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ABSTRACT: At present, further investigations are needed in patients with suspected pulmonary

tuberculosis (TB) and either negative sputum smear or without sputum. The aim of the present

study was to analyse the yield of bronchoalveolar lavage fluid (BALF) smear and PCR in patients

with confirmed pulmonary TB.

Patients with a positive culture for Mycobacterium tuberculosis complex in sputum or BALF

were analysed over 5 yrs.

In total, 90 out of 230 (39%) patients with culture-positive pulmonary TB had a positive sputum

smear, and 120 patients underwent bronchoscopy. BALF smear was positive in 56 (47%), BALF

PCR in 93 (78%) patients, and BALF smear and/or PCR was positive in 83%. In total, 71 patients

who underwent bronchoscopy and had complete clinical records were further analysed. BALF

(smear or Mycobacterium tuberculosis complex-PCR) allowed a rapid diagnosis in 10 (59%) out of

17 patients who had a negative sputum smear, and 49 (91%) out of 54 patients without sputum

production. Of these 71 patients, 12 (17%) were only culture positive. Rapid diagnosis of

pulmonary TB by smear and/or PCR was made in 190 out of 210 patients (90%) in sputum or BALF.

In conclusion, combined use of bronchoalveolar lavage fluid smear and Mycobacterium

tuberculosis complex-PCR has a good diagnostic yield in patients with sputum smear-negative

tuberculosis or without sputum production.

KEYWORDS: Bronchoscopy, culture, PCR, smear, sputum, tuberculosis

T
uberculosis (TB) remains a leading health
problem in the world, with an estimated 8
million new cases annually, of whom

about 3.5 million cases (44%) have infectious
(smear positive) pulmonary disease [1, 2]. The
global case fatality rate is ,23% and is .50% in
some African countries with high HIV rates [1].
Incidences differ between countries, depending
on social and economic resources. The prevalence
of pulmonary TB in Switzerland is ,10 cases per
100,000 habitants?yr-1 [3] and lower in people
of Swiss origin compared with those who are of
non-Swiss origin [4]. The highest incidence of
pulmonary TB in Switzerland is observed in
refugees and asylum seekers and is estimated to
be .250 per 100,000 [3].

The investigation for pulmonary TB differs
between countries, depending on the prevalence
and economic status. In patients from a country
with a high prevalence of pulmonary TB and a
high clinical suspicion, anti-TB treatment is
often initiated without further investigations,
even in patients with negative sputum smears

[5]. Ideally, patients with suspected pulmonary
TB and one or more smear-negative sputum
sample require further investigations to confirm
the diagnosis. The diagnosis of ‘‘probable’’
pulmonary TB needs a positive nucleic acid
amplification test result or a positive smear, in
combination with clinical and radiological find-
ings suggestive of pulmonary TB [6]. A definitive
diagnosis of pulmonary TB needs a positive
culture result. In smear-negative specimens,
culture growth takes 16–20 days, even when
automated and semi-automated liquid culture
systems are used [7]. Therefore, further investi-
gations must be undertaken promptly when a
patient does not produce sputum spontaneously,
or when sputum smear is negative.

Few data exist regarding the combined use of
bronchoscopy and PCR in the diagnosis of
pulmonary TB. The aim of the present study
was to assess the diagnostic yield of broncho-
alveolar lavage fluid (BALF) smear and
Mycobacterium tuberculosis complex (MTC)-PCR
in culture-positive TB and to determine clinical,
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radiological and epidemiological characteristics of patients
needing bronchoscopy for the diagnosis of pulmonary TB.

PATIENTS AND METHODS
The current study was conducted at a university hospital in
Switzerland located at the border (Basel), which cares for Swiss
and non-Swiss inhabitants and is also responsible for further
evaluation of asylum seekers and refugees with suspected
pulmonary TB screened at the border. All patients identified
were registered between January 1997 and June 2003 with a
positive culture for Mycobacterium tuberculosis in sputum or
BALF. Diagnostic yield of BAL smear and MTC-PCR was
calculated for patients who had a negative sputum smear or no
sputum at all. Bronchoalveolar lavage was performed as
described earlier [8]. All respiratory specimens were digested
and decontaminated by the sodium dodecyl sulphate-NaOH
method and then centrifuged. Smears of the sediment were
stained with auramine-rhodamine fluorochrome and exam-
ined for the presence of acid-fast bacilli by fluorescence
microscopy. Positive slides were confirmed by Ziehl-Neelsen
staining. Mycobacterial cultures were performed by sample
inoculation onto a Loewenstein-Jensen slant (Bio-Rad, Marnes-
la-Coquette, France) and a Middlebrook 7H10 plus selective
7H11 biplate (Becton Dickinson, Sparks, MD, USA). In
addition, processed specimens were inoculated into liquid
medium, i.e. a BD BACTEC 12B vial (radiometric Bactec 460-TB
system; Becton Dickinson, Franklin Lakes, NJ, USA) by the end
of 2000 and since then, a BacT/ALERT MP bottle (BacT/
ALERT 3D system; BioMérieux, Durham, NC, USA). All
culture media were incubated for o8 weeks. For identification
of tuberculous mycobacteria, the hybridisation assay
AccuProbe culture confirmation kit M. tuberculosis complex
(Gen-Probe, San Diego, CA, USA) and standard biochemical
tests were used. PCR testing for M. tuberculosis complex was
performed using the AMPLICOR kits (Roche Diagnostics,
Mannheim, Germany) for respiratory specimen preparation,
amplification and detection with the COBAS AMPLICOR
analyser (Roche Diagnostics, Basel, Switzerland) according to
manufacturers’ instructions.

The medical records of the patients who underwent broncho-
scopy were examined for clinical and laboratory data including
HIV status (serological test). Chest radiographs were reviewed
by a radiologist blinded to the clinical data. Radiographs were
scored as typical of TB when there was a nodular, alveolar or
interstitial infiltrate or cavitations predominantly affecting the
supraclavicular zones or upper zones of the lung, cavitations in
the apical segment of the lower lobe or a miliary pattern. In the
absence of these signs, chest radiographs were scored as
atypical [9].

Statistics
Data were analysed using a Fisher’s exact test for categorical
data and Mann-Whitney U-test for noncategorical data. Data
are presented as mean¡SD. A p-value of ,0.05 was considered
to be statistically significant.

RESULTS
In total, 230 patients with culture-positive pulmonary TB were
identified (fig. 1). In 90 (39%) patients, the initial diagnosis was
based on sputum smear, and in 20 (9%) patients sputum smear
was negative, but no further investigations were performed.

Bronchoscopy with bronchoalveolar lavage was performed in
120 (52%) patients. The diagnostic yield of BALF direct smear
for TB was 47% (56 out of 120) and BALF MTC-PCR was
positive in 78% (93 out of 120) of patients. BALF MTC-PCR was
exclusively positive in 44 patients who were BALF smear
negative. Therefore, the overall diagnostic yield of BALF was
83% (100 out of 120). Of the 25 patients with a negative sputum
smear, BALF led to rapid diagnosis in 14 (56%) patients (eight
BAL MTC-PCR and BALF smear positive; six BALF MTC-PCR
positive and BALF smear negative), and 11 (44%) were only
culture positive. Of the 95 patients, 86 (91%) who did not
produce sputum spontaneously were rapidly diagnosed by
BALF (smear and/or MTC-PCR positive). Of the 120 patients,
20 (17%) with smear-negative sputum or no sputum were only
culture positive. Combining sputum smear and BALF smear/
MTC-PCR, a rapid diagnosis of pulmonary TB was made in
190 of 210 (90%) patients.

In 49 out of 120 patients who underwent bronchoscopy,
medical records were not available or incomplete, and these
patients were excluded from further analysis. Therefore,
clinical data from the remaining 71 patients who underwent
BALF for diagnosis of pulmonary TB could be analysed in
detail. Of these, 17 (24%) patients had a negative sputum smear
and 54 (76%) patients had no sputum production, 55 (77%)
were males and 44 (62%) were smokers. In total, there were 27
(38%) patients of Swiss origin (aged 49¡16 yrs), 16 (23%) from
Southern Europe (aged 38¡18 yrs), 11 (15%) from Eastern
Europe and Eastern Mediterranean (aged 32¡10 yrs) and 17
(24%) from other countries (Africa (n58), Asia (n54), South
America (n53) and Middle East (n52); aged 33¡15 yrs). Only
three (4%) of these patients had a known history of TB.
Comorbidities, such as alcohol abuse (16 patients) and diabetes
(three patients), were present in 19 patients. Four patients had
a history of both alcohol and intravenous drug abuse. History
of diabetes or alcohol abuse was present in 14 out of 27 (52%)
patients of Swiss origin and in five out of 44 (11%) patients of
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FIGURE 1. Analysis of patients with a positive culture for Mycobacterium

tuberculosis. BAL: bronchoalveolar lavage.
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non-Swiss origin. Serological testing for HIV was positive in
six (8%) patients, negative in 41 patients and has not been
performed in 24 patients.

Clinical and radiological findings
Symptoms (cough, weight loss, night sweats, fever, haemop-
tysis, dyspnoea) were present in 58 out of 71 (82%) patients.
Twelve (17%) patients were completely asymptomatic. Ten
patients were suspected to have pulmonary TB based on chest
radiograph screening performed for asylum seekers, and the
remaining two patients had pulmonary infiltrates of unknown
cause. In one patient, symptoms were not registered. The most
frequent symptom was cough (69%), followed by weight loss
(43%), night sweats (31%), fever (27%), dyspnoea (12%) and
haemoptysis (11%). Forty-seven (66%) patients had two or
more symptoms. Chest radiographs were available for review
in 57 patients with 41 (71%) scored as typical for TB with
cavitations in 14 patients. Two patients had normal chest
radiographs, and the reasons for bronchoscopy were typical
symptoms as described above.

C-reactive protein and white blood cell count
Mean C-reactive protein (CRP) was 45¡67 mg?L-1 (range 1–
399 mg?L-1). Twenty (28%) patients had a CRP .50 mg?L-1 and
18 (90%) of them were symptomatic. Asymptomatic patients
had a mean CRP of 15¡17 mg?L-1 and a mean white blood cell
count of 7.6¡2.66109?L-1. The mean white blood cell count of
all patients was 8.5¡3.76109?L-1 (range 4.2–256109?L-1). Only
16 out of 71 (22%) patients had a white blood cell count
.106109?L-1, and, of those, 14 (87%) were symptomatic.

Clinical data based on the prevalence of TB based on
country of birth
Of the study patients, 31 were from countries with a
prevalence of TB ,10 per 100,000 (Switzerland (n527) and
four from Italy (n54)). Nine patients were from countries with
a prevalence of 10–50 per 100,000 (Spain (n51), Albania (n52),
and Turkey (n56)). The remaining 31 patients were from
countries with a prevalence of .50 per 100,000 (former
Yugoslavia (n58), Georgia (n53), Brazil, Sierra Leone and
Iraq (each n52), and Croatia, Armenia, Algeria, Russia,
Thailand, Peru, China, Angola, India, Pakistan, Senegal,
Liberia, Ethopia and Nigeria (each n51)) [10]. Based on the
American Thoracic Society and Centers for Disease Control
and Prevention guidelines, the clinical data was analysed to
assess the pre-test probability of TB by examining whether the
patients belonged to the higher prevalence groups and/or
high-risk groups (table 1) [11]. The mean age, smoking history
and the presence of two or more symptoms were significantly
higher in the low-prevalence group (,10 per 100,000)
compared with the other two groups (table 1; p,0.05).
Alcohol abuse was also significantly higher in patients
belonging to the low-prevalence group (,10 per 100,000)
compared with the high-prevalence group (.50 per 100,000;
p.0.05; table 1). The finding of a typical chest radiograph was
significantly higher in patients belonging to the high pre-
valence group (.50 per 100,000) compared with the low-
prevalence group (,10 per 100,000; p,0.05; table 1).

Endobronchial abnormalities were seen in 18 (25%) patients,
including acute inflammation (n510), purulent bronchitis

(n54), hemorrhagic bronchitis n53) and perforated caseous
lymph nodes (n51).

Bacteria were grown in BALF culture in 16 out of 71 (22%)
patients. The bacteria found were: Staphylococcus pneumoniae
(n55), Haemophilus influenzae (n55), Enterobacter spp. (n52),
Neisseria spp. (n53) and Klebsiella spp. (n51). Drug resistant TB
was present in 10 (15%) patients, with four of them showing
multidrug resistance.

The comparative data for patients who had a rapid diagnostic
bronchoscopy (BALF smear or MTC-PCR positive; 59 out of 71
patients) and those in whom the definitive diagnosis was
delayed (BALF smear and MTC-PCR negative, but culture
positive; 12 out of 71 patients) are presented in table 2. The two
groups did not differ in regard to epidemiological character-
istics and radiological findings. However, patients in whom
the definitive diagnosis was delayed (only BALF culture
positive) were significantly less symptomatic and had a
significantly lower CRP and white blood cell count.

DISCUSSION
The diagnosis of TB based on a positive sputum smear is
reported in 22–50% of patients with culture-positive pulmon-
ary TB [1, 12–15]. The 39% diagnostic rate of sputum smear in
the current authors’ institution is in the same range as reported
in literature.

The value of MTC-PCR in respiratory samples to obtain a rapid
diagnosis of pulmonary TB has been described in many studies
[16–18]. In smear-positive specimens MTC-PCR has a sensi-
tivity of 86–95% and specificity of 98–100%, whereas in smear-
negative specimens, the sensitivity is significantly lower at
62–77%, while the specificity is still high at 98% [18–20]. MTC-
PCR of bronchial aspirates in patients with smear-negative
sputum has a sensitivity reported ranging 36–97% [21, 22]. This
wide range might be explained by the use of different samples
(BALF versus bronchial secretions) and differences in patient

TABLE 1 Clinical data based on prevalence (per 100,000)
of tuberculosis (TB) by country of birth

,10 per

100,000

10–50 per

100,000

.50 per

100,000

Subjects n 31 9 31

Age yrs 50¡18 31¡12 33¡13

Smoking history 25 (81) 3 (33) 16 (52)

Previous TB Nil 2 (22) 1 (3)

HIV 5/25 (20) Nil 1/20 (5)

o2 symptoms 25 (81) 4 (44) 17 (55)

Alcohol abuse 13 (42) Nil 3/31 (9)

Diabetes mellitus 4 (13) Nil 2/31 (6)

Intravenous drug abuse 3 (10) Nil 1/31 (3)

Typical chest radiograph 13/24 (54) 6/7 (86) 21/25 (84)

CRP 34 (5–399) 14 (5–53) 6 (1–140)

White blood cell count

6109?L-1

9.3¡4.6 7.3¡1.3 8.0¡3.0

Data are presented as n, mean¡SD, n (%) or median (range). CRP: C-reactive

protein.
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characteristics (patients with clinical symptoms of TB versus
patients with only radiographical abnormalities). MTC-PCR in
BALF had a sensitivity of 78% for detection of pulmonary TB in
sputum smear-negative patients or patients without sputum
production. The combination of BALF smear and MTC-PCR has
a very high diagnostic yield of 91% in patients not producing
sputum and of 56% in patients with smear-negative sputum.

Several studies have compared induced sputum with broncho-
scopy for the diagnosis of pulmonary TB. Induced sputum is
reported to produce a positive smear result in 22–64% of
patients with suspected pulmonary TB who do not produce
sputum or who have smear-negative spontaneous sputum [23–
25]. This is less compared with the present results with BALF
MTC-PCR. Studies directly comparing sputum induction with
bronchoscopy in low-prevalence countries using nucleic acid
amplification techniques for rapid diagnosis of pulmonary TB
are, to the current authors’ knowledge, not available. This
aspect could not be assessed in the present study, as sputum
induction is not performed routinely in the hospital. However,
sputum induction is less expensive than bronchoscopy and has
been reported to have a comparable diagnostic yield to
bronchoscopy when three induced sputa are analysed [13, 25,
26]. In these studies, sputum induction with hypertonic saline
produced an adequate specimen in 71–99% of patients. The
findings of the current study suggest that in a country with a
low prevalence of TB, BALF smear and MTC-PCR allows a
rapid diagnosis of TB in .80% of patients who are either
sputum smear negative or not able to produce sputum.
Therefore, a final diagnosis can be made within 1 or 2 days.

Male dominance and the high incidence of smoking history in
almost two thirds of the patients concur with observations
reported in the literature [27]. The rate of Swiss patients and
foreigners with pulmonary TB (38 and 62%, respectively) is

within the range reported in a recent epidemiological survey of
TB in Switzerland [4]. Bronchoscopy, for reasons other than
for suspicion of pulmonary TB, such as haemoptysis or
radiological undetermined infiltrates, was performed in one
fifth of patients. As pulmonary TB has a low prevalence in
Switzerland, treating physicians do not often consider TB as a
differential diagnosis. Alcohol abuse and diabetes were much
more common in pulmonary TB patients of Swiss origin
compared to non-Swiss patients. This is in accordance with an
Italian study that found alcohol abuse, diabetes and history of
recent contact to be the most important risk factors for
pulmonary TB among native Italians [15]. Therefore, pulmon-
ary TB should be considered as a differential diagnosis in
patients with alcohol abuse and diabetes who have radiologi-
cal infiltrates.

Most of the study patients with culture-proven pulmonary TB
had typical abnormalities on chest radiographs, which is
consistent with the literature [9, 28, 29]. Atypical patterns are
often found in patients with diabetes or in renal transplant
recipients [30]. However, REICHENBERGER et al. [31] have
previously reported a very low incidence of TB in immuno-
compromised patients. Between 42 and 86% of patients with
pulmonary TB may be symptomatic [32, 33]. Only 20% of the
study patients with confirmed pulmonary TB were completely
asymptomatic. Asymptomatic patients had a lower CRP level,
whereas white blood cell counts were in the same range in both
symptomatic and asymptomatic patients. Of the 12 asympto-
matic patients in the study, nine were asylum seekers screened
at the border by chest radiographs, and eight of those had
lesions typical for pulmonary TB. Patients with a diagnosis of
pulmonary TB only in culture (sputum and BALF smear and
MTC-PCR negative) usually have lower CRP and white blood
cell counts compared with patients who are BALF smear or
MTC-PCR positive. Furthermore, they are less likely to have
two or more respiratory or constitutional symptoms.

The pre-test evaluation is based on the high prevalence and
high risk-factor grouping. This suggests that patients with
culture-positive TB, from low-prevalence countries, had a
lesser chance of presenting with a typical chest radiograph
suggestive of TB, but had more constitutional symptoms.
However, those patients from high-prevalence countries had a
significantly higher chance of presenting with a typical chest
radiograph suggestive of TB, but had lesser constitutional
symptoms compared with patients from low-prevalence states.
Therefore, the findings of the present study suggest that
bronchoscopy is useful in patients from countries with low
prevalence as well as high prevalence of TB (table 1).
Physicians might be aware of a potential diagnosis of TB in
patients originating from a high-prevalence country, which
might explain the differences in the clinical presentation. It also
highlights that physicians should always think about TB in
HIV-negative patients from low-prevalence countries.

Gastric aspiration is a valuable method in the diagnosis of TB
in children. It has also been used in the diagnosis of pulmonary
TB for .30 yrs in adults, but has not found a place in routine
clinical use [34]. Bronchial washings have been reported to be
superior to gastric washings in making a culture-positive
diagnosis of TB [35]. Recently, the string test has been
documented to be safe and effective for the retrieval of useful

TABLE 2 Characteristics of patients with a rapidly
diagnostic bronchoalveolar lavage (BAL)
compared to those with a delayed diagnosis with
only a positive culture

BAL smear

or PCR positive

Only culture

positive

p-value

Subjects n 59 12

Age yrs 41¡18 38¡14 0.7

Males 45 (76) 10 (83) 0.27

Smokers 36 (61) 7 (58) 0.25

HIV positive 5 (8) 1 (8) 0.42

Swiss origin 24 (41) 3 (25) 0.16

Typical chest radiograph 33/48 (69)# 7/8 (87)# 0.21

Radiological cavitations 13/48 (27)# 1/8 (12)# 0.27

No symptoms 8 (14) 4 (33) 0.09

o2 symptoms 41 (70) 6 (50) 0.02

CRP mg?L-1 22 (0.5–138) 5 (3–399) ,0.001

White blood cell count

6109?L-1

8.9¡4.0 6.5¡1.2 0.009

Data are presented as n, mean¡SD, n (%) or median (range). CRP: C-reactive

protein. #: some patients were unavailable.
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clinical specimens for diagnosis of pulmonary TB [36].
However, to the authors’ knowledge, there are no data
comparing the string test with BALF.

The limitations of the current study are its retrospective nature
and the unavailability of induced sputum. The value of
induced sputum for sputum smear-negative tuberculosis is
currently under discussion [13, 25, 26]. Induced sputum has
been shown to be at least as good as bronchoscopy when
molecular methods are not used to achieve a rapid diagnosis.
However, randomised controlled trials comparing three
induced sputa using smear, Mycobacterium tuberculosis
complex-PCR and culture, with bronchoalveolar lavage fluid
smear, Mycobacterium tuberculosis complex-PCR and culture are
lacking. Therefore, the current findings support that combin-
ing bronchoalveolar lavage fluid smear and Mycobacterium
tuberculosis complex-PCR allow for a rapid diagnosis of
pulmonary tuberculosis in patients who are sputum smear
negative or have no sputum production at all.
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