
Can Respir J Vol 17 No 4 July/August 2010 e81

Induced sputum for the diagnosis of pulmonary 
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Available methods for obtaining microbiological confirma-
tion of active pulmonary tuberculosis (PTB) include the 

examination of spontaneously expectorated sputum (SES), 
induced sputum (IS), gastric washings, aspirates from fibre-
optic bronchoscopy (FOB) and collection of postbronchoscopy 
sputum. In patients unable to spontaneously expectorate, pub-
lished evidence suggests that IS is an effective, noninvasive 
and cost-efficient method of diagnosis (1-6), and that it should 
be used before FOB referral (7).

FOB increases the potential for patient complications includ-
ing bleeding, airway complications and pneumothorax, whereas 
IS has fewer potential side effects (8). FOB also puts health care 
workers at increased risk of contracting PTB (9-11).

The sixth edition of the Canadian Tuberculosis Standards, 
recommends that FOB be used only if IS and SES are unavail-
able, or if all samples are smear negative (7).

Despite the published evidence and the Canadian recom-
mendations, we continue to encounter FOB referral for the 
diagnosis of PTB in our practice location, often in patients 
without previous sputum sample submission. Therefore, we 
sought to review our database of PTB patients in northern 
Alberta to determine the local practice pattern, including the 
frequency of use for each diagnostic method and the sequence 
in which they were ordered. We also wanted to evaluate the 
diagnostic yield of the various methods used in our health 
region and, as a secondary outcome, to determine whether 
there were any demographic factors that correlated with either 
IS or FOB as the preferred diagnostic method. 

Methods 
Ethics approval for the present study was granted by the 
University of Alberta Research Ethics Board (Edmonton, 
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BaCKGRound: Diagnosing pulmonary tuberculosis (PTB) is challeng-
ing in patients who are unable to spontaneously expectorate. Published 
evidence suggests that induced sputum (IS) is the least invasive and most 
cost-effective method of diagnosis, and should be used before fibre-optic 
bronchoscopy (FOB).  
Methods: The medical records of 337 adults treated for PTB in north-
ern Alberta between 1997 and 2007 were reviewed to determine whether 
local practice patterns reflect the evidence. Microbiological data were col-
lected from the Provincial Laboratory for Public Health. Demographic 
information was collected from the patients’ charts. 
ResuLts: A total of 8.5% (26 of 307) of PTB patients had IS collected, 
whereas 35.8% (110 of 307) underwent FOB. Among FOB patients, 56.4% 
(62 of 110) had no sputum sent before the procedure and 29% (18 of 62) 
of these patients were smear positive. Only five patients referred for FOB 
had IS sent previously. There were no demographic factors predictive of IS 
use, whereas being an inpatient at a teaching facility or having a nodule or 
mass on chest x-ray was predictive of FOB referral. Because so few IS sam-
ples were available, not all patients had spontaneously expectorated spu-
tum, IS and FOB tests performed; thus, the calculated yields were not 
comparable with one another.
ConCLusIons: Despite published evidence recommending IS collec-
tion before FOB referral in suspected PTB patients, clinicians in our health 
region appeared to  prefer early FOB over IS by a large margin. This prac-
tice pattern is less cost effective and exposes patients and health care work-
ers to greater risk. Further research is needed to identify the reasons for the 
underuse of sputum induction. 
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Induction des expectorations pour le diagnostic de 
la tuberculose pulmonaire : est-ce utile dans la 
pratique clinique?

hIstoRIQue : Le diagnostic de la tuberculose pulmonaire (TBP) est un 
défi chez les patients qui sont incapables d’expectorer spontanément. Les 
preuves publiées donnent à penser que l’induction des expectorations (IE) est 
la méthode diagnostique la moins effractive et la plus économique et elle doit 
être utilisée avant la bronchoscopie par fibre optique (BFO).
MÉthodes : On a passé en revue les dossiers médicaux de 337 adultes 
traités pour TBP dans le Nord de l’Alberta entre 1999 et 2007 afin de 
déterminer si les modes de pratique locaux sont le reflet des récentes 
directives. Les données microbiologiques ont été recueillies à partir du 
laboratoire provincial de santé publique. Quant aux renseignements 
démographiques, ils ont été recueillis à partir des dossiers des patients.
RÉsuLtats : En tout, on a soumis 8,5 % des patients atteints de TBP (26 sur 
307) à l’IE, tandis que 35,8 % (110 sur 307) ont subi une BFO. Parmi les 
patients soumis à la BFO, 56,4 % (62 sur 110) n’avaient soumis aucun 
spécimen d’expectoration avant l’intervention et 29 % (18 sur 62) de ces 
patients présentaient un frottis positif. Seulement cinq patients soumis à la 
BFO avaient déjà fourni un spécimen par IE. Aucun facteur démographique 
n’a semblé prédicteur de l’utilisation de l’IE, tandis que le fait d’être hospitalisé 
dans un établissement d’enseignement ou de présenter un nodule ou une 
masse à la radiographie pulmonaire était prédicteur d’une demande de BFO. 
Étant donné le si petit nombre d’échantillons d’IE accessibles, les patients 
n’ont pas tous subi de tests sur des expectorations spontanées, des expectorations 
induites et des spécimens de BFO; ainsi, les rendements calculés n’ont pu être 
comparés les uns aux autres.
ConCLusIons : Malgré les preuves publiées recommandant l’IE avant 
toute demande de BFO chez les patients soupçonnés de souffrir de TBP, un 
important pourcentage de médecins de notre régie régionale ont semblé 
préférer une BFO précoce plutôt que l’IE. Cette pratique est moins économique 
et expose les patients et les travailleurs de la santé à un risque plus grand. Il 
faudra approfondir la recherche pour découvrir les raisons de la sous-
utilisation de l’induction des expectorations.
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Alberta). Using the local PTB registry, 337 adults treated for 
PTB in northern Alberta between 1997 and 2007 were identi-
fied. Pediatric cases were excluded because the indications for 
sputum induction are not as well established in children. 
Microbiological data were collected from the Provincial 
Laboratory for Public Health, where all mycobacteriology test-
ing in the province is performed. The results of all diagnostic 
samples sent before the date that antituberculous medications 
were initiated were recorded, as were the sampling method and 
the smear and culture results. Postbronchoscopy sputum samples 
were considered as such if sent within 48 h following the pro-
cedure. The hospital or other clinical setting of collection was 
also recorded. Demographic information was collected from the 
patients’ charts including age, sex, HIV status and chest x-ray 
(CXR) results as reported by a radiologist. CXR reports were 
considered ‘inactive’ if they were reported to be normal or if 
they had findings consistent with previous tuberculosis as out-
lined in the sixth edition of the Canadian Tuberculosis Standards 
(granulomas, calcified hilar nodes, costophrenic angle blunting, 
apical pleural capping or apical fibronodular disease) (8). 
Statistical analysis was performed using the two-tailed t test or 
c2 test, as indicated.

ResuLts
Patient characteristics
Of the 337 patients identified, 30 were excluded because of inad-
equate data. Of the 307 remaining patients, 41 had no positive 
microbiological confirmation of PTB and were treated on the 
basis of clinical suspicion; these patients were included in the 
final analysis. Patient characteristics are summarized in Table 1.

use of ses samples
A total of 272 patients had at least one SES sample sent before 
starting treatment, while 111 patients had at least one smear-
positive sputum sample. An additional 121 patients had at 
least one smear-negative/culture-positive sputum sample, yield-
ing an overall sensitivity of 85.3% in the group of patients with 
SES sent (Table 2). A total of 179 patients (77.2%) had a posi-
tive smear or culture on the first SES sample sent, yielding a 
sensitivity of 65.5% for a single sputum sample.  

use of Is samples
Only 8.5% (26 of 307) of patients had one or more IS samples 
ordered. Twenty-two of the 26 IS samples were sent after 2002. 
Of the 26 samples sent, 15 were either smear or culture positive, 
yielding a sensitivity of 57.7% in this group (Table 2).  

use of bronchoscopy
A total of 35.8% (110 of 307) of patients were referred for 
FOB. Of these patients, 78 were either smear or culture posi-
tive, yielding a sensitivity of 70.7% in this group (Table 2). In 
the group of patients who underwent FOB, 56.4% (62 of 110) 
did not have a sputum sample of any kind sent before the pro-
cedure (Figure 1). Twenty-nine per cent (18 of 62) of these 
patients were smear positive at bronchoscopy. Only 0.5% (five 
of 110) of patients referred for FOB had IS sent before the pro-
cedure (Figure 1).  

use of postbronchoscopy sputum samples
A total of 26 patients had a postbronchoscopy sputum sample 
sent. Of these, 10 were smear positive and 11 were smear nega-
tive/culture positive, for an overall sensitivity of 80.8% (Table 2). 
Of note, seven patients with a positive postbronchoscopy sputum 
sample had culture-negative samples at bronchoscopy. 

TABLE 1
Patient characteristics
Mean age, years (range) 53.6 (18–96)

Sex

   Male 181 (59)

   Female 126 (41)

Site of diagnosis 

   Outpatients 149 (48.5)

   Inpatients 124 (40.4)

   Not available 34 (11.1)

HIV serostatus 

   Patients tested 233 (76)

   HIV positive 17 (5.5)

Chest x-ray 

   Report available 290 (94)

   Active disease, n/n (%) 194/290 (66)

   Inactive*, n/n (%) 96/290 (33)

   Nodule/mass, n/n (%) 37/290 (12)

Data presented as n (%) unless indicated otherwise. *Inactive disease as 
defined by Canadian Tuberculosis Standards, 6th edition (see methods)

TABLE 2
Results according to method of diagnosis

Patients

Smear 
positive,  
culture 

negative

Smear 
negative,  
culture 
positive

Smear 
negative,  
culture 

negative
Sensitivity, 

%
Total* 307 148 198 88
SES 272 111 121 40 85.3
Induced sputum 26 4 11 11 57.7
Fibre-optic 

bronchoscopy
110 23 55 32 70.7

Postbronchoscopy 
sputum

26 10 11 5 80.8

Data presented as n unless indicated otherwise. *Total number of samples 
exceeds number of patients because some patients submitted more than one 
sample type. SES Spontaneously expectorated sputum 
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Figure 1) Number of sputum samples sent before bronchoscopy 
referral. Most patients (62 of 110) referred for bronchoscopy did 
not have sputum samples, either spontaneously expectorated 
(SES) or induced (IS) sputum sent before the procedure. Only 
five of 110 patients had IS ordered before bronchoscopy
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secondary outcomes
No demographic factors that were predictive of IS use were 
found. The majority of the IS samples were obtained from out-
patients (18 of 26), with only eight samples collected from 
inpatients; however, this difference did not reach statistical 
significance. A difference in practice pattern between the 
three teaching hospitals in the city – one of which is primarily 
a community practice, one is university affiliated and the other 
is located in the downtown core – was anticipated. A total of 
63, 26 and 71 PTB patients were diagnosed at each hospital 
respectively; however, the rate of IS use between sites was not 
significantly different at 11.5% (three of 63), 3.8% (one of 26) 
and 26.9% (seven of 71), respectively. The remaining 15 IS 
samples were sent from a variety of sites other than the three 
teaching hospitals; however, there was no significant difference 
in the rates of IS use between teaching and nonteaching sites. 
We also considered that CXR findings that were indicative of 
active PTB may have influenced the rate of IS submission, but 
this was not the case because 12 of 26 IS samples were from 
patients with an active CXR versus 11 of 26 from those with a 
reportedly ‘inactive’ CXR. Because none of the IS samples 
belonging to HIV-positive patients were sent, this factor could 
not be evaluated. Age and sex were not predictive of IS use.

In contrast, it was found that FOB was more likely to be 
performed on inpatients (56 of 124) than outpatients (39 of 
149) – a finding that was statistically significant (P=0.001). 
Seventy-six of 110 FOB patients had a CXR consistent with 
active PTB versus only 29 with a reportedly inactive CXR, but 
this difference did not reach statistical significance. Twenty of 
110 FOB patients had a nodule or mass on CXR (other than a 
granuloma) – a finding that was statistically significant 
(P=0.014). There was no difference in FOB referral among 
hospital sites, with rates of FOB referral of 50.8% (32 of 63), 
53.8% (14 of 26) and 50.7% (36 of 71), respectively. The 
remaining 28 FOB samples were collected from sites other 
than the three main teaching hospitals, yielding a rate of 19% 
(28 of 119), which was significantly different than the rate at 
teaching sites (P=4.14×10–9). Other demographic factors 
including HIV serostatus, sex and age were not predictive of 
bronchoscopy referral. 

dIsCussIon
The primary purpose of the present study was to evaluate the 
practice pattern of diagnosing PTB in our health region, which 
has a well-resourced tuberculosis control program and ready 
access to tuberculosis specialist physicians. The sixth edition of 
the Canadian Tuberculosis Standards recommends that when 
SES is not diagnostic or cannot be obtained, sputum induction 
is preferred over FOB as the method of diagnosis (7). The cur-
rent study demonstrated that surprisingly few PTB patients in 
our health region underwent IS testing, suggesting that clin-
icians prefer early FOB over IS by a large margin. Only 8.5% 
(26 of 307) of PTB patients had IS ordered, whereas 35.8% 
(110 of 307) had FOB. One might expect FOB to be performed 
if several IS samples were obtained and found to be smear nega-
tive; however, only five patients (0.5%) had IS ordered before 
bronchoscopy referral (Figure 1).  

We believe that these results have several key implications 
for patient care in our health region and across the country. 
First, the cost of IS has been shown to be substantially less than 

FOB (1,2) and, although Canada would be considered to be a 
resource-rich country worldwide, the success and sustainability 
of our health care system depends on intelligent stewardship of 
all resources. The present study showed that physicians in our 
health region were opting for the more expensive route.

Cost aside, the primary consideration for clinicians is the 
patient’s well-being. In this regard, there is ample evidence 
proving the effectiveness of IS for diagnosing PTB. A 1995 
study by Anderson et al (1) that compared IS with FOB found 
that sputum induction had a sensitivity of 87% while bron-
choscopy had a sensitivity of 73%. These results were supported 
in several more recent trials. In a study from New Zealand from 
2000, McWilliams et al (2) diagnosed 41 of 42 (98%) cases of 
PTB after three IS samples were taken with only one additional 
case detected by FOB. In 2007, Brown et al (3) demonstrated 
that performing FOB on 21 patients who had smear-negative 
results by IS did not yield any additional positive cultures. A 
prospective study by Schoch et al (4), also from 2007, evalu-
ated the use of IS in immigrants to Switzerland with suspicious 
chest radiographs who were unable to expectorate spontan-
eously. They discovered that using IS in addition to SES 
increased the yield of culture-positive PTB from 60% to greater 
than 80%. Performing FOB added four smear-positive and six 
culture-positive cases; however, the examination of bronchial 
aspirates alone would have missed nine of 33 (27%) cases (4). 
A 2008 prospective comparison (5) of IS and FOB for the diag-
nosis of suspected smear-negative PTB cases in Bangladesh 
found that IS had a significantly higher diagnostic yield (74%) 
than FOB (58%). A 2009 study by Bell et al (6) found that 44 of 
46 (95.6%) cases of PTB were detected by SES or IS, with 
limited additional diagnostic yield provided by FOB.  

The clinician may be tempted to assume that because FOB 
is more invasive than IS, it will be more ‘definitive’. The above 
evidence proves that this is not the case and, in fact, the 
patient is exposed to additional risk from the more invasive 
procedure (8). A recent review article by Mohan and Sharma 
(12) on the diagnosis of smear-negative PTB suggested that 
early FOB referral may be the preferred diagnostic modality 
(over IS) in resource-rich environments. We would argue that 
patients in all countries should benefit from noninvasive diag-
nostic techniques, such as sputum induction, before being 
subjected to procedures with more potential for 
complications.

A concerning finding in our study was that 54.5% of 
patients underwent FOB with no previous sputum samples sent 
and that 29% of these patients were smear positive at bron-
choscopy. There is evidence to suggest that FOB increases the 
transmission of PTB to health care workers (9-11); thus, send-
ing smear-positive patients to the bronchoscopy suite may pose 
significant risks to bronchoscopy attendees, which often 
include students and residents in addition to the regular bron-
choscopy suite staff at our teaching hospitals.

Based solely on our data, it is difficult to draw conclusions as 
to why FOB was preferred over IS in our health region. Our 
study was retrospective in nature, with data that were collected 
from microbiology test results; therefore, we cannot speculate 
on the clinician’s rationale for ordering tests in each specific 
case. However, we attempted to correlate FOB referral with 
demographic factors collected from the patients’ charts. We 
found that patients with a mass or nodule on CXR other than a 
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granuloma was predictive of referral for FOB. This is logical 
because such a finding would imply a possible malignancy and 
may prompt the clinician to order FOB rather than IS. More 
inpatients underwent FOB than outpatients and we can only 
speculate as to the reason for this. It may suggest that a more 
invasive procedure is preferred for patients with greater disease 
severity such as hospital inpatients or because of a lack of 
access to inpatient sputum induction equipment. Patients at 
the three teaching hospitals were more likely to undergo FOB 
than those diagnosed in a nonteaching environment – this 
almost certainly reflects the fact that many smaller facilities in 
our health region do not have bronchoscopic capabilities and 
are referring their patients to the teaching hospitals for the 
procedure.

One of the secondary goals of our study was to determine 
the yield of the various diagnostic methods in our health 
region. Unfortunately, several limitations of the present study 
prevented us from drawing any strong conclusions. Because 
there were too few IS samples available, not all patients had 

SES, IS and FOB testing performed. Thus, the calculated yields 
(Table 2) are not comparable because they represent different 
patient groups.  

ConCLusIon
The practice pattern in our health region for diagnosing PTB 
appears to favour the use of FOB over IS, despite published evi-
dence indicating that IS is more cost efficient, less invasive and 
more effective at diagnosing PTB than FOB. Further research is 
needed to address the underlying reasons for this trend.
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