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Abstract
Background: The characteristics of pulmonary tuberculosis
(TB) in the elderly are different from young patients. This
leads to delay in diagnosis and higher mortality from TB in
the aged population. The aim of this study was to investigate
the impact of age on the demographic, clinical, radiographic
characteristics, and treatment outcomes of pulmonary TB
patients in Taiwan.
Materials and Methods: We performed a retrospective anal-
ysis of the medical charts and chest radiographs of 83 elderly
(‡60 years old) and 74 young (< 60 years old) culture-proven
pulmonary TB patients from 1 August 2003 to 31 July 2006.
Results: Elderly patients showed lower frequencies of
infectious TB contact history, alcoholism, cavity, and posi-
tive acid-fast bacilli sputum smears. In contrast, the elderly
population had higher frequencies of chronic obstructive
lung disease, heart failure, stroke, dyspnea, lower lung field
involvement, pleural effusion and mortality. There were no
differences between these two groups regarding sex, initial
body weight, previous TB disease, hospital admission, dia-
betes mellitus, end-stage renal disease, neoplasm, liver cir-
rhosis, upper lung field involvement, cure, and treatment
completion. Furthermore, age of 60 and older, lower initial
body weight less than 50 kg, coexisting medical diseases,
and extensive radiographic disease were factors indepen-
dently associated with unfavorable outcomes.
Conclusions: Elderly patients with pulmonary TB are more
likely to present with negative sputum smears, cavity-
negative lesions, lower lung field involvement and pleural
effusion on chest radiographs. The prognosis is poor for the
elderly pulmonary TB patients with lower body weight,
coexisting medical diseases, and extensive radiographic
disease.
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Introduction
The incidence of tuberculosis (TB) has been falling in
many developed countries; however, there is a trend of

an increasing proportion of TB among the elderly [1, 2].
With the decreasing birth rate and increasing life expec-
tancy, the aging of the population is occurring in many
parts of the world. Thus, TB in elderly people will become
an increasingly important problem [3]. The age of TB
patients in Taiwan showed a rising trend from 1957 to
2001. A high index of suspicion and prompt investigation
of elderly patients with signs and symptoms characteristic
of pulmonary TB may allow earlier diagnosis and treat-
ment [4].

Much of the classical description of TB was derived
when TB was a highly prevalent disease in young adults.
With age-associated physiological, psychological, and
social changes compounded by the high prevalence of
chronic degenerative diseases in relatively affluent socie-
ties, there are ample reasons to expect that TB in elderly
people may exhibit a different course [5]. It has been
suggested that the characteristics of TB in elderly people
are different from those observed in young adult patients,
and that they should be classified as separate diseases
[6, 7].

Some reports have described a delay in the diagnosis
of TB in elderly patients, mainly due to an atypical pre-
sentation of the disease [8] and/or to the lower awareness
of the disease among this population [9]. Accordingly, it
has also been suggested that when these differences are
ignored, the establishment of a diagnosis may be delayed,
leading to an increase in morbidity and mortality in the
elderly group [10].

Here, we had attempted to compare, in a sizable study
sample, the clinical presentation of elderly patients with
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those of young patients. Furthermore, the effect of various
factors on treatment outcomes after 1 year from the
initiation of anti-TB treatment was assessed. The study
sample included inpatients and outpatients in a developed
Asian city with an aging population and a high prevalence
of TB.

Materials and Methods
Study Setting and Patients

This study was conducted at Kaohsiung Municipal Hsiao-Kang
Hospital which is a 500-bed, university-affiliated teaching hos-
pital that serves as a tertiary referral center and a primary-care
facility in southern Taiwan. From a retrospective review of
medical records, 157 consecutive adult patients with pulmonary
TB detected in the period from 1 August 2003 to 31 July 2006
were selected. Cases were identified from the hospital coding
system and microbiology department records. Patients included
outpatients and inpatients. In this institution, the main criteria for
hospital admission of tuberculous patients include sepsis, hem-
optysis, respiratory failure, advanced malnutrition, and pleural
effusion. However, approximately two-third of hospitalized
tuberculous patients are admitted for treatment or diagnosis
confirmation even in the absence of the above-mentioned crite-
ria. Patients were excluded because of one of the following rea-
sons: those who were younger than 18 years, or those who were
not Taiwanese, and those who were already diagnosed as TB at
other hospital. The diagnosis of pulmonary TB was based on at
least one sputum culture positive for Mycobacterium tuberculo-
sis. This study was reviewed and approved by the human
experiment and ethics committee of Kaohsiung Municipal Hsiao-
Kang Hospital.

Sputum samples were obtained by spontaneous morning
expectoration. All sputum smears were concentrated and
stained with Ziehl–Neelsen stains to screen for TB by trained
microbiology technicians. Each sputum sample was prepared in
a Löwenstein–Jensen culture medium and Middlebrook 7H11
selective agar and maintained for at least 8 weeks to detect the
presence of growing organisms. All patients had a medical
chart, microbiology results, and chest radiograph (CXR). The
initial CXR taken when patients first visited hospital were
independently reviewed by two external chest physicians, both
of whom were unaware of the patient’s clinical data. Differ-
ences were then resolved by consensus.

Study Design and Data Collection
Elderly patients were defined as patients aged 60 and older.
Patients aged 18–59 were defined as young patients. There were
approximately equal numbers of patients for comparison.
Demographic information that we collated include age, sex,
initial body weight taken when patients first visited hospital and
whether or not hospital admission. We recorded risk factors for
TB infection including previous TB disease, infectious TB con-
tact history, alcoholism, illegal drug use, long term glucosteroid
use, immunosuppressive drug use and coexisting medical dis-
eases such as diabetes mellitus, end-stage renal disease, neo-
plasm, chronic obstructive lung disease, liver cirrhosis, heart
failure, stroke, human immunodeficiency virus (HIV) infection,
silicosis, and gastrectomy history. Initial presenting symptoms
before patients first visited hospital included the presence of
cough, expectoration, hemoptysis, weight loss, fever, night
sweats, anorexia, fatigue and dyspnea. Patients were considered

to have positive cough, expectoration, fever, night sweats, an-
orexia, fatigue and dyspnea if these symptoms were present for
2 weeks or more; less than this was coded as negative for the
analysis. Weight loss was defined as positive if it was greater than
10% of the body weight within the last 6 months. Fever was
defined as a body axillary temperature above 37.5 �C. Hemopt-
ysis was recorded as positive if it occurred even once.

The results of the CXR were categorized as the involved
field and the pattern. The involved field was categorized as right
upper field, right lower field, left upper field and left lower field.
An upper field lesion was defined as the presence of any lesion
above the third posterior rib. The radiographic presentation was
categorized as normal, nodule, consolidation, infiltration, cavity,
atelectasis, or pleural effusion. The chart reviewer was unaware
of the age of the patient. Culture results and the initial smear
interpretation of each sputum sample were verified.

Treatment outcomes after 1 year from the initiation of
anti-TB treatment were extracted from the records. They were
analyzed and defined according to the World Health Organiza-
tion recommendations [11]. ‘‘Cure’’ is defined as a patient who
was sputum smear-negative in the last month of treatment and
on at least one previous occasion. ‘‘Treatment completed’’ is
defined as a patient who had completed treatment but who did
not meet the criteria to be classified as a cure or a failure.
‘‘Treatment failure’’ is defined as a patient who was sputum
smear-positive at 5 months or later during treatment. ‘‘Died’’ is
defined as a patient who dies for any reason during the course of
treatment. ‘‘Default’’ is defined as a patient whose treatment was
interrupted for 2 consecutive months or more. ‘‘Transfer out’’ is
defined as a patient who has been transferred to another
recording and reporting unit and for whom the outcome is not
known. A favorable outcome was defined as including cure
and treatment completed. Any other outcome was classified as
unfavorable.

Statistical Analysis
Univariate comparisons between elderly patients and young
patients were performed using the v2 test or a Fisher’s exact test
for categorical variables and the Student’s t-test for continuous
variables where appropriate. All tests of significance were two
sided; p < 0.05 was considered statistically significant.

To identify variables that might affect treatment outcomes,
comparison of the groups with favorable and unfavorable out-
comes was made using univariate analysis and multiple logistic
regression analysis. An attempt was made to include all key
factors from demographic characteristics, bacteriology results,
coexisting medical diseases, initial presenting symptoms, and
initial presenting CXR findings, but, to simplify the statistical
analysis, preference is given to summary variables and dichoto-
mized variables with likely effect on outcome. Nine variables
were thus selected: aged 60 and older, male, lower initial body
weight less than 50 kg, hospital admission, coexisting medical
diseases, dyspnea, extensive radiographic disease that is defined
as radiographic extent greater than that of one lung, presence of
cavity, and positive initial sputum smear. After the initial uni-
variate analysis, the variables were put into the regression model
to identify those independently associated with unfavorable
outcome. A forward stepwise approach was used in the regres-
sion analysis, with the probability of F to enter being 0.05 or less
and the probability of F to remove being 0.10 or greater. All
analyses were performed using a statistical software program
(version 12.0, SPSS, Chicago, IL, USA).
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Results
Demographic Characteristics and Bacteriology
Results

Of the 157 culture-proven pulmonary TB patients, 83
patients aged 60 and older (52.9%) and 74 patients aged
18–59 (47.1%) participated in this study. The elderly group
had a median age of 74 years of age and the young group
had a median age of 46 years of age. The baseline demo-
graphic characteristics and bacteriology results of elderly
and young patients with pulmonary TB are shown in
table 1. The male sex predominated in both groups, mak-
ing up approximately 75%. There were no statistically
significant differences between the two groups with respect
to male predominance, initial body weight, previous TB
disease, and hospital admission. The elderly people were
less likely to have infectious TB contact history. No patient
had the following risk factors for TB infection, including
illegal drug use, long term glucosteroid use, immunosup-
pressive drug use, HIV infection, silicosis, and gastrectomy
history. Besides, there was a lower frequency of sputum
acid-fast bacilli positivity in the elderly.

Coexisting Medical Diseases
The coexisting medical diseases of the patients are sum-
marized in table 2. Chronic obstructive lung disease, heart

failure and stroke were more common in elderly patients.
The elderly people were less likely to have alcoholism.
There were no statistically significant differences between
these two groups regarding diabetes mellitus, end-stage
renal disease, neoplasm and liver cirrhosis.

Initial Presenting Symptoms
The patients’ clinical symptoms at initial presentation are
shown in table 3. Dyspnea was more common among
elderly patients. There were no statistically significant
differences between these two groups in the presence of
cough, expectoration, hemoptysis, weight loss, fever, night
sweat, anorexia and fatigue.

Initial Presenting CXR Findings
The initial presenting CXR findings are given in table 4.
Among elderly patients, it was more common to find the
lower lung field affected irrespective of whether TB was in
the right or left side. However, the difference of cases where
TB affected the upper field was not significant statistically
between these two groups. Elderly patients had more
pleural effusion but fewer cavity findings. In addition, the
proportion of patients with normal, nodule, consolidation,
infiltration and atelectasis pattern revealed by the CXR was
not significantly different between these two groups.

Table 1
Comparison of demographic characteristics and bacteriology results of elderly and young patients with pulmonary tuberculosis (TB)a.

Age ‡ 60 year (n = 83) Age < 60 year (n = 74) OR (95% CI) p-Value

Median age (years) 74 46
Male sex 62 (74.7) 56 (75.7) 1.054 (0.510–2.178) 0.888
Initial body weight (SD) (kg) 53.53 (12.21) 56.54 (12.29) 0.138
Previous TB disease 14 (16.9) 9 (12.2) 1.465 (0.594–3.616) 0.405
Infectious TB contact history 1 (1.2) 7 (9.5) 0.117 (0.014–0.972) 0.027
Hospital admission 36 (43.4) 31 (41.9) 1.062 (0.564–2.002) 0.851
Positive acid-fast bacilli sputum smear 49 (59.0) 56 (75.7) 0.463 (0.233–0.922) 0.027
aData are presented as No. (%) unless otherwise indicated

Table 2
Coexisting medical diseases in elderly and young patients with pulmonary TBa.

Age ‡ 60 year (n = 83) Age < 60 year (n = 74) OR (95% CI) p-Value

Chronic obstructive lung disease 18 (21.7) 4 (5.4) 4.846 (1.558–15.074) 0.003
Diabetes mellitus 27 (32.5) 22 (29.7) 1.140 (0.579–2.244) 0.705
End-stage renal disease 2 (2.4) 1 (1.4) 1.802 (0.160–20.295) 1.000
Heart failure 6 (7.2) 0 (0.0) 1.078 (1.015–1.145) 0.030
Stroke 11 (13.3) 0 (0.0) 1.153 (1.060–1.254) 0.001
Neoplasm 7 (8.4) 3 (4.1) 2.180 (0.543–8.757) 0.336
Liver cirrhosis 2 (2.4) 5 (6.8) 0.341 (0.064–1.812) 0.256
Alcoholism 3 (3.6) 11 (14.9) 0.215 (0.057–0.803) 0.014
aData are presented as No. (%) unless otherwise indicated
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Treatment Outcomes
Treatment outcomes after 1 year from the initiation of
anti-TB treatment are depicted in table 5. Mortality for
elderly patients was 26.5% in sharp contrast to 4.1% for
young patients (p < 0.001). Only 65.1% of elderly patients
had favorable outcomes (cure or treatment completion) in

comparison with 86.5% of young patients. Univariate
analysis shows that age of 60 and older (p = 0.002), lower
initial body weight (p = 0.002), coexisting medical diseases
(p = 0.016), dyspnea (p = 0.023), and extensive radio-
graphic disease (p = 0.014) were all associated with
unfavorable outcomes. On multiple logistic regression

Table 3
Initial presenting symptoms in elderly and young patients with pulmonary TBa.

Age ‡ 60 year (n = 83) Age < 60 year (n = 74) OR (95% CI) p-Value

Cough 74 (89.2) 68 (91.9) 0.725 (0.245–2.145) 0.561
Expectoration 54 (65.1) 58 (78.4) 0.514 (0.252–1.049) 0.065
Hemoptysis 9 (10.8) 15 (20.3) 0.478 (0.196–1.170) 0.101
Weight loss 26 (31.3) 26 (35.1) 0.842 (0.433–1.638) 0.613
Fever 26 (31.3) 17 (23.0) 1.529 (0.750–3.120) 0.241
Night sweats 7 (8.4) 4 (5.4) 1.612 (0.452–5.743) 0.458
Anorexia 21 (25.3) 13 (17.6) 1.589 (0.731–3.456) 0.240
Fatigue 9 (10.8) 3 (4.1) 2.878 (0.749–11.065) 0.110
Dyspnea 26 (31.3) 13 (17.6) 2.140 (1.004–4.565) 0.046
aData are presented as No. (%) unless otherwise indicated

Table 4
The initial presenting chest radiograph findings in elderly and young patients with pulmonary TBa.

Age ‡ 60 year (n = 83) Age < 60 year (n = 74) OR (95% CI) p-Value

Right upper field 58 (69.9) 51 (68.9) 1.046 (0.530–2.065) 0.896
Right lower field 52 (62.7) 34 (45.9) 1.973 (1.043–3.734) 0.036
Left upper field 52 (62.7) 47 (63.5) 0.964 (0.503–1.845) 0.911
Left lower field 51 (61.4) 30 (40.5) 2.338 (1.231–4.437) 0.009
Normal 3 (3.6) 6 (8.1) 0.425 (0.102–1.764) 0.308
Nodule 39 (47.0) 34 (45.9) 1.043 (0.556–1.955) 0.896
Consolidation 66 (79.5) 56 (75.7) 1.248 (0.588–2.648) 0.564
Infiltration 73 (88.0) 63 (85.1) 1.275 (0.508–3.199) 0.605
Cavity 19 (22.9) 37 (50.0) 0.297 (0.150–0.589) <0.001
Atelectasis 12 (14.5) 5 (6.8) 2.332 (0.781–6.969) 0.121
Pleural effusion 19 (22.9) 7 (9.5) 2.842 (1.119–7.215) 0.024
aData are presented as No. (%) unless otherwise indicated

Table 5
Treatment outcomes after 1 year from the initiation of anti-TB treatment in elderly and young patients with pulmonary TBa.

Age ‡ 60 year (n = 83) Age < 60 year (n = 74) OR (95% CI) p-Value

Cure 21 (25.3) 24 (32.4) 0.706 (0.352–1.413) 0.324
Treatment completed 33 (39.8) 40 (54.1) 0.561 (0.298–1.058) 0.073
Treatment failure 0 (0) 0 (0)
Died 22 (26.5) 3 (4.1) 8.536 (2.436–29.907) 0.000
Default 2 (2.4) 4 (5.4) 0.432 (0.077–2.431) 0.422
Transfer out 4 (4.8) 1 (1.4) 3.696 (0.404–33.838) 0.371
Still on treatment 1 (1.2) 2 (2.7) 0.439 (0.039–4.943) 0.602
aData are presented as No. (%) unless otherwise indicated
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analysis, only age of 60 and older, lower initial body weight,
coexisting medical diseases, and extensive radiographic
disease remained as independent and significant risk fac-
tors (table 6). All independent risk factors have odds
ratios more than two.

Discussion
Some of the observed differences between young and el-
derly patients may be related to a decrease in the immu-
nologic status associated with aging. It is well known that
elderly people have an impaired T-lymphocyte function,
including the proliferative response [12]. In our study there
also was a lower prevalence of positive acid-fast bacilli
sputum smears in the elderly patients. This may be because
it is more difficult to obtain adequate sputum from elderly
patients. This could be attributed to their inability to pro-
duce sputum (due to weakness or to lack of cooperation) or
to the ‘lower’ quality of the delivered sputum, i.e. more
saliva secretion than pulmonary secretion. Recently, Patel
et al. [13] reported the usefulness of fiberoptic bronchos-
copy in the diagnosis of TB. Fiberoptic bronchoscopy may
be helpful in some elderly patients who are suspected of
having TB, but who cannot expectorate adequate sputum.
Besides, few studies revealed that smear positivity was
increased substantially by provision of simple interventions
such as sputum-submission instructions [14, 15]. Perhaps
sputum-submission instructions on how to expectorate
sputum may aid diagnosis in elderly patients.

The impact of age on the radiographic presentation
of pulmonary TB is important because misinterpretation
of the images might delay appropriate diagnostic tests and
the start of treatment, thus risking the dissemination of
Mycobacterium tuberculosis to others. Most cases of
pulmonary TB in elderly patients are reactivation diseases;
10–20% of cases result from primary infection or reinfec-
tion. Although reactivation TB classically involves the
upper lobes of the lung, several works have reported atyp-
ical radiographic images of tuberculous lesions in elderly
patients, suggesting that pulmonary lesions occur more of-
ten in lower lung fields [16–19]. Our findings are consistent
with the above studies. Thus, clinicians must exercise
caution when interpreting radiographic evidence of TB in
elderly patients because of the possibility that infection
may take hold in an atypical location in the lung fields.

It has been suggested that the higher frequency of
lower lung disease in the elderly is due to immunologic

abnormalities [20] or to a higher frequency of primary TB
[21, 22]. We suggest an alternative explanation, based on
the concept that the multiplication of M. tuberculosis is
favored by a high oxygen tension [23]. Aging leads to
increased alveolar ventilation and reduced perfusion
[24–27], resulting in increased ventilation/perfusion mis-
match and increased alveolar oxygen partial pressure.
These changes should affect the lower lobes more than the
upper lobes because the latter have a higher ventilation/
perfusion ratio and higher alveolar oxygen partial pres-
sure. Therefore, age-induced changes should favor multi-
plication of M. tuberculosis in lower lung zones.

With respect to radiographic images, and in close
relationship with the poorer immunologic status, lung
cavitation was less frequently seen in elderly patients [16,
19]. This lower frequency of cavitation has also been
documented in other immunocompromised patients, such
as HIV-positive subjects with associated TB [28]. One
recent study revealed that cavitation was a predictor of
smear positivity in patients with pulmonary TB [29]. Our
data also confirmed a lower level of positive acid-fast
bacilli sputum smears compatible with a lower prevalence
of cavitation in the elderly pulmonary TB patients.
Besides, our study also showed that the frequency of
pleural effusion in pulmonary TB patients increased in
the elderly. The observation suggests that a significant
proportion of elderly patients may have newly acquired
rather than reactivated TB, as tuberculous pleural effu-
sion usually develops 3–7 months after exposure.

In the present study, all young pulmonary TB patients
survived except 3 (4.1%), whereas 22 (26.5%) of the
elderly patients died (p < 0.001). Some have even reported
mortality rates as high as 20% to 40% in elderly TB
patients [30]. Our results confirm that mortality of pul-
monary TB patients is significantly higher in the elderly
than in the young. Of the factors that have been found to
exert an independent influence on outcome, lower initial
body weight, coexisting medical diseases, and extensive
radiographic disease were all more common in elderly
patients. Although some deaths, especially those associ-
ated with coexisting medical diseases, might not be aver-
ted, careful clinical interpretation of the radiographic
images may help to improve the outcomes of many elderly
pulmonary TB patients.

In conclusion, this study identified some differences in
elderly pulmonary TB patients in comparison to young

Table 6
Independent predictive factors of unfavorable outcomes for pulmonary TB.

Parameter estimate (b) SE of b OR (95% CI) p-Value

Older age (‡ 60 year) 1.060 0.468 2.888 (1.154–7.224) 0.023
Lower initial body weight (< 50 kg) 1.452 0.457 4.272 (1.745–10.458) 0.001
Coexisting medical disease 1.315 0.511 3.726 (1.368–10.148) 0.010
Extensive radiographic disease 0.856 0.435 2.355 (1.004–5.523) 0.049
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ones: a lower prevalence of infectious TB contact,
alcoholism, and cavity as well as a lower level of positive
acid-fast bacilli sputum smears. In contrast, the elderly
population had a higher prevalence of dyspnea, lower lung
zone involvement and pleural effusion. As expected,
elderly tuberculous patients had more prevalence of some
morbid concomitant conditions, such as cardiovascular
disorders and chronic obstructive lung disease. In addi-
tion, age of 60 and older, lower initial body weight less
than 50 kg, coexisting medical diseases, and extensive
radiographic disease were factors independently associ-
ated with unfavorable outcomes. Pulmonary TB should be
included in the differential diagnosis when elderly patients
present with those unusual findings, thus avoiding post-
poning the diagnosis and the silent spread of TB into the
community.

Acknowledgment
There was no financial support of any institution.

References

1. Stead WW, Lofgren JP: Does the risk of tuberculosis increase in
old age?. J Infect Dis 1983; 147: 951–955.

2. Davies PD: Tuberculosis in the elderly. J Antimicrob Chemother
1994; 34: 93–100.

3. Tocque K, Bellis MA, Tam CM, Chan SL, Syed Q, Remmington T,
Davies PD: Long-term trends in tuberculosis. Comparison of
age–cohort data between Hong Kong and England and Wales.
Am J Respir Crit Care Med 1998; 158: 484–488.

4. Yu MC, Bai KJ, Chang JH, Lee CN: Age transition of tuberculosis
patients in Taiwan, 1957–2001. J Formos Med Assoc 2006; 105:
25–30.

5. Perez-Guzman C, Vargas MH, Torres-Cruz A, Villarreal-Velarde
H.: Does aging modify pulmonary tuberculosis?: A meta-
analytical review. Chest 1999; 116: 961–967.

6. Morris CD: The radiography, haematology and biochemistry of
pulmonary tuberculosis in the aged. Q J Med 1989; 71: 529–536.

7. Morris CD: Pulmonary tuberculosis in the elderly: a different
disease?. Thorax 1990; 45: 912–913.

8. Katz I, Rosenthal T, Michaeli D: Undiagnosed tuberculosis in
hospitalized patients. Chest 1985; 87: 770–774.

9. Dutt AK, Stead WW: Tuberculosis in the elderly. Med Clin North
Am 1993; 77: 1353–1368.

10. Rieder HL, Kelly GD, Bloch AB, Cauthen GM, Snider DE Jr:
Tuberculosis diagnosed at death in the United States. Chest
1991; 100: 678–681.

11. World Health Organization: Treatment of tuberculosis: guide-
lines for national programmes (3rd edn). WHO/CDS/TB/
2003.313. Geneva 2003. http://www.who.int/tb/publications/
cds_tb_2003_313/en/index.html. Accessed 1 August 2007.

12. Ben-Yehuda A, Weksler ME: Host resistance and the immune
system. Clin Geriatr Med 1992; 8: 701–711.

13. Patel YR, Mehta JB, Harvill L, Gateley K: Flexible bronchoscopy as
a diagnostic tool in the evaluation of pulmonary tuberculosis in
an elderly population. J Am Geriatr Soc 1993; 41: 629–632.

14. Alisjahbana B, van Crevel R, Danusantoso H, Gartinah T,
Soemantri ES, Nelwan RH, van der Meer JW: Better patient
instruction for sputum sampling can improve microscopic
tuberculosis diagnosis. Int J Tuberc Lung Dis 2005; 9: 814–817.

15. Khan MS, Dar O, Sismanidis C, Shah K, Godfrey-Faussett P:
Improvement of tuberculosis case detection and reduction of
discrepancies between men and women by simple sputum-
submission instructions: a pragmatic randomised controlled
trial. Lancet 2007; 369: 1955–1960.

16. Katz PR, Reichman W, Dube D, Feather J: Clinical features of
pulmonary tuberculosis in young and old veterans. J Am Geriatr
Soc 1987; 35: 512–515.

17. Umeki S: Comparison of younger and elderly patients with
pulmonary tuberculosis. Respiration 1989; 55: 75–83.

18. Teale C, Goldman JM, Pearson SB: The association of age with
the presentation and outcome of tuberculosis: a five-year sur-
vey. Age Ageing 1993; 22: 289–293.

19. Perez-Guzman C, Torres-Cruz A, Villarreal-Velarde H, Vargas
MH: Progressive age-related changes in pulmonary tuberculosis
images and the effect of diabetes. Am J Respir Crit Care Med
2000; 162: 1738–1740.

20. Chan CH, Woo J, Or KK, Chan RC, Cheung W: The effect of age
on the presentation of patients with tuberculosis. Tuber Lung
Dis 1995; 76: 290–294.

21. Tytle TL, Johnson TH.: Changing patterns in pulmonary tuber-
culosis. South Med J 1984; 77: 1223–1227.

22. Van den Brande P, Pelemans W: Radiological features of pul-
monary tuberculosis in elderly patients. Age Ageing 1989; 18:
205–207.

23. Meylan PR, Richman DD, Kornbluth RS: Reduced intracellular
growth of mycobacteria in human macrophages cultivated at
physiologic oxygen pressure. Am Rev Respir Dis 1992; 145:
947–953.

24. Mackay EH, Banks J, Sykes B, Lee G: Structural basis for the
changing physical properties of human pulmonary vessels with
age. Thorax 1978; 33: 335–344.

25. Pump KK: Emphysema and its relation to age. Am Rev Respir Dis
1976; 114: 5–13.

26. Rossi A, Ganassini A, Tantucci C, Grassi V: Aging and the
respiratory system. Aging (Milano) 1996; 8: 143–161.

27. Cardus J, Burgos F, Diaz O, Roca J, Barbera JA, Marrades RM,
Rodriguez-Roisin R, Wagner PD: Increase in pulmonary
ventilation–perfusion inequality with age in healthy individuals.
Am J Respir Crit Care Med 1997; 156: 648–653.

28. Asimos AW, Ehrhardt J.: Radiographic presentation of
pulmonary tuberculosis in severely immunosuppressed
HIV-seropositive patients. Am J Emerg Med 1996; 14: 359–363.

29. Ors F, Deniz O, Bozlar U, Gumus S, Tasar M, Tozkoparan E,
Tayfun C, Bilgic H, Grant BJ: High-resolution CT findings in
patients with pulmonary tuberculosis: correlation with the
degree of smear positivity. J Thorac Imaging 2007; 22:
154–159.

30. Dahmash NS, Fayed DF, Chowdhury MN, Arora SC: Diagnostic
challenge of tuberculosis of the elderly in hospital: experience
at a university hospital in Saudi Arabia. J Infect 1995; 31: 93–97.

C.-S. Wang et al. Impact of Age on TB

340 Infection 36 Æ 2008 Æ No. 4 � URBAN & VOGEL



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


