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Background. Many adults with pulmonary tuberculosis are unable to expectorate. Gastric washing, sputum
induction using nebulized hypertonic saline, and bronchoscopy with bronchoalveolar lavage have all been used
to obtain specimens for diagnosis, but to our knowledge, the timing and volume of induced sputum have not
been well studied, and these 3 methods have not been compared.

Methods. The study recruited consecutive adult inpatients with chest radiography findings suggestive of tu-
berculosis who were unable to expectorate. Subjects provided 3 induced sputum samples for culture on day 1 and
additional samples on days 2 and 3. In addition, gastric washing specimens were collected on days 1, 2, and 3. A
proportion of subjects with negative smear results underwent bronchoalveolar lavage.

Results. The study recruited 140 subjects. Among 107 subjects who provided 3 gastric washing specimens and
at least 3 induced sputum specimens, 43% had cultures positive for Mycobacterium tuberculosis. Use of 3 induced
sputum samples detected more cases than did use of 3 gastric washings (39% vs. 30%; P = .03). Among 79
subjects with culture results for all 5 induced sputum specimens, there was no difference in yield between samples
obtained by induced sputum induction performed in a single day or that performed over 3 days (34% vs. 37%;
P = .63). There was no association between sputum volume and positive culture results. No additional cases were
diagnosed in the 21 patients who underwent bronchoscopy.

Conclusions. Use of 3 induced sputum samples was more sensitive than use of 3 gastric washings for diagnosis
of tuberculosis in patients who could not expectorate spontaneously. Use of bronchoscopy with bronchoalveolar
lavage did not increase diagnostic sensitivity. Samples could be collected in 1 day, allowing for faster diagnosis,

faster initiation of treatment, and shorter hospital stay.

In an era of increasing drug resistance, it is important
to obtain sputum specimens from patients with sus-
pected pulmonary tuberculosis (TB) for mycobacterial
culture and drug sensitivity testing. Frequently, pa-
tients have radiographic evidence of TB but are unable
to expectorate sputum, and alternative methods for
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obtaining sputum specimens are needed. Obtainment
of gastric washing (GW) specimens, sputum induction
with nebulized hypertonic saline (IS), and fiberoptic
bronchoscopy with bronchoalveolar lavage (BAL) are
established techniques for this indication. These
methods vary in their tolerability, in their safety, and,
notably, in their resource implications; bronchoscopy
may not be feasible if large numbers of patients are
involved, and it may not even be necessary if smear-
positive specimens have been obtained by other, less
invasive methods. Evidence of the relative diagnostic
yield of each technique varies, although recent studies
suggest that IS performs as well as BAL [1-12]. There
are limited data on the number of IS samples required,
the optimum volume of the sample for mycobacterial
culture, and (most importantly) the timing of speci-
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men collection—in particular, whether the specimens can be
obtained in 1 day rather than over 3 days [5, 10, 11, 13].

Much of the recent increase in the rate of TB in the United
Kingdom has involved recent migrants from countries with a
high prevalence of TB [14]. Active case finding by chest ra-
diography screening performed at ports of arrival—predomi-
nantly at London’s Heathrow Airport—is one element of the
TB-control effort for this group of persons [15, 16]. A large
proportion of subjects who were found to have abnormal ra-
diograph findings at Heathrow Airport were investigated in our
unit. For patients such as these, who are often asymptomatic,
have minimal change in radiography findings, and are unable
to expectorate sputum, our practice has been to perform GW
on 3 consecutive days with BAL, especially when the GW smears
yield negative results [17, 18]. Confirmation of active Myco-
bacterium tuberculosis disease was achieved through GW ex-
amination alone for 42% of our patients [17]. There is good
reason to believe that patients tolerate IS better than either of
these techniques. Therefore, we performed a prospective study
to establish whether the yield for IS culture was similar to that
for GW culture in this patient group, as well as whether multiple
IS samples could be collected in a single day and whether
examination of BAL specimens could be used to diagnose ad-
ditional cases missed by GW or IS examinations.

METHODS

Patient population.
diographs suggestive of pulmonary TB were referred to the

Patients with symptoms of or chest ra-

Northwest Thames Regional Infectious Disease Unit (Lister
Unit, Northwick Park Hospital; Harrow, Middlesex, United
Kingdom) by primary health care practitioners, other hospital
departments, and the Health Control Unit at Heathrow Airport.
Many new migrants who enter the United Kingdom from coun-
tries where TB is highly endemic undergo screening by chest
radiography at the port of arrival. Those with radiography find-
ings suggestive of active pulmonary TB are referred to a hospital
for further evaluation.

Study design. Ethics approval for the study was granted by
Harrow Research Ethics Committee (Ethics Committee num-
ber 04/Q0405/51). Consecutive inpatients with abnormal chest
radiography findings consistent with active pulmonary TB, re-
gardless of symptoms, were encouraged to expectorate sputum
for microscopic evaluation and mycobacterial culture. During
the period from September 2004 through February 2006, sub-
jects who were unable to expectorate sputum spontaneously
were recruited for the study after providing signed informed
consent. These subjects underwent a total of 3 GW and 5 IS
procedures, in accordance with the protocol described in table
1; in brief, a GW was followed by 3 consecutive IS procedures
on day 1, a GW was followed by an IS procedure on day 2,
and a GW was followed by an IS procedure on day 3. BAL was

Table 1. Design of a study of the use of sputum induction with
nebulized hypertonic saline (IS), gastric washing (GW), and bron-
choalveolar lavage (BAL) procedures for the diagnosis of pul-
monary tuberculosis in patients who are unable to expectorate.

Day of study Specimen obtained

Day 1 GW and 3 IS specimens
Day 2 GW and IS
Day 3 GW and IS, with or without BAL

performed on day 3 or later for smear-negative patients for
whom it was particularly important to exclude multidrug-
resistant TB. A diagnosis of TB was made, and treatment was
instituted, if M. tuberculosis was detected in diagnostic samples
or if the radiography findings were highly suggestive of TB in
the absence of an alternative diagnosis or a clear past history
of receipt of appropriate antituberculous chemotherapy. For
the majority of subjects, initiation of treatment preceded culture
confirmation of TB.

GW. GW specimens were obtained early in the morning,
before breakfast. This technique involves inserting a nasogastric
tube into the patient, rinsing the stomach with ~50 mL of
sterile water, and aspirating the water and respiratory secretions
that have been swallowed overnight. The procedure typically
yielded volumes of 10-20 mL. GW specimens were transported
to the microbiology laboratory within 2—4 h of collection.

Sputum induction. IS specimens were obtained in nega-
tive-pressure isolation rooms. Staff protection measures in-
cluded use of appropriate respiratory protection masks, limi-
tation of the time spent in the room during the procedure, and
use of standard hospital procedures for staff exposed to TB.
For each IS procedure, 30 mL of 3% hypertonic saline was
administered via a mouthpiece using an ultrasonic nebulizer
(Devilbiss Ultraneb 99 or Respiflo Aerodyne Omega Plus). Typ-
ically, 1-20 mL of sputum was obtained over the subsequent
1-2 h (the volume was recorded by the nurse performing IS),
and the specimen was processed in accordance with standard
techniques for mycobacterial examination of sputum samples.
The 3 IS procedures on day 1 (hereafter, “day 1 IS”) were
performed ~4 h apart. The 3-day course of IS procedures (here-
after, “3-day 1S”) were generally performed in the morning.
Patients who had severe asthma, chronic obstructive pulmonary
disease, or an oxygen saturation level <94% were excluded from
the study, because of the risk of exacerbation of pulmonary
disease by sputum induction.

BAL. Bronchoscopy with BAL was performed after the pa-
tient had fasted overnight; local anesthesia and sedation were
administered. After the bronchial tree was inspected, 60100
mL of normal saline was instilled and aspirated from lung
segments involved in the disease process, as indicated by a chest
radiograph. Typically, 20-30 mL of BAL fluid was obtained and
processed in accordance with standard procedures. Sputum

1416 « CID 2007:44 (1 June) * Brown et al.



produced immediately after the procedure was collected and
processed in accordance with standard methods.

Microscopy and culture of mycobacteria.
centrifuged at 2014 g for 15 min, and the supernatant was

Samples were

decanted. From the deposit, thin films were prepared for au-
ramine staining. An equal volume of 4% sodium hydroxide
was added to the deposit, which was then vortexed and neu-
tralized in phosphate-buffered saline (pH, 6.8), concentrated
using centrifugation, and incubated into BacT/Alert liquid cul-
ture medium (bioMérieux) for up to 8 weeks. Cultures in which
mycobacteria grew were referred to the Mycobacterial Reference
Laboratory of the Health Protection Agency (Dulwich, UK) for
identification and antimicrobial resistance testing.

Statistical analysis. On the basis of previous evidence of
a GW culture positivity rate of ~25% [18], we calculated that
100 subjects would need to be recruited in our study to show
equivalence of GW and IS to within 15% (assuming a pro-
portion with discordant results of 25% cases), with 95% power
at a 10% significance level. The initial recruitment period of
12 months was extended when it became clear that, for a pro-
portion of enrolled subjects, not all 8 samples had been ob-
tained or prepared for culture. Statistical analysis was per-
formed using Stata software, version 7.0 (Stata). The paired
exact test was used to compare the proportion of culture-
positive samples between different methods. The Mann-Whit-
ney U test was used to examine the difference in IS specimen
volume between subjects with positive culture results and those
with negative culture results.

RESULTS

Study profile.

chest radiograph findings consistent with pulmonary TB who

One hundred forty consecutive subjects with

were unable to expectorate sputum spontaneously were en-
rolled in the study (figure 1). Among these subjects, 3 were
unable to tolerate GW or provided an insufficient volume of
gastric aspirate for analysis; 1 was unable to tolerate IS; 7 did
not complete the sampling protocol during their admission (TB
was believed to be unlikely in these subjects on the basis of
other available clinical information, such as an alternative di-
agnosis); 5 commenced a regimen of anti-TB therapy because
urgent treatment was believed to be appropriate or because
positive results of a microscopic evaluation of at least 2 spec-
imens had been obtained before completion of the sampling
protocol; 2 refused to complete the sampling protocol; and 19
were unable to provide all 5 IS samples, because sputum in-
duction was unsuccessful on at least 1 occasion. At least 1
sample was missing or leaked in transit or the culture became
contaminated for 24 patients. Although 79 subjects had com-
plete data for all time points, analyses that compared IS with
GW procedures included additional subjects who provided all

140 subjects with CRad consistent with TB and unable to expectorate

Excluded®:
33 subjects: 3 GW & 23 IS specimens
| not available
[61 subjects: all 5 1S & 3 GW specimens not available)

107 subjects with all 3 GW and 23 IS specimens
[79 subjects with complete data for all 5 1S & 3 GW specimens®]

76 subjects discharged with diagnosis of TB ‘

|
22 subjects with clinical diagnosis
of TB (culture negative)

54 subjects with microbiological diagnosis of TB ‘

5 subjects with microbiological
diagnosis from another site

49 subjects with microbiological diagnosis by GW or IS culture
[Of the 79 with all 5 1S & 3 GW: 30 subjects with diagnosis from GW or IS]

Figure 1. Study profile for 140 subjects with chest radiography (CRad)
findings suggestive of tuberculosis (TB) who were unable to expectorate.
GW, gastric washing; IS, sputum induction with nebulized hypertonic
saline. *See Results for the breakdown of subjects who were unable to
complete the protocol. "Analyses comparing day 1 with 3-day IS samples
(see text) were performed on this smaller group (shown in italic font).

3 GW specimens and at least 3 IS specimens. Twenty-one sub-
jects underwent bronchoscopy with BAL.

Patient characteristics. Results of at least 3 IS cultures and
3 GW cultures were available for 107 patients. Among these
subjects, the median age was 28 years (range, 16-76 years), and
63% were male. Forty-two subjects (39%) were referred directly
from Heathrow Airport. Eighty-four subjects consented to HIV
testing during their admission, and results were positive for 3
subjects. Thirteen subjects had pleural effusions. A clinical di-
agnosis of TB was made for 76 subjects. The organism was
isolated from 54 of these subjects; in 4 subjects, the organism
was only detected in pleural fluid specimens, and in 1 subject,
it was detected only in an ascitic fluid sample. Nontuberculous
mycobacteria were cultured from 7 subjects; in no case was this
believed to be clinically relevant. Three cases of isoniazid-re-
sistant TB and 1 case of multidrug-resistant TB were detected.

Comparison of IS with GW. Subjects with culture results
for all 3 GW specimens and for at least 3 IS samples were
included in the following analyses. If >3 IS culture results were
available, the first 3 were used for these analyses (for 3 subjects,
only the day 2 or day 3 IS cultures yielded positive results;
therefore, the total number of culture-positive cases in this
analysis is 46, rather than the 49 culture-confirmed cases di-
agnosed in total using IS or GW specimens). Table 2 illustrates
the number of cases diagnosed with the use of each technique.

Gastric Washing vs. Induced Sputum for TB ¢ CID 2007:44 (1 June) 1417



Table 2. Comparison of culture yield for Mycobacterium tuber-
culosis for sputum induced nebulized hypertonic saline (IS) and
gastric washing (GW) specimens for 107 subjects with 3 GW and
=3 IS specimens.

No. (%) of subjects

Positive GW Negative GW
IS culture result culture result® culture result® Total
Positive® 28 14 42 (39)
Negative® 4 61 65 (61)
Total 32 (30) 75 (70) 107 (100)

NOTE. P = .03 by Fisher's exact test comparing the diagnostic yield of IS
versus GW culture.

@ Any of 3 GW cultures yielded positive results.

Al 3 GW cultures yielded negative results.

¢ Any of the first 3 IS specimens yielded positive culture results.
9 All of the first 3 IS cultures yielded negative results.

Forty-two subjects (39%) had positive results for any of 3 IS
cultures, compared with 32 subjects (30%) who had positive
results for any of 3 daily GW cultures (P = .03)

The first IS sample obtained yielded positive culture results
for 30% subjects. Three IS samples detected 9% (95% CI, 4%—
15%) more culture-positive cases than the first IS sample alone
(P =.002) and 6% (95% CI, 2%—-11%) more cases than the
first 2 IS samples (P = .02).

Fourteen subjects (13%) had positive smear results, as de-
termined by direct microscopic examination; 11 of these sub-
jects had positive smear results for both GW and IS specimens.
One subject was had positive smear results only for GW spec-
imens, and 2 had positive smear results only for IS specimens.
There were no statistically significant differences between meth-
ods (P = 1.00). Nine of the 13 IS microscopy—positive subjects
had positive results with the first IS sample; 6 of the 12 GW
microscopy—positive subjects had positive results with the first
GW sample.

Induced sputum volume. The median volume of IS spec-
imen acquired was 4 mL (interquartile range, 35 mL). There
was no association between IS specimen volume and positive
culture results (the median volume for both positive and neg-
ative culture results was 4 mL, and the interquartile range for
both was 3-5 mL; P = .39) or between IS specimen volume
and direct microscopy findings (P = .39).

BAL. BAL was performed for 21 subjects who had negative
smear results. BAL cultures for 5 patients (24%) were positive
for TB, and all were positive using the day 1 IS samples. In
fact, 2 subjects had positive culture results with day 1 IS spec-
imens but negative results with BAL specimens.

Comparison of day 1 IS with 3-day IS procedures.
Seventy-nine subjects had complete data for all 5 IS time points.
Among these subjects, 27 (34%) had positive culture results
with day 1 IS specimens, compared with 29 subjects (37%) who
had positive culture results with 3-day IS procedures (P =

1.00). Table 3 presents the diagnosed cases according to the
day of IS sampling.

Eight subjects had positive results of direct microscopic ex-
aminations for the samples obtained from the 3-day IS pro-
cedures. All of these subjects, in addition to 1 additional subject,
had positive smear results with the day 1 IS samples (P =
1.00).

For the 79 subjects with all 5 IS results, the yield from each
sampling time point could be compared. All GW specimens
and all IS specimens had similar yields, suggesting that sputum
induction had no effect on the yield of subsequent GW or IS
samples. The prevalence of positive TB culture results among
the first day 1 IS samples (27%) was no greater than that among
the second day 1 IS samples (24%; P = .73), the third day 1
IS samples (27%; P = 1.00), the day 2 IS samples (28%;
P = 1.00), or the day 3 IS samples (28%; P = 1.00). The prev-
alence of M. tuberculosis—positive cultures for day 1 GW sam-
ples (23%) was no greater than that for day 2 GW samples
(20%; P = .63) or day 3 GW samples (23%; P = 1.00).

Figure 2 illustrates the cumulative yield of successive IS sam-
ples (as well as the yield of 3 GW samples and of BAL samples)
for subjects with results for all 5 IS samples and all 3 GW
samples. Day 2 and day 3 IS specimen collections resulted in
a total of only 3 additional positive culture results, compared
with the results for samples obtained on day 1 (P = .25 for a
paired binomial exact test comparing 5 IS specimens with the
first 3 IS specimens).

DISCUSSION

In patients with suspected pulmonary TB who are unable to
expectorate sputum spontaneously, the diagnostic yield of 3
sputum samples induced by nebulized hypertonic saline was
greater than that of GW specimens obtained on 3 consecutive

Table 3. Comparison of culture yield for Mycobacterium tu-
berculosis for day 1 versus 3-daily sputum specimens induced
by nebulized hypertonic saline (IS) for 79 subjects with all 5
IS culture results.

No. (%) of subjects

Positive results  Negative results

Day 1 IS of any of 3-day  of any of 3-day

culture results IS cultures® IS cultures® Total

Positive® 26 1 27 (34)

Negative® 3 49 52 (66)
Total (%) 29 (37) 50 (63) 79 (100)

NOTE. P = .63 by Fisher's exact test comparing the diagnostic yield
of day 1 versus 3-day IS cultures.

@ First day 1 IS culture or an IS culture from day 2 or 3 yielded positive
results.

® First day 1 1S culture and IS cultures from days 2 and 3 yielded negative
results.

® Any day 1 IS culture yielded positive results.

<Al day 1 IS cultures yielded negative results.
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Figure 2. Proportion of subjects with cultures positive for Mycobac-
terium tuberculosis, by diagnostic technique, for 79 subjects with results
for all 5 sputum samples obtained by induction with nebulized hypertonic
saline (IS) and all 3 gastric washing (GW) specimens. Cumulative pro-
portions are shown for the 5 IS samples. P = .25, by paired binomial
probability test comparing diagnostic yield of all 5 IS samples versus 3
day 1 IS samples. *Bronchoalveolar lavage (BAL) culture results were
available for 19 subjects.

days. Culture positivity was not associated with the volume of
sputum attained or with the timing of sampling; the IS samples
could be obtained in a single day, allowing for earlier diagnosis,
earlier initiation of treatment, and shorter hospital stay. BAL
samples were obtained from 21 patients with negative smear
results but yielded no additional positive culture results—in
fact, BAL cultures missed 2 cases that had been diagnosed by
IS testing, suggesting that IS culture performs at least as well
as (and perhaps better than) BAL culture in this specific group
of patients, who are unable to expectorate [9, 10].

The study was sufficiently powered to show equivalence be-
tween GW and IS examination. In comparison with our con-
servative estimate, the study revealed a higher rate of positive
culture results and a lower proportion of discordant results
(i.e., subjects who had positive results with one technique and
negative results with another). Although only 56% of enrolled
subjects had results for all 5 IS specimens, this sample size was
sufficient to detect equivalence to within <15% between day 1
IS and 3-day IS.

The technique of sputum induction with hypertonic saline
was introduced >40 years ago [1]. Early studies demonstrated
evidence of enhanced performance relative to the GW proce-
dure; however, recent outbreaks of multidrug-resistant TB as-
sociated with its use in infectious diseases units have discour-
aged some clinicians from using this method [19, 20].
Bronchoscopy has been regarded as an effective alternative
method, but should not be necessary if smear-positive speci-
mens can be safely obtained by IS. Bronchoscopy has limited
availability in resource-poor settings, is invasive, is not without

risk to both patient and staff, and, unlike IS, obtains samples
from only one portion of the lungs [21-23]. This might explain
why, in our study, 2 subjects with negative smear results and
positive culture results with day 1 IS specimens had negative
BAL culture results. A small proportion of patients (10 of 140)
were unable to produce at least 3 sputum samples, even with
induction; for these subjects, GW and bronchoscopy remain
useful methods.

There was no evidence that IS affected subsequent GW (or
IS) yield: the prevalence of culture positivity was similar for all
time points. This accords with an earlier study demonstrating
no effect of IS on subsequent GWs, although in that study,
rates of positive culture results were lower, and a different IS
technique was used [5]. There was no evidence that repeated
sputum induction reduced the yield of subsequent IS sampling.
Indeed, additional samples revealed more culture-positive cases.
However, although the greater the number of samples collected,
the greater the number of positive culture results, the additional
yield contributed by fourth and fifth IS samples was small.
Among subjects with all 5 IS culture results, the addition of
day 2 and day 3 IS samples contributed only 3 extra culture-
positive cases (10% total), compared with the 3 day-1 cases.
Similar results were obtained by Al-Zahrani et al. [13] using
larger saline volumes in a patient cohort with lower rates of
positive culture results. For most subjects, therefore, a total of
3 IS samples collected in a single day is sufficient. Obtainment
of additional samples may be justified for subjects who are at
high risk of developing drug-resistant disease.

Conde et al. [24] found a high yield for IS specimens among
subjects with tuberculous pleural effusions; for this reason, we
included such subjects in our study. We detected TB in IS
samples obtained from 3 subjects (23%) with pleural effusions;
however, in all of these subjects, M. tuberculosis was also isolated
from the pleural space. Exclusion of subjects with pleural ef-
fusions did not alter the findings (41% had positive culture
results with the first 3 IS specimens, and 32% had positive
culture results with the 3-daily GW specimens; P = .04). A
larger study would be needed to confirm the finding of Conde
et al. [24] of an additional benefit of IS over pleural aspirate
and biopsy.

A sizeable proportion of subjects were enrolled in this study
after being referred by the health control facility at Heathrow
Airport. The majority of these new migrants were asymptomatic
and had only minimal changes noted on radiographs. Nearly
one-half had cultures positive for TB (data not shown). The
demonstrated adequacy of rapid collection of 3 IS samples for
TB diagnosis allows for shorter and less invasive hospital ad-
missions for vulnerable people, such as these new migrants.
Patients and nursing staff find IS to be a much better tolerated
procedure. As a result of the study, we have now removed GW
from our protocol for investigation of patients with suspected
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TB who are unable to expectorate. Three IS samples are col-
lected on day 1 of hospitalization, and BAL procedures are
reserved for special circumstances (e.g., if adequate samples
cannot be obtained by IS or GW procedures); this is followed
by administration of anti-TB treatment and prompt discharge.
This strategy of obtainment of 3 IS specimens on 1 day is also
being extended to outpatient investigation and management of
TB.
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