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Induced sputum for the diagnosis of lung disease in
HIV-positive patients*

ROSEMERI MAURICI DA SILVA, PAULO JOSÉ ZIMERMANN TEIXEIRA, JOSÉ DA SILVA MOREIRA

Background: Induced sputum is widely used in assessing airway inflammation. However, its utility as a
diagnostic tool in the diagnosis of lung disease in immunosuppressed patients merits further investigation.

Objectives: To determinate the diagnostic yield of sputum induction in the diagnosis of lung diseases in
HIV-positive patients.

Method: Subjects were selected from among HIV-positive patients older than 14 years who were evaluated
at a reference hospital between January 2001 and September 2002. Those with respiratory symptoms for 7
days or longer with normal or abnormal chest X-rays, as well as those without respiratory symptoms but
with abnormal chest X-rays, were included. All subjects were submitted to clinical examination, radiologic
evaluation, sputum induction and laboratory testing. Subsequently, flexible fiberoptic bronchoscopy,
bronchoalveolar lavage and transbronchial lung biopsy were performed. Samples were processed for Gram
and Ziehl-Neelsen staining, quantitative culture for pyogenic bacteria, direct staining for fungi, culture for
mycobacteria and fungi, silver stain for Pneumocystis jiroveci, as well as for total and differential cellularity
determination.

Results: A total of 54 patients were included. Upon testing negative for any etiologic agent, 7 patients were
excluded, resulting in a total of 54 patients studied. A total of 60 infectious agents were isolated. Among
the etiologic agents isolated, 46.7% were P. jiroveci, 33.5 were pyogenic bacteria and 16.7% were
Mycobacterium tuberculosis. Sputum induction presented 57.5% sensitivity, 42.9% specificity, 87.1%
predictive positive value, 13% predictive negative value and 55.6% overall accuracy.

Conclusions: In this population, sputum induction proved to be a technique that is safe and easily performed,
with a good diagnostic yield.
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Abbreviations used in this paper:
BAL – Bronchoalveolar lavage
BALF – Bronchoalveolar lavage fluid
HIV – Human immunodeficiency virus
FEV1 – Forced expiratory volume in one second
TBLB – Transbronchial lung biopsy

INTRODUCTION
It is estimated that 65% of the patients infected

with human immunodeficiency virus (HIV) will
present pulmonary involvement as their first clinical
manifestat ion of the syndrome, and that
approximately 80% of these patients will present
some kind of pulmonary involvement over the
course of the disease(1). Infectious respiratory
symptoms in patients diagnosed with acquired
immunodeficiency syndrome (AIDS) may be caused
by any one of a number of pathogen groups. In
addition, HIV infection is a dynamic condition in
which the immune state and the risk of infection
with specific etiologic agents change with time
and with the stage of the disease(2).

The clinical spectrum of pulmonary diseases is
very similar to that of the various etiologic agents,
which makes it extremely difficult to arrive at a
diagnosis based solely on signs and symptoms(3-5).
High rates of morbidity and mortality justify specific
treatment for this group of patients(6).

There is  st i l l  considerable controversy
surrounding the issue of managing
immunosuppressed patients with pulmonary
diseases(7,8). Sputum testing is the least invasive
method available. The fact that most patients in
this group do not spontaneously expectorate makes
the use of this noninvasive procedure more
difficult(9). For such patients, the use of a method
called induced sputum as a diagnostic tool merits
further investigation(8). It is known that invasive
procedures are not risk free and that patients with
AIDS, because of their physical fragility and
abnormal immunological status, are more likely to
present adverse effects from diagnostic or
therapeut ic procedures than are
immunocompetent patients(10). Because of this, we
must define the exact role of noninvasive
techniques, which should be fast, safe, inexpensive
and accessible to institutions in which complex
procedures are not commonly available, and must
produce a reasonable diagnostic yield. In light of
these facts, this study of the accuracy of induced
sputum in the etiologic diagnosis of pulmonary
infections in patients with HIV was well justified.

METHODS
From 1 January 2001 to 30 September 2002,

all HIV-infected patients older than 14 years
admitted to the Hospital Nereu Ramos (Nereu

Ramos Hospital, Florianópolis, SC, Brazil) were
evaluated. Patients who presented clinical
respiratory symptoms for more than 7 days, with
either normal or abnormal chest X-rays, as well as
those without respiratory symptoms but with
abnormal chest X-rays, were included(11). Exclusion
criteria included more than 7 days of empirical
treatment for pulmonary disease, prophylactic
treatment for tuberculosis over the preceding 6
months or for pneumonia caused by Pneumocystis
jiroveci within 30 days prior to admission, severely
compromised general state, coagulation alterations
and severe hypoxemia. In addition, patients
presenting a greater than 20% drop in FEV1 during
sputum induction, as well as those presenting signs
and symptoms that would contraindicate the
induction of sputum (severe cough, dyspnea,
nausea, vomiting or intolerance of the saline
solution taste) were excluded. Patients who refused
to participate or did not comply with the
diagnostic procedures, as well as those in whom
sputum induction was ineffective, were also
excluded(12-17). Patients were submitted to clinical
examination and radiologic evaluation (chest and
mediastinum computed tomography scans), and
laboratory testing was performed.

Subsequently, sputum induction, fiberoptic
bronchoscopy and bronchoalveolar lavage (BAL)
were performed. Transbronchial lung biopsy (TBLB)
was performed at least 24 hours after the above-
mentioned procedures. Sputum induction was
carried out with progressive concentrations of
hypertonic saline solution (3%, 4% and 5%)
delivered with a US 800 Air Standard® nebulizer,
and FEV1 was measured between each induction(17).

In the clinical analysis laboratory, slides for
smear testing were manually prepared by selecting
the most purulent or clotted portions of the sputum
samples(18). Within 30 minutes after their collection,
sputum and BAL fluid (BALF) samples were
processed for the following tests: Ziehl-Neelsen
staining for acid-fast bacilli, potassium hydroxide
smear, Giemsa and Grocott-Gomori staining for P.
jiroveci and other fungi, Papanicolaou staining for
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cell differentiation, testing for cytomegalic
inclusion and parasites, and Gram staining for
bacteria. Samples were also processed for culture
for acid-fast bacilli (on Löwenstein-Jensen
medium), culture for fungi (on Sabouraud agar)
and quantitative culture for pyogenic bacteria (on
blood agar and MacConkey agar)(19-21). Sputum
samples were considered satisfactory if there were
less than 10 squamous epithelial cells and more
than 25 leukocytes per high-power microscopic
field, or if alveolar macrophages were present(18,22).
If a sputum sample was considered unsatisfactory,
induced sputum was repeated within 48 hours. The
BALF samples were considered satisfactory if there
were alveolar macrophages and a maximum of 10%
epithelial cells(23). If a BALF sample was considered
unsatisfactory, the procedure was repeated within
48 hours. The TBLB samples were processed for
hematoxylin-eosin, Ziehl-Neelsen, and Grocott-
Gomori staining. A fragment of the tissue was
submitted to “in-print” slide and subsequent Gram
staining. Three biopsy fragments were placed in
saline solution and then processed for cultures for
acid-fast bacilli (on Löwenstein-Jensen medium),
fungi (on Sabouraud agar), and pyogenic bacteria
(on blood agar and MacConkey agar)(19-21). If
samples were unsatisfactory (not representative of
the lung parenchyma), TBLB was repeated within
48 hours.

The following diagnostic criteria for lung
diseases were adopted as the gold standard:

1) Bacterial pneumonia: presence of a predominant
morphotype evidenced by Gram staining and
quantitative culture from BALF sample with at
least 104 CFU/mL, positive blood culture,
identification of the agent in the “in-print” slide
from the TBLB, or isolation of the agent in
culture from tissue samples(4,5,24).

2) Pulmonary tuberculosis: positive culture for
Mycobacterium tuberculosis in BALF sample or
agent identified in the TBLB(4,5,25).

3) Atypical mycobacteriosis: positive BALF culture
and agent identified in the TBLB(4,5).

4) Pneumocystosis: identification of the agent in
the BALF or in the TBLB.

5) Histoplasmosis ,  coccidioidomycosis ,
cryptococcosis, and paracoccidioidomycosis:
identification of the agent in either the BALF or
TBLB – or isolation in culture(4,5,26).

6) Other fungi ,  pneumonia caused by
cytomegalovi rus ,  lymphoid interst i t ia l
pneumonitis, and nonspecific interstitial
pneumonitis: histopathological diagnosis(4,5,27,28).

7) Kaposi’s sarcoma: histopathological diagnosis
or lesions compatible with Kaposi’s sarcoma in
the respiratory tree(28,29).

8) Diseases caused by parasites: identification of
the agent in the BALF or TBLB.

9) Other lung diseases: histopathological diagnosis.

Patients whose fiberoptic bronchoscopy
samples did not meet the diagnostic criteria were
classified into 4 groups (according to radiologic
standards as analyzed by a radiologist) in order to
define the additional procedures necessary for
diagnosis(30):

Group 1 – interstitial or alveolar-interstitial
lesions of the lung parenchyma: These patients
were submitted to open-lung biopsy, and samples
were processed in the same way as TBLB samples(31).

Group 2 – alveolar lesions of the lung
parenchyma: These patients were submitted to
fine-needle aspiration biopsy, and samples were
processed in the same way as TBLB samples(24).

Group 3 – mediastinal lymph node enlargement
or pleural effusion without parenchymatous
lesions: Patients with mediastinal lymph node
enlargement were submitted to mediastinoscopy,
and samples were processed in the same way as
TBLB samples(2). Those with pleural effusion were
submitted to pleural punch biopsy, and samples
were also processed in the same way as TBLB
samples. Pleural fluid was processed in the same
way as BALF samples. However, glucose, LDH, total
protein, protein fractions, amylase, adenosine
deaminase, and pH were also assessed in the fluid,
and serum levels of glucose, LDH, total protein,
protein fractions and amylase were determined(7).

Group 4 – normal chest X-rays. These patients
were not submitted to any additional procedure,
and fiberoptic bronchoscopy with BAL and TBLB
results were considered truly negative.

Patients presenting positive sputum cultures for
M. tuberculosis and negative BALF and TBLB
cultures were not submitted to any additional
procedure, regardless of their chest X-ray results(4,5).

Induced sputum results were considered
positive when they agreed with at least one of the
final diagnoses in a specific patient(26). The evidence
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of common bacteria was considered significant
when a predominant bacterial morphotype was seen
on Gram-stained slides and culture showed growth
equal to or greater than 106 CFU/mL(24).

At the end of the study, after confirmation of
the results, a statistical software program randomly
selected 20% of the cases for re-analysis (by the
same examiner) in order to determine intra-observer
variability. A second examiner analyzed the same
material in order to estimate inter-observer
variability, using the kappa index of concordance(32).
Kappa values greater than 0.6 were considered
relevant. For induced sputum results, sensitivity,
specificity, positive/negative predictive values and
accuracy were determined using the previously
mentioned diagnostic criteria for lung diseases
(numbered from 1 to 9) as the gold standard (33,34).
The Ethics Research Committee of the Hospital Nereu
Ramos approved the study protocol.

RESULTS
Of a total of 547 patients evaluated, 89 (16.3%)

were admitted with respiratory symptoms. Of those
89, 58 were selected for study. The remaining 31
patients did not meet the inclusion criteria because
they presented respiratory symptoms for less than
7 days. Of the 58 patients included, 4 were later
excluded: 2 because they refused to participate
and 2 due to coagulopathy. The final sample
therefore comprised 54 patients, and their
characteristics are described in Table 1.

The most common radiological finding was
interstitial pattern (44.4%), followed by alveolar pattern
(22.2%). No radiological alterations were observed on
the X-rays of 1.9% of the participants (Table 2).

The most common isolated symptom was dry
cough (46.3%). The procedures for sample
collection necessary for the diagnostic criteria (gold
standard) are summarized in Table 3.

The most prevalent etiologic agent was P.
jiroveci, followed by pyogenic bacteria. In 7 cases,
the etiologic agent was not identified in any test.
The etiologic agents identified are described in
Table 4.

Nine patients (16.7%) presented spontaneous
expectoration was seen in 9 patients (16.7%), 2
of which (1 infected with P. jiroveci and 1 infected
with Streptococcus viridans) presented results
concordant with the gold standard. No etiologic
agent was isolated in any of the remaining samples.

Among the cases in which M. tuberculosis was
isolated, it was identified only through culture in
7 cases and only in induced sputum samples in 4

TABLE 1
Patient characteristics

n (%)
Age (years)* 35.7 (± 11.3)
Gender
Male 43 (79.6)
Female 11 (20.4)
Caucasian 46 (85.2)
Non-Caucasian 8 (14.8)
Duration of symptoms (days)* 24 ±
CD4+ T-lymphocyte count (/mm3) * 125 ±
*mean ± standard deviation
n = 54

TABLE 2
Radiographic findings in 54 HIV-positive

patients with lung disease
Radiographic finding n %
Interstitial 24 (44.4)
Alveolar 12 (22.2)
Interstitial + alveolar 11 (20.4)
Pleural effusion
with no parenchymatous lesions 2 (3.7)
Mediastinal lymph node enlargement
with no parenchymatous lesions 1 (1.9)
Normal 1 (1.9)
Nodules 1 (1.9)
Alveolar + Mediastinal
lymph node enlargement 1 (1.9)
Interstitial + Pneumothorax 1 (1.9)
Total 54 (100)

TABLE 3
Procedures adopted for
gold standard results

Procedure n %
Bronchoalveolar
lavage 32 (59.3)
Bronchoalveolar lavage
and transbronchial
lung biopsy 12 (22.2)
Open lung biopsy 3 (5.6)
Pleural biopsy 2 (3.7)
Blood culture 2 (3.7)
Fiberoptic
bronchoscopy 2 (3.7)
Mediastinoscopy 1 (1.9)
Total 54 (100)
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cases. In no case was M. tuberculosis isolated
through fiberoptic bronchoscopy with BAL and
TBLB.

Induced sputum caused no complications. One
patient presented post-TBLB pneumothorax and
required thoracic drainage.

When compared with the gold standard, induced
sputum presented 57.5% sensitivity, 42.9% specificity,
87.1% positive predictive value, 13% negative
predictive value and 55.6% accuracy (Table 5).

In evaluating intra- and inter-observer
agreement after the random selection of 20% of
the cases (n = 11), a kappa value of 0.7 (which is
considered good) was observed for both.

DISCUSSION
The difficulties encountered in diagnosing the

etiologic agent of lower airway infections are
multiplied in immunocompromised patients. These
patients are susceptible to a great number of agents,
and there is an unpredictable biological behavior that
results from the interaction between the agent and
the host. Consequently, it is extremely difficult to

make a diagnosis based solely on clinical and
radiographic findings. Complicating matters further,
there is no single preliminary method that presents a
desirable diagnostic yield. It has been reported that
techniques involving various concentrations of saline
solutions and inhalation periods do not affect
cellularity in samples(35). Chuard et al. stated that it is
not completely impossible that hypertonic saline
solutions might affect the viability of some
pathogens(36). If this effect is real, we can infer that
negative samples in patients with specific etiologic
diagnoses might have been affected by this bias.
However, additional studies are necessary in order to
confirm or rule out this hypothesis. For processing
of sputum samples, the highly desirable technique
introduced by a member of our group (Petrillo), in
which salivary contamination is eliminated, was
employed(18). Another way of reducing upper airway
contamination is through microscopic evaluation of
sputum using well-established criteria for sample
selection. High-quality samples increase the sensitivity
of microscopy, as does the immediate delivery of
samples to the laboratory(37). The principal criticism

TABLE 4
Etiologic agents isolated in 54 HIV-positive patients with pulmonary disease

 Gold Standard Induced Sputum
Etiologic agent n % n %
Pneumocystis jiroveci 28 (46.7) 16 (40.0)
Mycobacterium tuberculosis 10 (16.7) 9 (22.5)
Streptococcus pneumoniae 6 (10.0) 3 (7.5)
Streptococcus viridans 4 (6.7) 3 (7.5)
Pseudomonas aeruginosa 3 (5.0) 3 (7.5)
Klebsiella pneumoniae 2 (3.3) 2 (5.0)
Salmonella sp. 1 (1.7) 0 (0.0)
Citomegalovírus 1 (1.7) 0 (0.0)
Proteus vulgaris 1 (1.7) 1 (2.5)
Enterococcus sp. 1 (1.7) 1 (2.5)
Staphylococcus aureus 1 (1.7) 0 (0.0)
Cryptococcus neoformans var. grubii 1 (1.7) 0 (0.0)
Serratia liquefasciens 1 (1.7) 1 (2.5)
Total 60 (100) 40 (100)

TABLE 5
Induced sputum yield in 54 HIV-positive patients with lung disease

Induced Sputum Positive Gold Standard Negative Gold Standard Total
Positive 27 4 31
Negative 20 3 23
Total 47 7 54
Sensitivity = 57.5%; Specificity = 42.9%; Positive Predictive Value = 87.1%; Negative Predictive Value = 13%; Accuracy = 55.6%
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of sputum examination as a diagnostic method for
pulmonary infection is the potential contamination
of samples. This is relevant since 45% of samples
sent to laboratories are contaminated by saliva(36).
This problem can be minimized with the combination
of mechanical techniques for the removal of saliva
from samples and microscopic selection of samples
through the evaluation of alveolar macrophages,
polymorphonuclear leukocytes and epithelial cells.
Quantitative culture is a useful technique that
facilitates the differentiation of colonization and
infection in cases of bacterial pneumonia(37,38).
Consequently, high concentration of microorganisms
might be related to etiology, whereas low
concentration of microorganisms might be related
to contamination(39).

Of the 54 patients studied, 47 (87%) received
a final diagnosis. Two final diagnoses were
confirmed for 13 patients, and 3 final diagnoses
were simultaneously defined for 1 patient. Rimland
et al. reported that 13% of patients with
pneumonia and HIV infection presented 2
etiologies, and 2% presented 3 etiologies(40). Jensen
et al. noted that co-infection has prognostic
significance, resulting in higher short-term mortality
and increasing the influence of the correct etiologic
diagnosis on the prognosis(41).

The most common etiologic agents were P.
jiroveci (46.7%), pyogenic bacteria (33.5%) and
M. tuberculosis (16.7%). Brazilian studies have
shown a higher prevalence of pneumocystosis in
this specific population. However, pyogenic bacteria
are not considered prevalent etiologic agents(42).
Danés et al. reported bacterial pneumonia as the
most frequent diagnosis in HIV-positive patients
(63% of cases)(43). We confirmed the importance
of cultures for the diagnosis of pulmonary
tuberculosis since 7 of the 10 diagnosed cases
presented negative smear tests. Conde et al.
reported higher sensitivity of cultures for the
diagnosis of pulmonary tuberculosis(44).

In a study comprising 40 patients diagnosed
with AIDS and pneumonitis, Rolston et al. reported
that induced sputum presented 45% overall
sensitivity(45). Miller et al. reported 13% sensitivity
in 82 patients with pneumocystosis(46). These
proportions are lower than those found in our
study, which may be attributable to the fact that
those studies did not include any invasive
procedures other than fiberoptic bronchoscopy.

Our data showed that induced sputum is an
effective technique for obtaining lower respiratory
tract samples in this group of patients. Induced
sputum proved particularly useful in populations
in which spontaneous sputum production is
infrequent, avoiding the use of traditional invasive
procedures for sputum collection. Our results
clearly showed that the best individual parameter
of induced sputum as a diagnostic tool was the
positive predictive value. This parameter, taken
together with the other results, reinforces the fact
that this diagnostic strategy is a promising
technique since it reduces the necessity of invasive
procedures for an appreciable number of patients.

We conclude that induced sputum is an easily
performed technique that does not require costly
equipment and presents an alternative in the initial
diagnosis of HIV-positive patients, especially in
locales in which access to the more invasive
methods is not practical.
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