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Introduction

Bronchoscopic examinations are essential for diagnosing 
many thoracic diseases. Various gene alterations have been 
reported in lung cancer, and gene mutations and fusion 

genes can be detected by collecting lung tissue samples 

via bronchoscopy (1). However, as coughing is triggered 

during and after bronchoscopy, it is imperative to take 

measures against nosocomial infections, especially for 
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airborne infections like tuberculosis (TB), measles, and 
chickenpox. TB remains a leading disease worldwide, 
with approximately 10 million cases reported annually (2).  
It is easy to diagnose patients with TB by examining the 
sputum before bronchoscopy when they present with typical 
symptoms and imaging findings. However, there are other 
disorders presenting with similar clinical and imaging 
findings, including lung abscesses, mycoses, nontuberculous 
Mycobacteria, and malignancies, although they can occur 
concomitantly in some cases (3). Thus, bronchoscopy is 
needed to differentiate these diseases, especially among 
patients who have scanty or no sputum production. Notably, 
bronchoscopy has been reported to correlate with a 20-
fold elevated risk of TB dissemination before and after the 
procedure (4). Because lung TB is a stigmatized disease, it is 
important to prevent TB dissemination during bronchoscopic 
examination. Bronchoscopy is ideally performed while using 
personal protective equipment, including an N95 mask, 
designed to achieve a very close facial fit and very efficient 
filtration of airborne particles. However, N95 masks are 
in finite supply. Thus, these high-efficiency masks should 
be used only for potential cases of airborne infection on 
bronchoscopy and the ability to stratify patients before 
bronchoscopy is important for making this decision.

Infection with Mycobacterium tuberculosis (MTB) has two 
different states: active and latent. To evaluate the infection 
status of TB, the Interferon (IFN)-γ release assay (IGRA) 
has recently replaced the traditional tuberculin skin test (5). 
A positive IGRA result implies an existing TB infection, 
but does not distinguish the two states (6). Latent TB 
infection (LTBI) is defined as a positive IGRA result with 
no evidence of MTB in the smear and culture, regardless of 
parenchymal abnormalities (7). Recent research has elucidated 
the diversity of TB by demonstrating heterogeneity in the 
host, granuloma composition, and causative bacteria (8). 
LTBI can vary extensively from an entirely inactive state 
to a nearly active state. Some studies have identified that 
recent immigrants from high-prevalence countries, drug 
users, nursing home residents, and homeless people are at 
high risk of TB morbidity (9). Other studies have reported 
individual susceptibility factors for the increased probability 
of active disease from LTBI (10,11), including close contact 
with patients with TB, human immunodeficiency virus (HIV) 
infection, pulmonary parenchymal abnormalities, young or 
advanced age, smoking, weight loss, post gastrectomy, chronic 
renal failure, malignancies, poorly controlled diabetes, 
moderate dose of corticosteroids (≥15 mg of prednisone per 
day), and immunosuppressive therapy, including TNF-α 

inhibitors. Currently, the only way to predict active TB before 
bronchoscopy is an intensive checkup using a chest X-ray 
or computed tomography scan, but even this is not always 
accurate. Several studies indicate that certain combined risk 
factors increase the likelihood of active TB when a positive 
IGRA is returned (3,12). The present study is the first to 
investigate the efficacy of combining IGRA with clinical risk 
factors before bronchoscopy to estimate active TB.

Methods

Population and data collection

A cross-sectional study was conducted to investigate the 
efficacy of IGRA combined with clinical risk factors to 
estimate active TB before bronchoscopy at the Showa 
University Fujigaoka Hospital from January 2016 to 
March 2017. Patients undergoing bronchoscopy were 
included in the study. Patients were excluded if they had 
been diagnosed with active TB before bronchoscopic 
examination. We identified 205 inpatients, all of whom were 
on-time bronchoscopy. All clinical data were collected from 
the patients’ medical records on the day of bronchoscopy. 
Tobacco consumption was represented as pack-years, which 
is calculated by multiplying the number of packs of tobacco 
smoked per day by the number of years the person has 
smoked. The presence of several malignant diseases is a 
well-established risk factor for developing active TB (13).  
Although hematological,  head and neck, and lung 
malignancies correlate with a high rate of developing TB, 
breast, gynecological, gastroenterological, urological, and 
thyroid cancers are independent of the disease. The current 
study was limited to hematological, head and neck, and 
lung malignancies. The estimated glomerular filtration rate 
(eGFR) of each participant was calculated using the following 
formula: eGFR (mL/min/1.73 m2) = 194 × serum creatinine 
−1.094 × age −0.287 × 0.739 (if female) (14). This study was 
carried out in accordance with the guidelines of the Helsinki 
Declaration (as revised in 2013). This study protocol was 
approved by the Institutional Ethics Committee of Showa 
University (approval no. F2019C11). The requirement for 
obtaining informed consent from the patients was waived 
because of the retrospective nature of this study. 

IGRA testing

A QuantiFERON-TB Gold In-Tube (QFT-GIT; Cellestis Inc., 
Valencia, CA, USA) test was performed as per the manufacturer’s 
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guidelines. A QFT-GIT test is composed of three tubes: 
negative control, mitogen (positive control), and TB antigens. 
The concentration of IFN-γ in each tube was measured by 
enzyme-linked immunosorbent assay. Test results were reported 
as positive (IFN-γ for TB antigens minus negative control  
≥0.35 IU/mL) or negative. Cases where the mitogen minus 
negative control was <0.5 IU/mL or the negative control was  
>8 IU/mL were excluded as indeterminate. All QFT-GIT 
results were available before bronchoscopy.

Bronchoscopic procedure—derived clinical isolates

We collected samples for MTB culture by scraping the site 
of the primary lesion with a curette or a brush, followed by 
flushing with 5 mL of saline. These lavage fluids were cultured 
in Mycobacteria growth indicator tubes and 2% Ogawa solid 
medium. Active TB was defined by a positive MTB culture.

Statistical analysis

Fisher’s exact test was used for univariate analysis of the 
association between two categorical variables. We evaluated 
the adjusted effects of multiple variables on active TB using 
a logistic regression model and presented the findings as an 
odds ratio (OR) with a 95% confidence interval (CI). P<0.05 
was considered statistically significant. Multiple variables 
were then converted into a decision tree to estimate active 
TB. All statistical analyses were performed using JMP 13.0 
software (SAS Institute, Cary, NC, USA).

Results

Patients’ characteristics

We enrolled 205 inpatients, all of whom were Japanese 

with no close contact with patients with active TB within 
at least a decade. No HIV antibody test was performed. 
The study cohort included no immigrants, drug users, 
or homeless people. Of the 205 patients, we excluded  
60 because no IGRA results were available. IGRA results 
were obtained from 145 (70.7%); of these, we excluded 
9 because of indeterminate IGRA results. Ultimately, 
136 patients (58 males, 78 females; age at diagnosis:  
28–96 years old) were statistically analyzed (Figure 1). 
Table 1 summarizes the patients’ characteristics. Of the 
136 patients, 22 (16.2%) had diabetes mellitus, which was 
controlled within 7% hemoglobin A1c (HbA1c) in all cases, 
and 8 were receiving corticosteroid (less than 15 mg/day  
of prednisolone) for various indications. None of the 
patients were on any other immunosuppressants. Of the 
136 patients, 36 (26.5%) had renal failure (defined as eGFR 
<60 mL/min/1.73 m2) and 77 (56.6%) had malignancies 
including lymphoma, pharyngeal cancer, laryngeal cancer, 
non-small-cell lung carcinoma (NSCLC), small-cell lung 
carcinoma (SCLC), and metastatic lung cancer. A positive 
MTB culture (active TB) was found in 5 patients (3.7%), 2 
of whom were diagnosed with NSCLC and SCLC; of these, 
80% (4 out of 5) had positive IGRA results (Table 2). 

Multivariate analysis of the IGRA status and clinical 
features

In univariate analyses, the difference in active TB rates 
between positive IGRA (4 of 18; 22%) and negative IGRA 
(1 of 118; 0.8%) was especially evident (P=0.001). However, 
there was no significant association of active TB with age, 
gender, body mass index (BMI), smoking history, post 
gastrectomy, diabetes mellitus, malignancies, and renal 
function (Table S1). Table 3 presents the logistic regression 

205 inpatients performed a 

bronchoscopic examination

145 examined for the IGRA

136 analyzed statistically

60 unexamined for the IGRA

9 indeterminate for IGRA

Figure 1 Recruitment flowchart of the study cohort. 
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models of factors relating to active TB on bronchoscopic 
examination. We used multivariate logistic regression 
models to control for the potential confounding effects of 
variables like age, gender, BMI, IGRA, tobacco consumption 
(pack-years), post gastrectomy, malignancies, and eGFR. 
TB prevalence correlated with IGRA result (OR for positive 
versus negative result: 72.7; 95% CI: 3.169–1668; P=0.007). 
When the IGRA result was combined with elevated eGFR 
per one-unit, the TB prevalence declined markedly (OR: 
0.937; 95% CI: 0.882–0.996; P=0.038). Conversely, age 
(P=0.408), gender (P=0.613), BMI (P=0.804), tobacco 

Table 1 Clinical characteristics of patients undergoing 
bronchoscopy

Characteristics Total N=136

Age, years

Mean 69.2

Standard deviation ±12.4

Gender, n (%)

Female 58 (42.6)

Male 78 (57.4)

BMI (kg/m2)

Mean 21.2

Standard deviation ±3.8

IGRA, n (%)

Positive 18 (13.2)

Negative 118 (86.8)

Tobacco consumption (pack-years), n (%)

0 48 (35.6)

1–50 65 (48.1)

51–100 17 (12.6)

>100 5 (3.7)

Post gastrectomy, n (%)

Yes 5 (3.7)

No 131 (96.3)

Diabetes mellitus, n (%)

Yes 22 (16.2)

No 114 (83.8)

Receiving moderate dose of 
corticosteroidsa, n (%)

Yes 0 (0.0)

No 136 (100.0)

Receiving immunosuppressants, n (%)

Yes 0 (0.0)

No 136 (100.0)

Malignanciesb, n (%)

Yes 77 (56.6)

No 59 (43.4)

Table 1 (continued)

Table 1 (continued)

Characteristics Total N=136

eGFR (mL/min/1.73 m2)

Mean 72.4

Standard deviation 21.3

Diagnosis, n (%)

NSCLCc 60 (44.1)

Nonspecific parenchymal lesionsd 12 (8.8)

Idiopathic interstitial pneumonia 9 (6.6)

NTM 13 (9.5)

SCLCe 9 (6.6)

Sarcoidosis 6 (4.4)

Rheumatoid arthritis 4 (3.0)

Drug-induced pneumonia 4 (3.0)

Metastatic lung tumor 3 (2.2)

Lung abscess 1 (0.7)

TB 3 (2.2)

Lymphoma 2 (1.5)

Hypersensitivity pneumonia 2 (1.5)

Others 8 (5.9)
a, more than 15 mg of prednisone per day; b, consisting 
of hematologic, head and neck, and lung malignancies; c, 
including one patient in combination with TB; d, including 
infiltrates, fibrotic scars, and nodules; e, including one patient 
in combination with TB. BMI, body mass index; IGRA, 
interferon-γ release assay; eGFR, estimated glomerular 
filtration rate; NSCLC, non-small-cell lung carcinoma; 
NTM, nontuberculous mycobacteria; SCLC, small-cell lung 
carcinoma; TB, tuberculosis.
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consumption (P=0.825), post gastrectomy (P=0.512), and 
malignancies (P=0.733) were not significantly related to TB 
prevalence.

Decision tree for predicting active TB

We predicted active TB presence in patients undergoing 
bronchoscopy using a decision tree (Figure 2). Of the 
136 patients, 18 had a positive IGRA result, and of these 
patients, 9 had eGFR <69.3 mL/min/1.73 m2 and were 
taken as probable TB cases. The value was determined 
automatically by the decision tree. Out of the 9 probable 
cases, 4 patients had active TB on culture results. There 
were no false negative predictions.

Discussion

Owing to the coughing stimulation during and after 

bronchoscopy, measures to control nosocomial infections 
are recommended. For the dissemination of TB, the 
incidence and duration of coughing may be more crucial 
than cumulative exposure time to patients with TB (5). 
In addition, the risk of dissemination during and after 
bronchoscopy could reach up to 20 times compared 
with no intervention (4). An IGRA result alone cannot 
determine which individuals will develop TB (6). In this 
study, we investigated the efficacy of combining IGRA with 
clinical findings to predict the presence of TB in patients 
undergoing bronchoscopy. Five patients were diagnosed 
with active TB, and multivariate analysis suggested that 
low eGFR and positive IGRA result markedly correlated 
with active TB. Moreover, a decision tree validated the 
use of these two variables to uncover probable active TB. 
Therefore, the results from two different statistical analyses 
were analogous. Our study suggests that as well as IGRA, 
renal function should be considered, especially for patients 

Table 2 Clinical characteristics of patients with culture-positive TB

No.
Age, 
years

Gender
BMI  

(kg/m2)
IGRA

Tobacco consumption 
(pack-years)

Post 
gastrectomy

Malignanciesa eGFR (mL/min/1.73 m2)

Case 1 59 Male 21.7 Positive 30 No No 62.8

Case 2 88 Female 16.8 Positive 0 No No 50.7

Case 3 67 Male 22.9 Positive 46 No No 68.4

Case 4 73 Male 25.3 Positive 30 No Yes (NSCLC) 36.3

Case 5 70 Male 20.1 Negative 34 Yes Yes (SCLC) 58.5
a, consisting of hematologic, head and neck, and lung malignancies. TB, tuberculosis; BMI, body mass index; IGRA, interferon-γ release 
assay; eGFR, estimated glomerular filtration rate; NSCLC, non-small-cell lung carcinoma; SCLC, small-cell lung carcinoma.

Table 3 Logistic regression models of active TB on bronchoscopic examination

Characteristic Category OR 95% CI P

Age 0.943 0.821–1.083 0.408

Gender Male/female 2.423 0.079–74.57 0.613

BMI (kg/m2) 0.952 0.647–1.402 0.804

IGRA Positive/negative 72.700 3.169–1668 0.007*

Tobacco consumption (pack-years) 0.993 0.93–1.059 0.825

Post gastrectomy Yes/no 3.180 0.01–101.1 0.512

Malignanciesa Yes/no 1.610 0.104–24.82 0.733

eGFR (mL/min/1.73 m2) 0.937 0.882–0.996 0.038*
a, consisting of hematologic, head and neck, and lung malignancies. *, P<0.05 was considered significant. TB, tuberculosis; OR, odds 
ratio; CI, confidence interval; BMI, body mass index; IGRA, interferon-γ release assay; eGFR, estimated glomerular filtration rate.
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requiring bronchoscopy. Age, gender, BMI, tobacco 
consumption, post gastrectomy, and malignancies did not 
markedly correlate with active TB. 

HIV infection is reportedly the most potent risk factor for 
developing active TB (10). However, the HIV infection rate 
in people aged 60 and above reached up to 5% in Japan (15),  
and according to a national survey, the HIV infection 
rate in patients with TB in 2017 was only 0.44% (2). 
Although we did not perform an HIV antibody test in 
this study, 80.9% (110 out of 136) of our patients were 
above 60 years of age. Hence, the HIV infection status was 
unlikely to exert a substantial impact on the estimation 
of TB presence in this study. Radiographic findings 
suggestive of a TB history are also a common risk factor 
for TB progression (10,11). Specifically, fibronodular 
changes correlate with a markedly higher risk of TB 
reactivation (16). Moreover, common abnormalities 
such as infiltrates, fibrotic scars, and nodules with or 
without calcification correlate with TB reactivation (17).  
As patients requiring bronchoscopy normally harbor some 
lung parenchymal involvement for investigation, we did not 
include radiological factors in this study. In some studies, 
poorly controlled diabetes has been proposed as a clinical 
risk factor for TB development (10,11), but in this study, no 
diabetic patient had an HbA1c >7%, and we had no obese 
diabetic patients (as defined by BMI >30 kg/m2). Hence, we 
did not include diabetes mellitus in the multivariate analysis 
in this study.

There is up to a 10% lifetime chance of TB reactivation (18),  

but the majority of individuals are clinically silent their 
entire lives. It is not yet clear why only a few patients 
develop active disease regardless of their immunological 
status. It has been reported in several studies that genetic 
factors affect TB outcome (19-21). Although environmental 
factors appear to contribute more than hereditary factors to 
TB progression, polygenic alterations may be related to the 
increased susceptibility or resistance to TB. In particular, 
the IFN signature correlates with active TB. Immunity 
dependent on IFN-γ, also called type II IFN, is crucial 
for protecting against TB, whereas type I IFN promotes 
TB infections by inhibiting IL-1β (22). In addition, the 
upregulation of type I IFN before TB infection correlates 
with poor infection outcome (23), suggesting inherent 
genetic differences in the immune response to infectious 
diseases. However, in a recent study, a protective role for 
type I IFN was suggested in active TB where no IFN-	
 signaling was seen (24). Hence, the IFN interaction 
between type I and type II plays a pivotal role in TB 
infection. As IFN-γ levels are affected by renal dysfunction 
(25,26), a decline in eGFR could modify the individual 
susceptibility to TB infection in each immune status on 
the basis of genetic differences through a process of IFN 
transcription.

In this study, IGRA was positive in 18 patients, including 
4 active TB and 14 LTBI patients. It should be noted that 
some clinical factors increase the probability of active 
disease developing from LTBI, and there is a subset of 
clinically defined LTBI, subclinical TB, which is a source 

136 patients

IGRA

eGFR

Probable tuberculosis

118 Negative18 Positive

9 not less than 69.39 fewer than 69.3

Figure 2 Decision tree for the IGRA and clinical findings to estimate tuberculosis presence in patients undergoing bronchoscopy. 
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of TB dissemination. The significance of preventive 
treatment of high-risk LTBI patients is highly publicized 
(10,11). Administration of isoniazid, rifampicin, or both is 
beneficial for preventing the progression to active disease. 
Thus, preventive anti-TB treatment may be desirable in 
a subset of patients requiring bronchoscopy. In contrast, 
transcriptional activation similar to that in active TB has 
been reported in up to 20% of patients with LTBI who can 
develop active disease (19). In fact, TB reactivation from 
LTBI can occur despite preventive therapy. Thus, a new 
preventive strategy is warranted. Although vaccination is 
considered an alternative therapy, the efficacy of Bacillus 
Calmette-Guérin, the only available vaccine, is limited 
only to infancy or school age, but not adulthood (27). New 
TB vaccines have recently been developed against LTBI in 
adolescents and adults (28,29), and vaccine therapy might 
replace preventive chemotherapy in LTBI in the future.

Conclusions

Bronchoscopy is extensively used for diagnosing pulmonary 
diseases. However, it is very important to prevent airborne 
infections during and after the procedure. This study 
investigates the prediction of active TB by using IGRA 
and eGFR results in patients undergoing bronchoscopy. 
The proposed strategy could identify patients who require 
antibiotic therapy for the prevention of TB or are in the 
active phase of TB. How renal dysfunction correlates with 
various transcriptional mechanisms in TB progression 
remains unclear. Hence, comprehensive clinical studies are 
warranted to extend the findings of this study.
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Table S1 Association of each variable with active TB on bronchoscopic examination

Characteristics Number
Active TB

Positive No. (%) P value

Age, years 1

≥65 99 4 (4.0)

<65 37 1 (2.7)

Gender 0.393

Female 58 1 (1.7)

Male 78 4 (5.1)

BMI (kg/m2) 0.535

≥25 19 1 (5.3)

<25 117 4 (3.4)

IGRA 0.001

Positive 18 4 (22)

Negative 118 1 (0.8)

Smoking history 0.656

Ever 88 4 (4.5)

Never 48 1 (2.1)

Post gastrectomy 0.173

Yes 5 1 (20)

No 131 4 (3.1)

Diabetes mellitus 1

Yes 22 1 (4.5)

No 114 4 (3.1)

Malignancies 0.652

Yes 77 2 (2.6)

No 59 3 (5.1)

eGFR (mL/min/1.73 m2) 0.116

≥60 100 2 (2.0)

<60 36 3 (8.3)

TB, tuberculosis; IGRA, interferon-γ release assay; eGFR, estimated glomerular filtration rate.
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