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Abstract:
Objective Although rare, pulmonary tuberculosis occasionally develops in patients with interstitial pneumo-

nia (IP). In this study, we aimed to evaluate the clinicoradiological features of pulmonary tuberculosis associ-

ated with IP.

Methods In this retrospective, observational, single-center study, the medical charts, high-resolution com-

puted tomography (HRCT) findings, and bacteriological test results of patients with IP who also tested posi-

tive for Mycobacterium tuberculosis were reviewed.

Patients The study included 20 patients with IP out of 329 who tested positive for M. tuberculosis in spu-

tum or bronchoalveolar lavage fluid cultures at Toranomon Hospital between January 2006 and December

2017.

Results The HRCT patterns were usual interstitial pneumonia (UIP) in 11 patients and non-UIP in 9 pa-

tients. Consolidations (80%) were the most frequent HRCT findings, followed by cavities (60%) and nodules

(45%), which are generally characteristic of pulmonary tuberculosis. Consolidations often developed in rela-

tion to fibrotic or emphysematous lesions. Tuberculosis lesions could not be identified in one patient. All pa-

tients were treated with anti-tuberculosis drugs according to WHO guidelines, and 13 patients achieved a

WHO category of “Treatment success.” No patient died of tuberculosis, and the median survival time for the

20 patients was 1,196 days.

Conclusion Although the HRCT findings for pulmonary tuberculosis associated with IP are atypical, appro-

priate tuberculosis treatments can lead to favorable outcomes.
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Introduction

Interstitial pneumonia (IP) is a chronic, progressive fibros-

ing lung disease that manifests as non-segmental shadows in

the lungs on high-resolution computed tomography

(HRCT) (1). Pulmonary tuberculosis (TB) is a common

cause of chronic lung infections worldwide (2) and is

known to occasionally develop in patients with IP (3-5).

Several studies of patients with IP have reported a positive

culture rate for TB of 4.4-6.2% (3-5), which is 4- to 5-fold

higher than that for the general population.

The typical HRCT findings of TB include centrilobular

nodules, a tree-in-bud appearance, calcifications, or cavity

lesions (6-8). A few studies regarding mycobacterial infec-

tion with IP have highlighted atypical HRCT findings due to

destruction of the lung parenchyma (4, 9). It can be difficult

to diagnose TB based on HRCT findings in patients with

pre-existing lung abnormalities, such as IP; notably, HRCT

findings for TB patients with IP have not been sufficiently

studied. Chung et al. (4) reported that, among 9 TB patients

with idiopathic pulmonary fibrosis (IPF), the most common

HRCT findings of TB were subpleural nodules and lobar or

segmental consolidations in the lower lobes. Typical find-
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ings, such as centrilobular nodules or tree-in-bud appear-

ance, were infrequently seen in those patients. However, the

number of patients was limited, and no other reports have

described HRCT findings in TB patients with IP.

The clinical outcomes of TB with IP have been assessed

in rather small populations (5). TB patients are typically

treated according to the recommendations of the World

Health Organization (WHO) guidelines (10); however,

whether or not these standard therapies should be adapted to

TB patients with IP is not yet clear. The possibility of devel-

oping acute exacerbation (AE) of IP by TB or TB treatment

is a concern because AE of IP typically results in a high

mortality rate; moreover, effective treatments have not been

established (11). However, no reports on AE of IP in pa-

tients with TB have been published.

In this study, we aimed to reveal the clinical and HRCT

characteristics of TB associated with IP. The findings are ex-

pected to promote the appropriate examination of these pa-

tients by clinicians.

Materials and Methods

The records of 329 patients admitted to Toranomon Hos-

pital who tested positive for Mycobacterium tuberculosis in

sputum or bronchoalveolar lavage fluid cultures between

January 2006 and December 2017 were reviewed. Among

these 329 patients, 20 consecutive patients who also pre-

sented with IP were evaluated. Medical charts, laboratory

data, pulmonary function test results, HRCT findings, and

results from bacterial tests were reviewed.

Patients were diagnosed with IP on the basis of official

diagnostic recommendations of the American Thoracic Soci-

ety/European Respiratory Society/Japanese Respiratory Soci-

ety/Latin American Thoracic Association (1). The HRCT

patterns of IP and the following features of TB were inde-

pendently evaluated by one thoracic radiologist and two pul-

monologists; the final diagnosis was determined by consen-

sus regarding consolidations, cavities, nodules, calcifications,

and thickening of the affected bronchial wall. The sites of

the TB lesions were also assessed with regard to the asso-

ciation with fibrotic lesions and emphysematous lesions.

The most recent laboratory data and pulmonary function

test results available prior to the definitive diagnosis of TB

were reviewed. The severity of IP was calculated using a

multidimensional index and staging system for IPF: the

Gender-Age-Physiology (GAP) index (12). The GAP index

is used globally to determine the severity of IPF using infor-

mation regarding patients’ gender, age, and results of pul-

monary function tests. The GAP index ranges from 0 (most

mild) to 8 (most severe). We adapted the GAP index for pa-

tients whose IP was not IPF in this study.

Regarding the estimated duration from the infection of TB

until diagnosis of TB, the timing of infection was deter-

mined using the earlier of the following events: 1) the point

at which new abnormal shadows, caused by TB, were found

in the lungs; 2) the point at which patients developed new

symptoms due to TB.

All TB patients were treated according to the recommen-

dations of the WHO guidelines (10). Treatment outcomes

were also assessed using this guideline (10), which defines

six per-patient clinical outcomes and one group outcome.

1) Cured: a TB patient with confirmed TB at the start of

treatment who showed smear or culture negativity in the last

month of treatment and on at least one previous occasion.

2) Treatment completed: a TB patient who completed

treatment without evidence of sputum smear or culture nega-

tivity in the last month of treatment and on at least one pre-

vious occasion, without evidence of treatment failure; this

may be because the relevant tests were not performed or be-

cause the results were unavailable.

3) Treatment failed: a TB patient whose sputum smear or

culture remained positive at the fifth month or later during

treatment.

4) Died: a TB patient who died for any reason before or

during treatment.

5) Lost to follow-up: a TB patient who did not start treat-

ment or whose treatment was interrupted for �2 consecutive

months.

6) Not evaluated: a TB patient for whom no treatment

outcome was assigned, including patients transferred to an-

other treatment unit and those for whom the treatment out-

come was unknown.

7) Treatment success: all patients with the “Cured” and

“Treatment completed” outcomes.

Adverse events were evaluated using the Common Termi-

nology Criteria for Adverse Events ver. 4.0.

The survival time was analyzed with the Kaplan-Meier

method. All statistical analyses were performed using the

Statistical Package for the Social Sciences (SPSS) software

program (version 18.0, SPSS, Chicago, USA).

This study was approved by the institutional review board

of Toranomon Hospital, Tokyo, Japan (No. 823). All study

participants provided their informed consent through an opt-

out process.

Results

The prevalence of IP among the TB patients in this study

was 6.1% (20/329). The characteristics of these 20 patients

are presented in Table 1. There were 17 men and 3 women

with a median age of 74.5 years. IP was idiopathic in 14 pa-

tients. Four patients had IP related to connective tissue dis-

ease, one had chronic hypersensitivity pneumonia, and one

had drug-induced IP. HRCT showed usual interstitial pneu-

monia (UIP) patterns in 11 patients and non-UIP patterns in

9. Fourteen patients had pulmonary emphysema. Many pa-

tients had additional complications, including malignancies

in nine, diabetes mellitus in six, and liver diseases in six.

Six patients were taking steroids, two were receiving im-

munosuppressants, and one was being administered a bio-

logical product. The median albumin, white blood cell, C-

reactive protein, Krebs von den Lugen-6, surfactant protein
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Table　1.　Characteristics of Patients with Tuberculosis and Interstitial Pneumonia.

Characteristics (n=20)

Age Median (range), years 74.5 (64-89)

Sex Male/Female (n) 17/3

Smoking status Never smoker/Current or former smoker (n) 3/17

Brinkman index Median (range) 860 (0-2,280)

Etiology of IP IIPs/Others (n) 14/6

HRCT patterns of IP UIP pattern/non-UIP pattern (n) 11/9

Pulmonary emphysema +/− (n) 14/6

Complications Malignancy (n) 9

Diabetes mellitus (n) 6

Liver diseases (n) 6

Use of immunosuppressants Steroid (n) 6

Immunosuppressant (n) 2

Biological product (n) 1

Laboratory data Median Alb (g/dL) (range) 2.9 (1.8-3.9)

Median WBC (/μL) (range) 7,750 (3,000-17,100)

Median CRP (mg/dL) (range) 5.1 (0-17.5)

Median KL-6 (U/mL) (range) 988 (312-3,191)

Median SP-D (ng/mL) (range) 153.5 (30.7-993)

Median SP-A (ng/mL) (range) 83.1 (40.9-235.9)

Pulmonary function test Median FVC (mL) (range) 2,095 (1,260-4,050)

Median FVC, % predicted (range) 75.1 (37-128)

Median FEV1.0 (%) (range) 84.9 (62.3-97.4)

Median DLco, % predicted (range) 51.5 (17-110)

GAP index Median (range) 4 (2-6)

IP: interstitial pneumonia, IIPs: idiopathic interstitial pneumonias, HRCT: high-resolution computed tomography, 

UIP: usual interstitial pneumonia, Alb: albumin, WBC: white blood cells, CRP: C reactive protein, KL-6: Krebs 

von den Lungen-6, SP-D: surfactant protein D, SP-A: surfactant protein A, FVC: forced vital capacity, FEV1.0: 

forced expiratory volume 1.0 (s) percent, DLCO: diffusing capacity for carbon monoxide, GAP: Gender-Age-

Physiology

D, and surfactant protein A levels were 2.9 g/dL, 7,750 U/

μL, 5.1 mg/dL, 988 U/mL, 153.5 ng/mL, and 83.1 ng/mL,

respectively. Pulmonary function tests were performed for

12 patients. The median forced vital capacity (FVC), FVC

percent predicted, and diffusing capacity for carbon monox-

ide percent predicted were 2,095 mL, 75.1%, and 51.5%, re-

spectively. The median GAP index was calculated to be 4.

Table 2 presents the clinical outcomes of TB in this study.

The most common clinical symptoms were dyspnea (11 pa-

tients), cough (10 patients), fever (9 patients), sputum (7 pa-

tients), and weight loss (4 patients). Nine patients were di-

agnosed by a positive sputum smear, five by positive sputum

culture, and six by bronchoalveolar lavage. Before a defini-

tive diagnosis of TB of established, several patients were di-

agnosed with other conditions, including bacterial pneumo-

nia in seven, fungal infection in three, interstitial pneumonia

in two, and lung cancer in one. TB was the initial diagnosis

for the remaining seven patients. With regard to the esti-

mated duration from the onset of TB infection until the de-

finitive diagnosis, seven patients were diagnosed within one

month, nine were diagnosed within three months, and four

were diagnosed three months or longer after TB infection.

Drug sensitivity tests revealed isoniazid (INH) resistance

in one patient and levofloxacin resistance in one. Ten pa-

tients were treated with INH, rifampicin (RFP), and etham-

butol (EB), while eight were treated with INH, RFP, EB,

and pyrazinamide (PZA). Increased liver enzymes comprised

the most commonly observed adverse event. Grade 3 ano-

rexia was also observed. There were no treatment discon-

tinuations due to treatment-related adverse events. According

to the WHO guidelines (10), eight patients were considered

“Cured” and five achieved the “Treatment completed” out-

come. Consequently, the “Treatment success” outcome was

achieved in 13 patients. Three patients died, although the

cause of death in all cases was not TB but other underlying

diseases. The “Treatment failed” outcome was not observed

for any patient. The survival time from the diagnosis of TB

is presented in Fig. 1. The median survival time (MST) for

the 20 patients was 1,196 days.

The HRCT findings for the 20 patients are summarized in

Table 3. Infected TB lesions were identified in the upper

lobes of 14 (70%) patients, middle lobes of 5 (25%) pa-

tients, and lower lobes of 13 (65%) patients. Forty-five per-

cent of the main TB lesions were identified in the upper

lobes, 5% in the middle lobes, and 45% in the lower lobes.

Among the 14 patients with pulmonary emphysema, main

TB lesions were identified in the upper lobes in 7 (50%)

and lower lobes in 5 (36%). Among the 6 patients without
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Figure　1.　Survival curve showing the survival time from the 
diagnosis of tuberculosis in patients with interstitial pneumo-
nia.

Table　2.　Clinical Outcomes of Pulmonary Tuberculosis in This Study.

Symptoms (n) Dyspnea 11

Cough 10

Fever 9

Sputum 7

Weight loss 4

Diagnostic methods for TB (n) Sputum smear positivity 9

Sputum culture positivity 5

Bronchoalveolar lavage 6

Primary diagnosis before definitive 

diagnosis of TB (n)

Bacterial pneumonia 7

Fungal infection 3

Interstitial pneumonia 2

Lung cancer 1

Tuberculosis 7

Estimated duration from TB infection 

to definitive diagnosis of TB (n)

Within 1 month 7

Within 3 months 9

Over 3 months 4

Drug sensitivity examination (n) Isoniazid resistance 1

Levofloxacin resistance 1

Treatment drugs (n) Isoniazid/Rifampicin/Ethambutol/Pyrazinamide 8

Isoniazid/Rifampicin/Ethambutol 10

Others 2

Treatment outcomes‡(n) Cured 8

Treatment completed 5

Treatment failed 0

Died 3

Lost to follow-up 1

Not evaluated 3

Treatment success 13

‡Treatment outcomes for TB were assessed in accordance with the guidelines of the World Health Organi-

zation (10). 

TB: pulmonary tuberculosis

emphysema, 67% exhibited their main TB lesions in lower

lobes. Consolidations were the most frequent CT findings in

this study (16 patients, 80%), followed by cavities (12 pa-

tients, 60%) and nodules (9 patients, 45%), which are gener-

ally characteristic of TB. Consolidations often developed in

relation to fibrotic or emphysematous lesions without centri-

lobular nodules (Fig. 2). Consolidations amid honeycomb

cysts were found in five patients with the UIP pattern of IP.

These consolidations appeared non-segmental because of de-

struction of the lung parenchyma.

Discussion

Several studies have reported a high prevalence of TB in

patients with IP, which may be due to a number of factors,

such as the administration of steroids and/or immunosup-

pressants, impaired local innate immune defense due to re-

duced ciliary clearance, and destruction of the anatomical

structures of the lung parenchyma (3-5). However, thus far,

the clinicoradiological features of TB associated with IP

have not been well studied.

Few studies have evaluated the efficacy and safety of TB

treatments for patients with TB associated with IP. Park et

al. reported that approximately two-thirds of patients with

TB and IPF were cured, while the remaining patients died

of TB progression (5). Some patients in the present study

developed anorexia or presented with increased liver en-

zymes. However, no serious adverse events developed, such

as AE of IP. Although three patients died before the comple-
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Figure　2.　Major high-resolution computed tomography findings for patients with tuberculosis and 
interstitial pneumonia. a) Consolidation related to emphysematous lesions that do not accompany 
centrilobular nodules in the upper lobe. b) Consolidation amid honeycomb cysts in the lower lobe, 
without centrilobular nodules.

Table　3.　HRCT Findings for Patients with Pulmonary Tuberculosis and Interstitial Pneumo-
nia.

All patients 

(n=20)

Patients with 

UIP pattern 

(n=11)

Patients with 

non-UIP pattern 

(n=9)

Infection site‡

Upper lobe 14 (70%) 9 (82%) 5 (56%)

Middle lobe 5 (25%) 1 (9%) 4 (44%)

Lower lobe 13 (65%) 6 (55%) 7 (78%)

Main site of infection

Upper lobe 9 (45%) 6 (55%) 3 (33%)

Middle lobe 1 (5%) 0 (0%) 1 (11%)

Lower lobe 9 (45%) 5 (45%) 4 (44%)

CT findings‡

Consolidation 16 (80%) 9 (82%) 7 (78%)

Segmental consolidation 10 (50%) 4 (36%) 6 (67%)

Non-segmental consolidation 8 (40%) 7 (64%) 1 (11%)

Consolidation related to emphysematous lesions 5 (25%) 3 (27%) 2 (22%)

Consolidation in the midst of honeycomb cysts 6 (30%) 5 (45%) 1 (11%)

Cavity 12 (60%) 6 (55%) 6 (67%)

Nodule 9 (45%) 4 (36%) 5 (56%)

Centrilobular nodule 7 (35%) 4 (36%) 3 (33%)

Random nodule 1 (5%) 0 (0%) 1 (11%)

Tree-in-bud appearance 4 (20%) 2 (18%) 2 (22%)

Calcification 7 (35%) 5 (45%) 2 (22%)

Thickening of affected

bronchial wall 3 (15%) 2 (18%) 1 (11%)

Unidentifiable 1 (5%) 1 (9%) 0 (0%)

‡There was a degree of overlap.

HRCT: high-resolution computed tomography, UIP: usual interstitial pneumonia

tion of TB treatment because of worsening of their underly-

ing illness, no patients died of TB progression. Furthermore,

no patient achieved the “Treatment failed” outcome, accord-

ing to the WHO guidelines. These findings indicate that ap-

propriate treatment regimens for TB patients with IP can

lead to favorable outcomes. The low frequency of multi-

drug-resistant TB in the present study may have contributed

to these good outcomes. TB treatment with INH, RFP, and

EB was chosen for 10 patients, while treatment with INH,

RFP, EB, and PZA was chosen for 8 patients; these ap-

proaches resulted in respective “Treatment success” rates of

60% and 88%. Reasons for the non-use of PZA were age

>80 years old in 7 patients, cirrhosis of the liver in 1 pa-

tient, and unknown in 2 patients; relatively poor treatment
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outcomes may have been observed in patients who did not

receive PZA. Although whether or not standard TB therapies

should be adapted for TB patients with IP remains unclear,

the results of the present study support the efficacy and

safety of standard TB treatment for patients with IP.

Only 45% of main TB infection lesions were observed in

the upper lobes of the lung in the present study; this con-

trasted with the more typical infection pattern for secondary

TB, which reportedly develops in the upper lobes at a fre-

quency of 91% (7). The tendency of the main infected le-

sions in the lower lobes appeared similar between patients

with the UIP pattern of IP and those with the non-UIP pat-

tern of IP. This may occur because abnormal shadows tend

to develop in the lower lobes in patients with the non-UIP

pattern of IP, as well as those with the UIP pattern of IP, al-

though patients with the non-UIP pattern of IP usually do

not exhibit honeycomb changes.

Regarding emphysema, 14 patients exhibited pulmonary

emphysema. The main infected site was in the upper lobes

in 50% of patients with pulmonary emphysema, whereas it

was in lower lobes in 67% of patients without emphysema.

Impaired local immune defense and reduced ciliary clear-

ance caused by emphysema might have resulted in these dif-

ferences in frequency of TB in upper lobes, as emphysema

is typically observed more frequently in the upper lobes

than in the lower lobes.

Chung et al. (4) reported nine TB patients with IPF, for

whom the most common HRCT findings for TB were sub-

pleural nodules and lobar or segmental consolidations in the

lower lobes. More typical TB findings, such as multifocal

patchy consolidations or centrilobular nodules (6, 7), were

infrequent in that study. Hwang et al. found lobar/segmental

consolidations on the HRCT images of patients with non-

tuberculous mycobacterial infection and IP, whereas branch-

ing centrilobular nodules and traction bronchiectasis were

common in the patients without IP (9). The absence of cen-

trilobular nodules on HRCT images was also noted in a re-

port of TB in patients with pulmonary emphysema (13). The

present study also found an increased tendency for consoli-

dations and a relatively low tendency for centrilobular nod-

ules on HRCT images. Consolidations had developed in pre-

viously formed emphysematous lesions or honeycomb lungs.

Airway-oriented lesions may not be identified in such pa-

tients because pulmonary acini, where mycobacterial infec-

tions typically develop first, are damaged by emphysema or

fibrosis. Immunodeficiency is another possible explanation

for these unusual radiological features. Similar to fungal in-

fections (14), TB reportedly exhibits unusual radiological

findings in the context of immunodeficiency (15, 16); the re-

duced ability of the immune system to control the bacterial

infection might result in unusual radiological findings, such

as the infrequent presence of cavities.

In total, 5 patients (25%) in the present study exhibited

only consolidations adjacent to or inside fibrotic lesions

without cavities or centrilobular nodules, and 1 patient (5%)

had no apparent TB lesions, which complicated the defini-

tive identification of possible lesions. Bacterial pneumonia

was the most common initial diagnosis before the confirma-

tion of TB infection, and these patients were primarily

treated with antibiotics. The estimated duration from the on-

set of TB infection to the definitive diagnosis of TB was >1

month in 13 TB patients with IP. This is partially because of

the abnormal HRCT findings of TB in patients with IP and

partially because of the difficulty in noticing symptoms of

TB, which are typically similar to the symptoms of IP. De-

spite the difficulties in diagnosing TB, appropriate TB treat-

ment led to favorable outcomes. These results indicate the

importance of testing for TB in patients with IP whose

HRCT findings are not typical for TB.

This study has several limitations. First, it was a retro-

spective, single-center study with a small patient cohort, and

some patients included in the study did not have a complete

set of follow-up data. Second, the prevalence of TB was not

evaluated in patients with IP. Finally, we did not directly

compare TB patients with IP to those without IP. However,

TB without IP is a common disease, and its clinicoradiologi-

cal characteristics are well-known. We further analyzed 20

consecutive TB patients without IP and found that the main

TB infected site was the upper lobes in 70% of patients and

lower lobes in 30% of patients. Centrilobular nodules and

tree-in-bud appearances were the most frequently observed

HRCT findings (85%), followed by cavities (40%) and con-

solidations (20%). These results are consistent with those of

past reports (6, 7, 9) supporting the unique characteristics of

TB patients with IP in the present study. Additional studies

are needed in this patient population for a more complete

understanding of the implications of IP during the interpre-

tation of HRCT images obtained for TB patients with IP.

In conclusion, consolidations, and not the characteristic

TB-associated findings of cavities and nodules, were the

most frequently observed HRCT findings in the TB patients

with IP in the present study. Consolidations adjacent to or

inside fibrotic or emphysematous lesions without centrilobu-

lar nodules or cavities complicated the TB diagnosis in these

patients. Our findings suggest that TB should always be

considered as a differential diagnosis when consolidations

develop in patients with IP, as favorable outcomes can be

achieved with appropriate treatment for patients with IP who

develop TB.
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