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Clinical Investigation of Cavitary Tuberculosis and
Tuberculous Pneumonia
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Backgorund : The radiographic characteristics of tuberculous pneumonia in adults are similar to primary tuberculosis
that occurs in childhood, and upper lobe cavitary tuberculosis is the hallmark of postprimary tuberculosis. The purpose
of this study was to investigate the factors associated with tuberculous pneumonia by making comparison with cavitary
tuberculosis.

Methods : The medical records and radiographic findings of patients with cavitary tuberculosis and tuberculous
pneumonia, and who were diagnosed between March 2003 and February 2006, were analyzed retrospectively.

Results : Forty patients had cavitary tuberculosis and sixteen patients had tuberculous pneumonia. Fever was more
frequent for tuberculous pneumonia, whereas hemoptysis was more frequent for cavitary tuberculosis. The duration of
symptoms before visiting the hospital was shorter, but the diagnosis after admission was more delayed for tuberculous
pneumonia patients than for cavitary tuberculosis patients. The prevalence of underlying comorbidities such cancer,
diabetes, alcoholism and long-term steroid use was not different between the two groups. The patients with
tuberculous pneumonia were older and they had lower levels of serum albumin and hemoglobin than those with
cavitary tuberculosis. The patients with tuberculous pneumonia showed a tendency to have more frequent
endobronchial lesion. Tuberculous pneumonia occurred in any lobe, whereas the majority of cavitary tuberculosis
patients had upper lung lesion, but the prevalence of lymphadenopathy, pleural effusion and previous tuberculosis scar
was not different between the two groups.

Conclusions : Older age, a lower level of serum albumin and hemoglobin and a random distribution of lesion were
associated with tuberculosis pneumonia as compared with cavitary tuberculosis. These findings suggest that the
pathogenesis of tuberculous pneumonia might be different from that of cavitary tuberculosis.
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INTRODUCTION TB is common in adults; this is mainly located in the apical and

posterior segments of the upper lobes and it is characterized by
Active tuberculosis disease has been classified as either  cavitary lung lesion?.
primary or postprimary tuberculosis (TB)"2. Primary TB is While the radiographic features of childhood TB have
common in the pediatric age group, and it is caused by initial  apparently not changed, there has been an increased number
Mycobacterium  tuberculosis (M. tuberculosis) infection. The  of reports of atypical TB in adults>". One of these atypical
radiological characteristics are focal lung infiltration or  radiological findings in adult is tuberculous pneumonia that
homogeneous consolidation that usually affects the middle and  resembles childhood primary TB. The radiographic char-

lower lobes and lymphadenopathy is also present”. Postprimary ~ acteristics of tuberculous pneumonia are homogeneous,
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Figure 1. Chest X-ray of a 24-year-old woman reveals a cavitary lung lesion at the right upper lung (A). The chest CT scan demonstrates

the thick walled cavity at the posterior segment of right upper lung (white arrowed) with a

tree in bud pattern (black arrows) (B).

Figure 2. Chest X-ray of an 82-year-old man reveals homogenous consolidation at the right lower lung and the dense nodular lesions in
both upper lungs (white arrowed) have not changed during 10 years (A). Chest CT scan demonstrates homogeneous consolidation with
an air bronchogram (white arrow) and an old calcified pleural lesion (black arrow) (B).

segmental or lobar consolidation® 7 and it occurs in any site of
the lung® "°.

There have been many reports concerning the pathogenesis
of postprimary TB in adults. Stead et al. proposed that
postprimary TB was usually caused by reactivation of dormant

M. tuberculosis rather than by new exogenous reinfection'”. Yet

the recent reports that have employed mycobacterial genotyping
techniques have suggested that exogenous reinfection was also
a significant cause of postprimary TB in adults, and especially in
an area with a high incidence of tuberculosis™® ™. But it is still
unknown if tuberculosis pneumonia in adults is caused by
primary infection, endogenous reactivation or exogenous
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Table 1. The final diagnostic methods for active pulmonary
tuberculosis

Group | Group Il

Diagnostic methods n=40 (%) n=16 (%)

Positive culture for M. tuberculosis (n=

31) 22(55%)  9(56.2%)
Typical histology (n=7) 3(7.5%)  4(25%)
Positive AFB* smear (n=12) 9(22.5%) 3(18.8%)
Clinical and radiological diagnosis (n=6) 6(15%) 0
AFB=, Acidfast bacillus

reinfection. Comparing the characteristics of tuberculous

pneumonia with that of typical postprimary tuberculosis might be
useful for understanding the pathogenesis of tuberculous
pneumonia. Despite conducting a search of the related articles,
we could not find any literature that compared tuberculous
pneumonia with cavitary TB.

In this study we analyzed the clinical and radiological
characteristics of tuberculous pneumonia and cavitary TB, and
we tried to determine the factors associated with the two
characteristic radiological patterns.

MATERIALS AND METHODS

Study Population

We first reviewed the electronic hospital records of the
patients diagnosed with active TB at Chungbuk National
University Hospital from March 2003 to February 2006. Through
reviewing the medical charts and radiographs, we enrolled the
patients who met all of following criteria: 1) they had active
pulmonary TB, 2) they were older than 15 years, 3) there was
no history of prior active TB and 4) they had cavitary pulmonary
TB or tuberculous pneumonia. We divided them into two
groups: the cavitary TB group (Group 1) and the tuberculous
pneumonia group (Group Il). Cavitary TB was defined as the
presence of a gas—filled space surrounded by a discrete cavity
wall in the lung parenchyma on a chest X-rays or a chest
computed tomography (CT) scan (Figure 1). Tuberculous
pneumonia was defined as the presence of homogeneous
parenchymal consolidation on chest X-ray that was interpreted
as bacterial pneumonia by a chest radiology specialist, and if
chest CT scan was performed, the findings were also
homogeneous parenchymal consolidation (Figure 2).

Analysis of the clinical and radiological findings
The demographic data, underlying comorbidities and
laboratory data were compared between the two groups. The

location of the main lesion on chest X-rays or chest CT scans
was classified as upper lung lesion (including the apical
segment of the lower lobe), middle (including the lingular lobe)
or lower lung lesion. We also assessed the presence of the
following findings on radiographs 1) bronchogenic spread, which
was defined as air space consolidation, a cavity or a  tree with
a bud pattern  that was seen on chest X-rays or chest CT
scans in another lobe other than the lobe with the main
tuberculous lesion, 2) a tree with a bud pattern on CT scan was
defined as centro-lobular branching linear structures, 3) hilar or
mediastinal lymphadenopathy was defined as a lymph node
larger than 1cm on the short axis on chest CT scan, 4) pleural
effusion or 5) a previous TB scar (dense calcified pulmonary
nodules, calcified lymph nodes or pleural thickening® .

Statistical analysis

For comparison between cavitary TB and tuberuculous
pneumonia, the Chi-square test or Fisher's exact test was used
for the categorical variables and Student-f test was used for the
continuous variables. Statistical significance was defined as a
p-value < 0.05.

RESULTS

Diagnosis of active pulmonary tuberculosis

Forty patients with cavitary TB and sixteen patients with
tuberculous pneumonia were enrolled in this study. Among the
56 cases, the final diagnosis of active pulmonary tuberculosis
was made by the following methods (Table 1). The diagnosis in
31 patients was confirmed by positive culture for M. tuberculosis
in the specimens (sputum, bronchial washing or pleural fluid).
Among the patients without positive culture for M. tuberculosis,
seven cases were confirmed by the typical histology
(endobronchial mucosal biopsy, percutaneous pleural biopsy or
percutaneous transthoracic lung biopsy). Twelve cases among
the patients without positive culture for M.tuberculosis or typical
histology had positive AFB smears of the sputum or the
bronchial washing specimens. The remaining six cases were
diagnosed as active pulmonary TB by the clinical and
radiological findings; all of them had cavitary lesion and they
improved after receiving antituberculous medication.

Clinical characteristics and laboratory findings

Fever was more frequent in the patients with tuberculous
pneumonia, Wwhile hemoptysis was the more frequent
presentation for cavitary TB patients. The duration of symptoms
before visiting the hospital was shorter and the diagnosis after
admission was more delayed for the patients with tuberculous
pneumonia compared with those patients with cavitary TB, but
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Table 2. Clinical characteristics of the two groups Table 3. Laboratory findings of the two groups
Parameter Group |~ Group I p-value Parameter Group | Group Il vl
(Mean+SE) n=40 (%) n=16 (%) (Mean:SE) =40 (%) n=16 (%) VAU
Age (years) 438+30  594x42 006 Positive sputum AFB* smear 30/40 (75%) 8/16 (50%) 070
Gender, male: female 31:9 88 058 Positive sputum culture” 22/37 (60%) 5/16 (31%) 059
‘ n WBC  (fmm?) 9127+454  8865+914 777
Underlying comorbidity 11 (28%) 6 (38%) 527 CRP (mg/dL) 9.3+1.1 11.0+1.6 377
Cancer 1 (38%) 3 (19%) 06 Hemoglobin (g/dL) 12.2+0.3 10.9+0.3 013
Albumin (g/dL) 3.63+0.01 2.96+0.14 <.001
Diabetics 7 3 1.00
WBC, White blood cell, CRP, C-reactive protein
Long- term steroid use 3 0 55 AFB-, Acid fast bacilli, *, Culture for M. tuberculosis
Alooholism 1025%)  4(25%) 1.00
Symptom and sign
. Table 4. Distribution of the main lesion
Duration of fever (days) 3.7£05 52+0.7 .086
Fever 20 (50%)  1381%) 082 Group  RUL LuL b LLL Right — Left
apical apical basal basal
Hemoptysis 9 (22%) 0 048
Group | 20 11 3 1 0 3 2
Duration of symptom (days) 51.9+8.0 18.4+2.7 <.001
Duration of diagnosis (days)’ 31302 11.82.1 001 Group Il 3 3 1 0 2 5 2

+ . . . . .
, Duration from admission to diagnosis
", Duration of fever after antituberculous medication

after antituberculous medication, fever mostly subsided within
several days for both groups. The prevalence of underlying
comorbidities such as cancer, diabetes, long-term steroid use
and alcoholism showed no statistical difference between both
groups (Table 2).

The patients with tuberculous pneumonia were older, they
had lower levels of serum albumin and hemoglobin and they
had a tendency to have a lower vyield on the positive sputum
AFB smear and culture for M. tuberculosis than those patients
with cavitary TB (Table 3). Because of non-responsiveness to
empirical antibacterial treatment and the diagnostic need for the
cases with negative sputum AFB smear, bronchofibroscopy was
more frequently performed for the tuberculous pneumonic
patients (7 cases). We found stenotic endobronchial lesion at
the proximal bronchus of the lung lobe with the main lesion in
six cases, such as endobronchial TB (3 cases), anthracotic
pigmentation (2 cases), and severe bronchial mucosal swelling
(one case). Bronchofibroscopy was performed for diagnosis in
two cases of cavitary TB and endobronchial lesion was not
found in either case (p=0.083).

Radiological characteristics

The distribution of the main parenchymal lesions is shown in
Table 4.

Most of the patients with cavitary TB had a main cavity at
both upper lobes and the apical segment of the lower lobe. The
main lesion of tuberculous pneumonia occurred in all sites of

RUL, Right upper lobe; LUL, Left upper lobe; RLL, Right lower
lobe; LLL, Left lower lobe; RML, Right middle lobe

Table 5. Radiological characteristics of the two groups

Parameter C?;Zj%) l G(;oj%) ! p-value
Cases performed chest CT  31/40(78%) 13/16(81%)

Upper= Middle and Lower" 355 7:9 001
Lymphadenopathy 5/31(16%)  3/13(23%) 676
Pleural effusion 7/40(18%)  6/16(38%) .161
Bronchogenic spread 20/40(50%)  4/16(25%) 078
Tree in bud 22/31(71%)  4/13(31%) .013
Previous TB scar 14/40(35%)  4/16(25%) 469

=, Upper lung lesion (including the apical segment of the lower
lobe)
f, Middle (including the lingular lobe) and lower lung lesion

the lungs. The classified location of the main lesion was
significantly  different in the two groups. Cavitary TB
predominantly occurred at the upper lung compared with
tubeculous pneumonia. The prevalence of lymphadenopathy,
pleural effusion and previous tuberculosis scar lesion was not
different between the two groups. Bronchogenic spreading was
more common in cavitary TB patients (without statistical
significance), but the finding of a  tree with a bud pattern  on
chest CT was more frequent in cavitary TB patients than in
tuberculous pneumonia patients (Table 5).
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DISCUSSION

Primary TB is caused by an airborne infection of M
tuberculosis and its location reflects the pulmonary airflow. This
can occur in any site of the lung, yet it is more frequently in the
mid or lower lung field due to these areas greater ventilation.
From the primary focus, tuberculous bacilli are spread via the
lymphatics or blood stream. Dormant states mainly occur in
such areas such as the apicoposterial segment of the upper
lobe or the apical segment of the lower lobe, where lymph
production and drainage are deficient and high oxygen tension
is presentg). Stead et al. proposed that postprimary TB could
occur at these sites by reactivation of dormant disease states"".
Lung cavitation is the hallmark of postprimary TB and this
appears in about half of the patients'”.

Tuberculous pneumonia, similar to childhood primary
tuberculosism), is the unusual radiographic finding in adults and
this occurs in any site of the lung® '© Tuberculosis occurring in
the lower lung fields in adult is a frequent characteristics of
tuberculous pneumonia'g’, which is homogeneous segmental or
lobar consolidation®”. Fever was more common and the
duration of symptom until the hospital visit was shorter for
tuberculous pneumonia than for cavitary TB. Because tuberculous
pneumonia may frequently be indistinguishable from bacterial
pneumonia, the diagnosis at a hospital is generally more
delayed® . The white blood cell count in the peripheral blood
is frequently normal in both groups, and this is one of the clues
to distinguish tuberculosis pneumonia from bacterial pneumonia'g).

The patients with tuberculous pneumonia in our study had a
tendency to have a lower yield for a positive sputum AFB
smear and culture for M. tuberculosis than did the patients with
cavitary TB, and bronchocopic examination is useful for these
cases to make the diagnosis of tuberculosis®. In our study the
positive culture rate for M. tuberculosis in a specimen was lower
than that of other reports®® ', Three cases with positive AFB
smears didnt have culture for M. tuberculosis ordered. In our
hospital, culture for M. tuberculosis is done at another
laboratory, so the result of culture might be influenced by many
factors, including storage, transport and processing.

Many authors have reported that lower lung field TB and
tuberculous pneumonia more commonly occur in specific groups
of patients such as those with diabetes mellitus (DM), cancer or
infection with human immunodeficiency virus (HIV)® & 1% 2 Byt
in our study, the prevalence of comorbidity such as cancer, DM,
alcoholism and long-term steroid use was not different between
the two groups. The prevalence of DM, cancer and long-term
steroid use has been variable in the reports on tuberculous
pneumonia® ' and these studies did not compare tuberculous
pneumonia with cavitary TB*® 11920,

In our study the patients with tuberculous pneumonia were

older and had lower levels of serum albumin and hemoglobin than
did those patients with cavitary TB. In many reports, lung
cavitation was less frequent in the elderly patients2” and lower
lung field TB and tuberculous pneumonia are more common in
older patients than in the younger patients® %, Because elderly
people have more impaired T-lymphocyte function than younger
patientszs), the decrease in their immunologic status associated
with aging might be related to the development of tuberculous
pneumonia. Also, the findings of lower serum albumin and
hemoglobin levels in patients with tuberculous pneumonia might
reflect malnutrition or more severe catabolic states in older
patients than in those patients with cavitary TB.

Recent reports concerned with the use of mycobacterial
genotyping techniqgues have suggested that exogenous
reinfection appears to be a significant cause of postprimary TB
in adults, and the incidence of exogenous reinfection is variable
according to the patients age and the incidence of TB in a
country'®"®. The incidence of TB in our country was 64.5 cases
per 100.000 persons in 2004 (http://tbnet.go.kr) and exogenous
reinfection might be a substantial cause of postprimary TB in
Korean adults. In our study, the main lesion in tuberculous
pneumonia patients occurred in any site of the lung, which is
similar to other studies® . This finding suggests that tuberculous
pneumonia might be caused by exogenous reinfection via
airflow implantation of M tuberculosis rather than by reactivation
of dormant bacilli. Further, the elderly might be more susceptible
to exogenous reinfection due to impaired host immunity.

In addition to exogenous reinfection, endobronchial stenosis
in adults might be involved in the pathogenesis of tuberculosis
pneumonia, as compared to the enlarged lymph nodes in the
pathogenesis of childhood TB. Lymphadenopathy in tuberculous
pneumonia patients was uncommon in our study and also in
other studies”'” and it was different from that of childhood
primary TB, in which lymphadenopathy was observed in almost
all such patients”’. Goussard et al. speculated that the
pathogenesis of tuberculous pneumonia in children was
enlarged tuberculous lymphadenitis that ruptured into the
bronchus; the caseous material was aspirated into the affected
lobe and the subsequent exudative hypersensitivity reaction to
the aspirated tuberculoprotein caused tuberculous pneumoniagg).
Tuberculous pneumonia, including that in the lower lung in
adults, is frequently associated with endobronchial lesions” ¥
and it is more common in female patients®™ 2. In our study,
seven non-responders to antibiotic therapy and they had
negative sputum AFB smears were examined by bronchofi-
broscopy, and endobronchial lesion was discovered in six of them.

Therefore we can speculate that tuberculous pneumonia
might develop by reinfection with aging, and implantation of M.
tuberculosis occurred via the airflow and this caused a random
distribution of lesion. In addition to exogenous reinfection,
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endobronchial narrowing hinders the drainage of infected
materials and so contributes to the development of consolidative
hypersensitivity reaction.

Qur retrospective study had the following limitations. Although
there were some limitations in interpreting the tuberculin skin
test in our country because of BCG vacoinationSO), the enrolled
patients in our study were not examined by tuberculin skin test
and the scar from the BCG vaccination was not recorded.
However, the prevalence of a previous TB scar on radiographs,
which is visible in one third of healed primary tuberculosis
patientsg), was not different between the two groups. Second,
the exact prevalence of combined endobronchial lesion could
not be estimated because bronchofibroscopy was not performed
in all of the patients of both groups.

A large scale prospective study using DNA genotyping
methods and bronchofibroscopic  examination is needed to
elucidate the pathogenesis of tuberculosis pneumonia and
cavitary TB.
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