolar lavage fluid (BALF) was obtained to determine the specimen concentration
of Mycobacterium tuberculosis [5-8]. In this study, smear method, colloidal gold method, cultured method and fluorescent quantitative PCR
(FQ-PCR) method were used to detect BALF of
all the subjects, and the detection results of
different detection methods were compared,
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aiming to provide reference for clinical diagnosis of tuberculosis more accurately.
Materials and methods
Baseline data
From July 2017 to June 2019, 120 patients
with pulmonary tuberculosis (including 60 cases of sputum smear-negative and 60 cases of
sputum smear-positive) treated in our hospital
and 60 patients with nontuberculous mycobacterial (NTM) pulmonary disease were enrolled
as the subjects of the study. All patients with
pulmonary tuberculosis met the standards of
“Guidelines for the Diagnosis and Treatment of
Tuberculosis” [9]. Patients who had previously
received antituberculosis treatment, or those
who had previously received antituberculosis
treatment before admission, or those who were infected with HIV, or those who had blood
transfusion 1 week before admission were excluded. This study has been approved by the
Ethics Committee of Affiliated Hospital of Qinghai University. All study participants provided
written informed consent before participating
in the study.
Methods
All patients underwent bronchoscopy. According to the results of chest CT or chest radiograph, the affected bronchopulmonary segments were lavaged, that is, 10-20 mL of saline
was infused into the corresponding bronchopulmonary segments through fiberoptic bronchoscopy. BALF was collected into a sterile
bottle with negative pressure. 20 mL of BALF
should be collected for lab testing. (1) Smear
method and culture method: After all BALF
specimens were processed in Roche Culture
Tube, the detection was carried out in strict
accordance with standardized procedures. (2)
Colloidal gold method: After all BALF specimens
were processed, the inspection should be carried out in strict accordance with the standardized procedures of Tuberculosis Bacteriology
in China. (3) Real-time fluorescence PCR: 1-1.5
mL of BALF was added to a centrifuge, centrifuged at 12000 r/min for 5 min. The supernatant was discarded, and then 1 mL of sterile
saline was added and shaken thoroughly to ensure mixing. Subsequently, the tube was centrifuged at 12000 r/min for 5 min. The superna-
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tant was discarded again, and then 0.5 μL of
DNA extract was added to the precipitate for
thorough shaking. The tube was stored in a
100°C thermostat for 10 min, and then put in
a 4°C refrigerator for cooling. After the temperature reached room temperature, the tube was
centrifuged at 12000 r/min for 5 min. 2 μL of
supernatant was added to the PCR reaction
tube, centrifuged at 8000 r/min for 20 s, and
then placed on the PCR instrument. The amplification was performed with the following conditions: 93°C, 2 min pre-denaturation; 10 cycles
of 93°C, 45 s, 55°C, 60 s; 30 cycles of 93°C,
45 s, and 55°C, 120 s. After the completion of
PCR reaction, the relative expression was detected by fluorescence; the minimum sensitivity was obtained from 50 copies.
Observation outcomes
The results of different assays for Mycobacterium tuberculosis were compared and the
adverse reactions were recorded in all patients.
Statistical analysis
SPSS 20.0 was used for data processing. The
count data were expressed as a percentage
and compared using χ2 test. P<0.05 was considered statistically significant.
Results
General information
Among the 120 pulmonary tuberculosis patients, there were 65 males and 55 females,
aged 23-75 years, with the average age of
(58.73±12.66) years. NTM pulmonary disease
patients included 32 males and 28 females,
aged 22-77 years, with the average age of
(58.35±11.80) years. There were 23 cases of
pulmonary inflammation, 17 cases of bronchial
foreign body, 13 cases of bronchiectasis, and
7 cases of lung cancer. There was no significant
difference in gender and age between pulmonary tuberculosis patients and NTM pulmonary
disease patients (P>0.05), which was comparable.
Comparison of the positive rate of single detection method
The positive rates of FQ-PCR, culture method,
colloidal gold method and smear method were
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Table 1. FQ-PCR diagnosis results (n)
FQ-PCR
Clinical diagnosis
results
Positive Negative Total

Culture method

Colloidal gold method

Smear method

Positive Negative Total

Positive Negative Total

Positive Negative Total

Tuberculosis

55

5

60

54

6

60

31

29

60

9

52

Non-tuberculosis

10

50

60

22

38

60

40

20

60

45

15

60

Total

64

56

120

76

44

120

70

50

120

53

67

120

Table 2. FQ-PCR + culture methods (n)
FQ-PCR + culture
method
Positive
Negative
Total

Clinical diagnosis results
Tuberculosis Non-tuberculosis
59
6
1
54
60
60

Total
65
55
120

Table 3. FQ-PCR + colloidal gold diagnosis results (n)
Clinical diagnosis results
FQ-PCR + colloidal
gold method
Tuberculosis Non-tuberculosis
Positive
57
12
Negative
3
48
Total
60
60

Total
69
51
120

Table 4. FQ-PCR + smear diagnosis results (n)
FQ-PCR + smear
method
Positive
Negative
Total

Clinical diagnosis results
Tuberculosis Non-tuberculosis
55
14
5
46
60
60

Total
69
51
120

Table 5. Diagnostic results of culture method + colloidal gold method (n)
Clinical diagnosis results
Culture method +
Total
colloidal gold method Tuberculosis Non-tuberculosis
Positive
56
15
71
Negative
4
45
49
Total
60
60
120

91.7%, 90.0%, 51.7%, and 16.7%, respectively.
The difference among them was statistically
significant (P<0.05, Table 1).
Comparison of the positive rate of two combined detection methods
The positive rates of FQ-PCR + culture method, FQ-PCR + colloidal gold method, FQ-PCR +
smear method, culture method + colloidal gold
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60

method, culture method + smear method,
and colloidal gold method + smear method
were 98.3%, 95.0%, 91.7%, 90.0%, 91.7%
and 65.0%, respectively. Among them,
the positive rate of colloidal gold + smear
methods was significantly lower than that of other combined detection methods
(P<0.05, Tables 2-7).
Comparison of diagnostic efficiency of
single detection method
The sensitivity, specificity and accuracy of
FQ-PCR + culture method were significantly higher than those of colloidal gold method + smear method (P<0.05), which was
suggested that FQ-PCR + culture method
showed high diagnostic efficiency in terms of sensitivity, specificity and accuracy
in the diagnosis of pulmonary tuberculosis
(Figure 1).
Comparison of diagnostic efficiency of the
two combined methods
The sensitivity, specificity and accuracy
of colloidal gold method + smear method
were significantly lower than those of FQPCR + culture method, FQ-PCR + colloidal gold method, FQ-PCR + smear method, culture method + colloidal gold method, culture method + smear method in
the diagnosis of pulmonary tuberculosis
(P<0.05), of which FQ-PCR + culture method exhibited the best diagnostic efficiency (Figure 1).
The incidence of adverse reactions
None of the subjects had serious adverse
reactions during the examination. There were
46 cases with a small amount of bloody sputum, 34 cases with mild eye discomfort, and
2 cases with moderate fever after surgery. No
special treatment was given and patients recovered spontaneously after 1-3 days (Table
8).
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oscopy for examination, BALF can be
obtainedinthebronchoalveolar,andthedetection of BALF can improve the detection of
Clinical diagnosis results
Culture method +
Total
pathogenic bacteria. The incidence rate
smear method
Tuberculosis Non-tuberculosis
and the pollution rate are low. This methPositive
55
15
70
od can also be used in all patients withNegative
5
45
50
out sputum [17]. Clinical assays of BALF
Total
60
60
120
include smear, culture, PCR, enzymology,
etc. Among them, PCR detection is significantly more sensitive than smear, culTable 7. Diagnostic results of colloidal gold method +
ture, and bacterial collection methods
smear method (n)
[18]. The results of this study showed thClinical diagnosis results
Colloidal gold method
at the sensitivity, specificity, and accuracy
Total
+ smear method
Tuberculosis Non-tuberculosis
of FQ-PCR and culture methods were sigPositive
39
26
65
nificantly higher than those of colloidal
gold method and smear method in the
Negative
21
34
55
diagnosis of pulmonary tuberculosis. CoTotal
60
60
120
lloidal gold method + smear method showed lower sensitivity, specificity, and acDiscussion
curacy than those of FQ-PCR + culture method, FQ-PCR + colloidal gold method, FQPatients do not develop symptoms immediaPCR + smear method, and culture method +
tely after being infected with tuberculosis basmear method. There were no serious adverse
cteria. Tuberculosis bacteria can lurk in the
reactions in alveolar lavage and bronchoscohuman body. The symptoms occur only when
py. It demonstrated that the detection of BALF
the body’s immune function is low or the cellby FQ-PCR and culture method is helpful to
mediated allergic reaction is intensified. Most
determine the early condition of patients with
patients can be cured [10]. At present, bactetuberculosis, and the combination of the two
riological test is still the main detection medetection methods is conductive to improving
thod for the clinical diagnosis of tuberculosis,
the early diagnosis rate of tuberculosis. In recent years, advances in molecular biology teincluding smear method, acid-fast staining mechnology have brought about FQ-PCR techthod, and culture method [11, 12]. The smear
nology. Since the entire process can be done
acid-fast staining method is fast, simple and
within a closed tube, it is possible to prevent
economical, but its diagnostic sensitivity is
the pollution caused by amplification products.
low, and the clinical detection rate is only abBy using specific probes for real-time detecout 35%. At the same time, it is impossible to
tion, fast, simple, accurate and specific detecaccurately distinguish Mycobacterium tubercution is truly achieved [19-21]. Therefore, FQlosis and non-tuberculous mycobacteria. The
PCR is very sensitive and can detect 10 codiagnostic specificity is also low [13]. At prespies of Mycobacterium tuberculosis genomic
ent, the culture method is still the gold stanDNA.
Relevant studies have pointed out that
dard for clinical diagnosis of tuberculosis, and
[22, 23] the positive rate of FQ-PCR in patients
its positive detection rate is relatively high.
with active pulmonary tuberculosis was as
However, due to its longer detection time, it
high as 60%, which was higher than that of
usually takes 4-8 weeks, and rapid training alsputum smear method and modified Roche
so takes 2 weeks, which cannot help patients
culture method. Some studies have also indidiagnose their condition timely, and can easily
cated that [24] FQ-PCR was used to detect
delay treatment and even lead to disease protuberculosis DNA in BALF, and the positive ragression [14-16].
te was as high as 65%, which was significantly
higher than that (6%) of sputum culture and
In recent years, the popularization of fiberoptic
sputum smear methods. Therefore, many schbronchoscopy has provided great convenience
olars believe that the FQ-PCR is a genetic test
for the clinical diagnosis and treatment of pulwith the advantages of high specificity and
monary tuberculosis. Using fiberoptic bronchTable 6. Diagnosis results of culture method + smear
method (n)
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Figure 1. Comparison of the diagnostic efficacy of different detection methods for Mycobacterium tuberculosis.
Note: Compared with smear method, #P<0.05; compared with colloidal gold method, *P<0.05; compared with colloidal gold method + smear method, &P<0.05.

Table 8. Incidence of adverse reactions in
patients (n)
Type
A small amount of bloody sputum
Mild eye discomfort
Moderate fever

Case
46
34
2

Incidence
(%)
25.56
18.89
1.11

sensitivity, especially in the diagnosis of BALF
in atypical tuberculosis patients with dry cough,
no sputum and sputum smear-negative, showing high diagnostic value [25]. At present, it is
clinically accepted that the detection of BALF is
a safe method with fewer adverse reactions
than open lung biopsy, and there have been
no reports of clinical deaths caused by BALF
detection.
In summary, FQ-PCR and culture method on
BALF are helpful to determine the condition of
patients with pulmonary tuberculosis in the
early stage, and the combination of the two
detection methods improves the early diagnosis rate of tuberculosis.
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