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ABSTRACT:  We wanted to study the effect of sputum induction on forced expi-
ratory volume in one second (FEV1) and on oxygen saturation in normal controls,
asymptomatic human immunodeficiency virus (HIV)-seropositive individuals, and
HIV-seropositive patients under investigation for suspected Pneumocystis carinii
pneumonia (PCP).

Over a five month period, sputum induction with ultrasonically nebulized 3%
saline was performed on 110 HIV-seropositive patients with suspected PCP, 10
asymptomatic HIV-seropositive patients, and 15 normal controls.  Oxygen satura-
tion (peak, trough and change in oxygen saturation (∆O2)) was measured through-
out the procedure using pulse oximetry, and these results compared with the chest
radiograph and the final pulmonary diagnosis.  In addition, the effect of sputum
induction on FEV1 was measured in the 15 control subjects and 10 asymptomatic
HIV-seropositive patients.

Compared with bronchoalveolar lavage, sputum induction had a diagnostic sen-
sitivity for PCP of 76%.  Chest radiography was 79% sensitive, and had speci-
ficity of 83%.  Patients with PCP had lower peak and trough oxygen saturation
values compared with the non-PCP group (mean peak 95 vs 97%;  mean trough 88
vs 91%), and greater falls in O2 saturation during the procedure (mean ∆O2 7.6 vs
5.5%).  One subject desaturated to 76%, requiring supplemental oxygen.  Sputum
induction caused significant but temporary falls in FEV1 both in control and HIV-
seropositive groups (mean maximum fall in FEV1 10.4 vs 12.5%)

We conclude that although sputum induction causes significant falls in oxygen
saturation and FEV1, it remains sensitive and safe, and provides a useful alterna-
tive to bronchoscopy for the diagnosis of PCP.
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Pneumocystis carinii pneumonia (PCP) remains the
index diagnosis in more than 65% of patients present-
ing with the acquired immune deficiency syndrome
(AIDS) [1], and still carries a significant mortality, which
varies depending on the severity of illness at the time
of presentation, and the experience of individual insti-
tutions for treating the condition [2].  Because most
patients with PCP are unable to produce sputum spon-
taneously, use of fibreoptic bronchoscopy with broncho-
alveolar lavage, and, more recently, sputum induction
(SI) are frequently necessary in order to obtain speci-
mens from which the organism can be identified, and
thereby to confirm the diagnosis [3].  Although the proce-
dure of sputum induction, which involves the inhalation
of a mist of nebulized hypertonic saline, has been shown
to be a relatively safe and sensitive technique for diag-
nosing PCP in AIDS patients [4], there have been some
isolated reports of complications, such as hypoxaemia
[5] and pleural effusion [6], in a small number of cases. 

Since exercise-induced arterial oxygen desaturation has
been used as a screening test for identifying PCP in high-

risk symptomatic patients [7], this study was performed
to document changes caused by sputum induction in
spirometry and arterial oxygen saturation in normal con-
trols, asymptomatic human immunodeficiency virus
(HIV)-seropositive patients, and patients undergoing inves-
tigation for suspected PCP.  The study was also used to
determine the relationship, if any, between oxygen satu-
ration, chest radiograph appearances, and the resulting
final pulmonary diagnosis.

Patients and methods

Over a five month period, sputum induction was per-
formed on three separate groups of subjects (table 1).
The first group consisted of 110 male HIV-seropositive
patients presenting with respiratory or other symptoms
suggestive of active PCP (mean age 38 yrs, range 23–70
yrs;  mean CD4 count 69×106·l-1, range 1–551×106·l-1).
Of these 110 patients, 43 were regular smokers, 36 had
previously had PCP, and 72 were receiving regular



anti-retroviral therapy (54 taking zidovudine (AZT),
and 18 taking dideoxyinosine (DDI)).  The second group
of subjects consisted of 10 asymptomatic, male HIV-
seropositive patients receiving no anti-retroviral medi-
cation, six of whom were smokers (mean age 30 yrs,
range 20–42 yrs; mean CD4 count 561×106·l-1, range
422–762×106·l-1).  The third group consisted of 15 non-
smoking, healthy, male controls with low risk of HIV-
infection (mean age 26 yrs, range 20–36 yrs).  None of
the subjects from any of the three groups were asthmatic,
nor did they have a past history of chronic lung disease.

Written consent was obtained from all subjects prior
to the study, which was approved by the Riverside East
Ethics Committee.

Sputum induction protocol and diagnosis of PCP

Sputum induction was performed on all of the subjects
from each of the three groups as described previously
[4].  Subjects inhaled a mist of nebulized 3% hyper-
tonic saline delivered by a DeVilbiss Ultraneb 99 ultra-
sonic nebulizer for 20–40 min, consuming 30–50 ml of
hypertonic saline.  Gentle chest percussion physiotherapy
was given when necessary to encourage sputum expec-
toration, and the procedure was continued until the sub-
jects had produced a sputum specimen of sufficient quality
and quantity (as judged by the respiratory physiothera-
pist) for laboratory analysis.  Patients from the sympto-
matic group who were found to be negative for P. carinii
on induced sputum went on to have fibreoptic broncho-
scopy with bronchoalveolar lavage within four days of
the sputum induction.  All induced sputum and broncho-
alveolar lavage specimens underwent routine microbio-
logical examination including staining and culture for
Mycobacteria species, and examination for the presence
of P. carinii using both an indirect immunofluorescence
stain (Northumbria Biologicals Ltd, Northumbria, UK),
and Grocott's methenamine silver stain.

Oximetry studies

Throughout the sputum induction procedure, and for
2 min after completion, arterial oxygen saturation was
measured continuously in all subjects from each of the
three groups using a Minolta Pulsox-7 oxygen saturation

monitor (DeVilbiss Health Care UK, Heston, Middlesex,
UK).  In each subject, values were obtained for the peak
and trough oxygen saturation readings, representing,
respectively, the highest and lowest oxygen saturation
measurements obtained throughout the procedure.  From
these values the change in oxygen saturation (∆O2) was
calculated, being the difference between the peak and
trough oxygen saturation values obtained with each sub-
ject.  These three readings (peak, trough, and ∆O2) were
compared retrospectively with the final pulmonary diag-
noses obtained in each patient, based on the results of
microbiological investigations performed on induced spu-
tum and, when available, bronchoscopy with broncho-
alveolar lavage.

Spirometry studies

The effect of sputum induction on forced expiratory
volume in one second (FEV1) was studied in the 15 con-
trol subjects and the 10 asymptomatic HIV-seropositive
individuals using a standard dry bellows spirometer (Vita-
lograph Ltd, Buckingham, UK), before sputum induc-
tion, and serially at 0, 1, 5, 10 and 15 min after completing
the procedure.  Each subject was given careful instruc-
tion on how to use the spirometer, with the best result
of at least three attempts being recorded.  Falls in FEV1

were recorded as a percentage of the baseline FEV1 value,
which was expressed as a percentage of the predicted
FEV1, from standard tables based on age and height.

Chest radiography

In addition to the sputum induction and broncho-
alveolar lavage procedures, all of the 110 symptomatic
patients underwent routine chest radiography prior to spu-
tum induction.  These radiographs were reported as being
either "highly-suggestive" or "unlikely to be active" PCP,
by an independent radiologist, who was blind to the final
pulmonary diagnosis.

Statistical analysis

Statistical analysis of the CD4 data, oxygen saturation,
spirometry, and radiography results was performed using
the nonparametric Mann-Whitney U test.
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Table 1.  –  Details of the three groups used in the study

Group Age* CD4* Rx Smoker PCP
yrs ×106·l-1 Y/N Y/N

HIV-symptomatic 38 (23–70) 69 (1–551) 54 AZT 43/67 36/74
n=110 18 DDI

HIV-asymptomatic 30 (20–42) 561 (422–762) - 6/4 0/10
n=10

Control 26 (20–36) - - 0/15 0/15
n=15

*:  data presented as mean, and range in parenthesis.  PCP:  number of patients with a previous episode of
Pneumocystis carinii pneumonia; AZT:  patients receiving zidovudine therapy; DDI:  patients receiving dideoxyi-
nosine therapy; HIV:  human immunodeficiency virus; Rx:  therapy; Y:  yes; N:  no.



Results

Of the 135 sputum inductions performed, no patient
or control subject developed side-effects sufficiently
severe to require premature termination of the procedure,
nor were there any early or late complications to spu-
tum induction similar to those reported previously [5, 6].
However, one patient from the symptomatic group,
who was previously severely hypoxic on room air, and
who subsequently proved to have PCP, was observed to
desaturate down to a level of 76% at 5 min intervals
throughout the sputum induction procedure, requiring
intermittent short periods of supplementary oxygen to
restore saturation levels to above 90%.  The main side-
effects noted were slight nausea with retching, and an
unpleasant salty taste, although neither of these was parti-
cularly severe, and did not prevent the subjects from
completing the sputum induction procedure.

Diagnosis of PCP

None of the induced sputum specimens from the
control or asymptomatic HIV-seropositive groups were
positive for P. carinii by either the Grocott or immuno-
fluorescence stains.  In the HIV-symptomatic group, how-
ever, 22 induced sputum specimens were positive for P.
carinii, the remaining specimens were either negative for
P. carinii (84) or equivocal (fewer than five cysts per
slide seen on immunofluorescence) (4).  Of the 88 patients
with either negative or equivocal results, 31 subsequently
underwent fibreoptic bronchoscopy with bronchoalveo-
lar lavage (BAL), seven of which were found to be posi-
tive for P. carinii.  Six of these had previously given
negative results for P. carinii on induced sputum, the
remaining subject having given an equivocal result.  Of
those subjects with induced sputum results negative for

P. carinii, but who failed or refused to have BAL, none
went on to develop PCP during a 6 month follow-up
period.  All of these patients either recovered sponta-
neously from their respiratory illnesses, or responded to
broad spectrum antibiotics (without anti-pneumocystis
activity).  Overall, therefore, 29 of the 110 symptomatic
subjects were diagnosed as having PCP (22 on sputum
induction alone), 76 were judged to be negative for PCP
(see table 2), and a further five subjects, who recovered
after receiving anti-pneumocystis chemotherapy, gave
equivocal results for P. carinii (two after induced sputum
alone).  These results gave sputum induction a sensitivity
of 76% for diagnosing PCP when compared with broncho-
alveolar lavage.

The mean CD4 count of the asymptomatic HIV-
seropositive group was significantly higher than that
of both the PCP and non-PCP symptomatic groups
(561×106·l-1 vs 34×106·l-1 and 83×106·l-1, respectively;
p<0.0001), whilst that between the PCP and non-PCP
groups was not significantly different (p=0.13).

Oximetry studies

Throughout the sputum induction procedure, none of
the control subjects developed oxygen saturation levels
below 93%, and changes in saturation were no greater
than 4% in any of the subjects.  Similarly, in the asymp-
tomatic HIV-seropositive group, saturation values did not
drop below 91% at any time, and change in saturation
(∆O2) was no greater than 4% in any subject.  Although
there was a wide range of peak and trough oxygen satu-
ration values within the PCP and non-PCP groups (table
2 and fig. 1), both peak and trough saturation values were
significantly lower in the PCP group compared with the
non-PCP group (mean peak values 95 vs 97%, respec-
tively, p<0.03;  mean trough values 88 vs 91%, respec-
tively, p<0.002).
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Table 2.  –  Mean CD4 counts, oxygen saturation values, and results of chest radiography for the different groups

Oxygen saturation*

CD4 count Peak Trough ∆O2 Correct CXR
Groups ×106·l-1 diagnosis

% % % %

Controls - 97±0.33 94±0.27 3±0.27 -
n=15

HIV-pos  asymptomatic 561 96±0.38 94±0.46 2.6±0.25 -
n=10
PCP 34 95±0.66 88±1.04 7.6±0.7 79
n=29

Non-PCP 83 97±0.28 91±0.51 5.5±0.45 83
n=76

PCP vs non-PCP
p values 0.13 <0.03 <0.002 <0.0005
HIV-pos asympt vs PCP
p values <0.0001 NS <0.001 <0.0001
HIV-pos asympt vs non-PCP
p values <0.0001 NS <0.04 <0.0005

*:  mean±SEM.  CXR:  chest X-ray; pos:  positive; ∆O2:  change in oxygen saturation; NS:  nonsignificant.  For further abbrevia-
tions see legend to table 1.



Chest radiography

In the PCP group, chest radiographs were correctly
interpreted as being highly suggestive of active PCP in
23 of the 29 cases, giving a sensitivity of 79%, but incor-
rectly diagnosed active PCP in 13 of 76 PCP-negative
patients, resulting in a specificity of 83% and a negative
predictive value for chest radiography of 91% (table 2).
Both the peak and trough oxygen saturation values were
significantly lower, and the fall in saturation (∆O2) greater,
in those patients with chest radiographs suggestive of
PCP, compared with those patients with normal chest
radiographs (mean peak values 95 vs 97%, p<0.02;  mean
trough values 88 vs 92%, p<0.0001; mean ∆O2 values:
8 vs 5%, p<0.0001;  respectively).

Spirometry studies

Despite a trend towards lower baseline FEV1 mea-
surements in the asymptomatic HIV-seropositive group

Similarly, the fall in oxygen saturation (∆O2) during
sputum induction was significantly greater in the PCP
group compared with the non-PCP group (mean ∆O2 7.6
vs 5.5%, respectively, p<0.0005).  Compared with the
asymptomatic HIV-seropositive group, peak oxygen sat-
uration values were not significantly different from either
the PCP or non-PCP groups.  However, both the PCP
and non-PCP groups had significantly lower trough oxy-
gen saturation values (p<0.001 and 0.04, respectively),
and significantly greater ∆O2 values (p<0.0001 and 0.0005,
respectively), when compared with the asymptomatic
HIV-seropositive group.  Oxygen desaturation during
sputum induction was not specifically associated with
any of the other non-PCP diagnoses, such as pulmonary
Kaposi's sarcoma (two cases), Mycobacterium avium
intracellulare infection (one case), or lymphoma (one
case), nor was it associated with either the number of
previous episodes of PCP, or previous smoking history.
Similarly, there was no relationship between the seve-
rity of oxygen desaturation during sputum induction and
the use of specific anti-retroviral therapy such as AZT
or DDI.
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Table 3.  –  Percentage falls in FEV1 for the control and asymptomatic HIV-seropositive groups

Time after sputum induction  min

Group 0 1 5 10 15 Max

Control 10.0 7.7 5.3 4.3 3.7 10.4
n=15 ±1.3 ±1.1 ±1.0 ±0.8 ±0.8 ±4.7

p value <0.001 <0.001 <0.001 <0.002 <0.003 <0.001

HIV-pos 12.4 9.9 8.6 7.8 6.5 12.5
asympt ±2.2 ±1.8 ±2.0 ±1.8 ±1.7 ±2.1
n=10

p value <0.005 <0.005 <0.005 <0.005 <0.01 <0.005

Control vs HIV-positive asymptomatic
p value 0.54 0.31 0.31 0.16 0.22 0.65

Data are presented as mean±SEM. p values represent statistical significance versus baseline FEV1.  Time 0 is immediately after spu-
tum induction, <0.5 min. FEV1:  forced expiratory volume in one second. For further abbreviations see legends to table 1 and 2.
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Fig. 1.  –  Values for peak and trough oxygen saturations in the four
groups of subjects.  Data are presented as mean±SEM.  HIV:  human
immunodeficiency virus;  PCP:  Pneumocystis carinii pneumonia;
asymp:  asymptomatic.  P:  peak; T:  trough.
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Fig. 2.  –  Percentage falls in FEV1 for 15 control and 10 asympto-
matic HIV-seropositive patients before and after sputum induction.
Data are presented as mean±SEM.  —●—:  controls;  —  —:  HIV-
positive asymptomatic.  FEV1:  forced expiratory volume in one sec-
ond; HIV:  human immunodeficiency virus.



compared with controls, there was no statistical differ-
ence between the two groups (mean baseline FEV1 103
vs 113% predicted, range 75–133% and 82–143% predic-
ted, respectively, p<0.06).  Although no subject sustained
a fall in FEV1 sufficiently severe to require either pre-
mature termination of the procedure or bronchodilator
therapy, temporary but significant falls in FEV1 were
observed after sputum induction both in the normal con-
trol subjects (mean maximum fall in FEV1 from base-
line 10.4%, range 3–20%, p<0.001) and in the asymptomatic
HIV-seropositive patients (mean maximum fall in FEV1

from baseline 12.5%, range 4–26%, p<0.005)(table 3
and fig. 2).  Although there was a trend towards larger
falls in FEV1 in the HIV-seropositive group (table 3
and fig. 2), this did not reach statistical significance
(p=0.16–0.65).

Discussion

This study has confirmed the usefulness and safety of
induced sputum for investigating patients with suspected
PCP, and has demonstrated significant falls both in FEV1

and oxygen saturation during the procedure.  These falls
in oxygen saturation have been shown to be greater, with
lower peak and trough oxygen saturation values, in those
patients with active PCP, despite any tendency to com-
pensate for hypoxia by hyperventilation.  Although the
considerable overlap of saturation values between the
PCP and non-PCP groups was sufficiently large to make
this measurement unhelpful diagnostically, as found in
an earlier study [5], it may be useful to identify further
a subgroup of high-risk patients who should proceed to
fibreoptic bronchoscopy.  This is similar to the prin-
ciple employed by SMITH et al. [8], who found exercise-
induced oxygen desaturation to be a strong indicator of
concurrent PCP.  Although oxygen saturation levels in
the symptomatic group fell below 90% in 38 of the 110
procedures (35%), the severity of side-effects, such as
breathlessness, associated with this hypoxia was very
small, with only one patient requiring intermittent oxy-
gen throughout the procedure.  Furthermore, those patients
whose saturation levels fell below 90% were observed
to recover rapidly, as soon as the procedure was termi-
nated.  These patients would probably have been at greater
risk of hypoxia had they undergone fibreoptic broncho-
scopy, as a result of the combined effects of instru-
mentation, instillation of BAL fluid, and the respiratory
depression caused by intravenous sedation.

In this study, chest radiography has been shown to be
a useful predictor of clinical PCP, with a sensitivity of
79%, a result which is in close agreement with that
observed in other studies [9].  However, the clinical use-
fulness of radiography for diagnosing PCP was limited
by the 17% of false-positive results, and, more impor-
tantly, by the 21% of false-negative results, which prin-
cipally includes those patients with milder disease who
are, presumably, also less likely to be diagnosed positive
on sputum induction.  Although a positive diagnosis of
PCP still requires the use of either direct staining or
molecular biological techniques [10], chest radiography
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will remain an important screening investigation to exclude
patients unlikely to have PCP, so reducing the number
of unnecessary induced sputum and bronchoscopy proce-
dures.  This screening application of chest radiography
has also been shown, in theoretical studies, to be the
most cost-effective approach to investigating patients with
suspected PCP [11], and can be improved further by rais-
ing the sensitivity of sputum induction [12].  This sen-
sitivity of sputum induction can range from 13–90% in
different institutions [4, 13, 14], possibly reflecting vary-
ing levels of experience in both generating and analysing
such specimens.

The fall in FEV1 documented in this study is a new
finding which, although short in duration, was relatively
severe in some individuals (up to 26%), and may have
been related to either increased bronchial reactivity in
association with active lung disease, or, alternatively,
residual lung damage from previous episodes of PCP.
With improved long-term survival, this latter factor will
become more important, as patients with one or more
previous episodes of PCP are likely to represent an increas-
ing proportion of the patient population undergoing this
investigation.  The observed trend towards greater falls
in FEV1 in the HIV-seropositive group may be explained
by a direct effect of HIV-infection on bronchial reac-
tivity, or, alternatively, may reflect the presence of other,
unidentified, subclinical pulmonary infections.

In conclusion, this study further demonstrates the
safety and diagnostic value of sputum induction, but
also highlights the propensity for certain individuals to
develop arterial hypoxia and bronchoconstriction, and
therefore the need for adequate medical supervision
during the procedure.
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