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Abstract

Background—Pseudomonas aeruginosa
is a frequent cause of infection in patients
with bronchiectasis. Differentiation be-
tween non-infected patients and those
with different degrees of P aeruginosa
infection could influence the management
and prognosis of these patients. The diag-
nostic usefulness of serum IgG antibodies
against P aeruginosa outer membrane
proteins was determined in patients with
bronchiectasis without cystic fibrosis.
Methods—Fifty six patients were classi-
fied according to sputum culture into
three groups: group A (n=18) with no P
aeruginosa in any sample; group B (n=18)
with P aeruginosa alternating with other
microorganisms; and group C (n=20) with
P aeruginosa in all sputum samples. Each
patient had at least three sputum cultures
in the 6 months prior to serum collection.
Detection of antibodies was performed by
Western blot and their presence against 20
protein bands (10-121 kd) was assessed.
Results—Antibodies to more than four
bands in total or to five individual bands
(36, 26, 22, 20 or 18 kd) differentiated
group B from group A, while antibodies to
a total of more than eight bands or to 10
individual bands (104, 69, 63, 56, 50, 44, 30,
25, 22, 13 kd) differentiated group C from
group B. When discordant results between
the total number of bands and the fre-
quency of P aeruginosa isolation were
obtained, the follow up of patients sug-
gested that the former, in most cases, pre-
dicted chronic P aeruginosa colonisation.
Conclusion—In patients with bron-
chiectasis the degree of P aeruginosa
infection can be determined by the
number and type of outer membrane pro-
tein bands indicating which serum anti-
bodies are present.

(Thorax 2001;56:669-674)
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Patients with bronchiectasis are predisposed to
persistent lower respiratory tract infections.'
Haemophilus influenzae, Staphylococcus aureus,
and Streptrococcus pneumoniae may be isolated in
the sputum in early or less advanced stages of
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the disease. Later, Pseudomonas aeruginosa may
be detected, alternating with other microor-
ganisms but, as the disease progresses, P aeru-
ginosa displaces the other organisms and
appears more consistently in the sputum.’’ It
has been observed in patients with cystic fibro-
sis that P aeruginosa infection of the lower res-
piratory tract may be associated with a
progressive deterioration in pulmonary func-
tion.* *> Early detection of initial or intermittent
P aeruginosa infection in patients with cystic
fibrosis may be important as certain antibiotic
treatments have proved useful in preventing or
delaying chronic P aeruginosa infection.’

It is possible to monitor the specific immune
response to P aeruginosa by antibody detection
since it has been proved in patients with cystic
fibrosis that the response is greater as the
disease evolves or when mucoid phenotype P
aeruginosa is isolated.” In these patients the
production of high titres of specific antibodies
to P aeruginosa appears to be an important fac-
tor in them becoming chronically infected with
P aeruginosa. These antibodies are not only
incapable of eradicating the bacteria, but form
immune complexes that activate inflammation
mediators with subsequent destruction of lung
parenchyma tissue and progressive deteriora-
tion in pulmonary function.” " ® It has therefore
been suggested that the detection of specific
anti-P aeruginosa antibodies in patients with
cystic fibrosis correlates with an aggressive
course of the chronic infection and worse
prognosis of the disease.’

Similar events appear to occur in some
bronchiectasis patients without cystic fibrosis.
The sequence of microorganisms isolated from
the bronchial tree is similar and, although P
aeruginosa infection in these patients could
simply be a marker of severe disease, it has been
associated with greater disease progression and
worse lung function.'”"? Nevertheless, cystic
fibrosis is a disease with specific characteristics
and it is unknown whether the antibody
response to P aeruginosa in bronchiectasis
patients without cystic fibrosis follows the same
pattern.

The aim of this study was to establish the
presence of specific antibodies to P aeruginosa
and to assess whether these antibodies permit
differentiation of different infectious states in
patients with bronchiectasis not caused by
cystic fibrosis.
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Methods

PATIENTS

Fifty six patients with bronchiectasis diagnosed
by clinical history and high resolution chest CT
scanning were included in the study. Two sweat
tests were normal in all cases. Blood samples
were all negative for 31 cystic fibrosis muta-
tions including AF508, G542X and N1303K,
the most frequent mutations in Spain.” The
cause of the bronchiectasis was not identified
in 33 cases, 16 patients had a history of pulmo-
nary tuberculosis, six had an immuno-
deficiency, and one patient had Young’s
syndrome. All had attended the pneumology
outpatient clinic during the previous year and
were clinically stable on inclusion in the study.
At least three sputum cultures, separated by a
minimum of 1 month, were taken in the 6
months before the start of the study.

Patients were classified into three groups
according to microbiological criteria: group A
(n=18) from whom P aeruginosa was not
isolated in any of the sputum samples; group B
(n=18) from whom P aeruginosa was isolated
alternating with positive cultures for other
microorganisms; and group C (n=20) from
whom P aeruginosa was isolated in all sputum
samples.

Sex, age, time with previous positive cultures
to P aeruginosa, number of admissions in the
year prior to the study, and pulmonary function
spirometric parameters were evaluated in each
patient. The results of sputum cultures per-
formed in the 24 months after inclusion in the
study were also collected.

BLOOD AND SPUTUM SAMPLE PROCESSING

A blood sample for later antibody study was
obtained from each patient. Microbiological
study of sputum was performed if the latter
fulfilled determined quality criteria on micro-
scopic examination." The study included
Gram smear, conventional culture in blood
agar, McConkey and Sabouraud media, and
quantitative culture in chocolate agar. P aerugi-
nosa was identified by conventional microbio-
logical methods"” and the AMS Vitek (Bio
Mérieux, Marey-Etoile, France) system.

STRAINS AND CULTURE CONDITIONS

Several P aeruginosa strains isolated from spu-
tum samples of patients with chronic P aerugi-
nosa infection were selected according to their
morphological characteristics (mucoid pheno-
type in blood and McConkey agar). As all had
a very similar outer membrane protein pattern
on Western blot analysis, the P aeruginosa
strain used for detection of anti-P aeruginosa
outer membrane protein specific antibodies
was selected for its better capacity to grow in
the absence of iron.'® The strain was cultured at
37°C under shaking in a chemically defined
medium (CDM) containing 40 mM
(NH),SO,, 3.2 mM K,HPO,.3H,0, 0.62 mM
KCl, 0.5 mM NaCl, 0.4 mM MgSO,.7H,0,
and 50 mM 3-(N-morpholino)-2-hydroxy-
propanesulfonic acid (MOPSO)."” The pH of
the medium was adjusted to 7.8 with NaOH.
Following sterilisation of the medium and
before inoculating the strain, 40 mM glucose
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were added as the only source of carbon and
energy.

OUTER MEMBRANE PROTEIN PREPARATION

Outer membrane protein preparation was car-
ried out according to the method of Filip et al."®
Bacteria grown at 37°C in CDM were
collected by centrifugation and resuspended in
sterile physiological serum. The humid weight
was calculated and they were resuspended in
distilled water at 10 ml for each 0.5 g and bro-
ken by sonication in an ice bath (20 kHz for 2
minutes, 5 cycles). Whole cells were eliminated
by centrifugation at 5000g for 20 minutes. Sar-
cosyl (N-lauroyl-sarcosine Na) was added up
to a final concentration of 2% to solubilise the
inner membranes and incubated at room tem-
perature for 30 minutes. Outer membranes
were collected by centrifugation at 38 000g for
1 hour at 4°C. The pellets with outer
membrane proteins were resuspended in
50 mM Tris-HCI (pH 6.8) and stored frozen at
—70°C until used. The total protein concentra-
tion of the preparation was calculated by the
benzethonium chloride method with a BM/
Hitachi 917 automatic analyser (Boehringer-
Mannheim Corporation, Indianapolis, IN,
USA) following the method of Luxton ez al."

WESTERN BLOT
Separation of outer membrane proteins was
achieved using vertical electrophoresis in SDS-
polyacrylamide gel in a 4-20% gradient
according to the Laemmli method® with the
Protean II system (Bio-Rad Laboratories, Her-
cules, CA, USA). The quantity of outer mem-
brane proteins was 120 pg per gel diluted up to
a final volume of 250 pl with 50 mM Tris-HCl
(pH 6.8). This preparation was mixed with
250 pl of sample buffer (10% glycerol, 2%
SDS, 5%  2-mercaptoethanol, 0.003%
bromophenol blue in Tris-HClI pH 6.8
(50 mM)) and heated at 90°C for 10 minutes
before being inoculated into the gel. Following
electrophoresis, transfer to nitrocellulose was
made in accordance with the Towbin method*
for 3.5 hours at 100 volts plus 15 hours at
35 volts. The nitrocellulose membrane con-
taining outer membrane proteins was cut into
strips 3 mm in width which were stored at 4°C
until use.

The Immun-blot Assay Kit (Bio-Rad Labo-
ratories) with anti-human IgG conjugated with
alkaline phosphatase was used for detection of
type IgG immune response. The whole process
was carried out at room temperature and in an
orbital shaker. All serum samples were assayed
at a dilution of 1/100. Briefly, the nitrocellulose
strips were blocked for 1 hour with 5%
skimmed milk in Tris-NaCl (20 mM Tris-HCI,
500 mM NaCl, pH 7.5) and washed once with
Tris-NaCl with 0.05% Tween 20. Serum sam-
ples diluted in Tris-NaCl with 0.05% Tween
20 plus 2% skimmed milk were incubated with
the nitrocellulose strips for 2 hours, washed
three times with Tris-NaCl with 0.05% Tween
20, incubated for 1 hour with human anti-IgG
conjugated with alkaline phosphatase diluted
1/3000 in Tris-NaCl with 0.05% Tween 20
plus 2% skimmed milk, and then incubated for
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Table 1  Characteristics of the three groups of patients with non-CF bronchiectasis

Patient characteristics

Group A (n=18)

Group B (n=18) Group C (n=20) p value

M/F 9/9

Age (years)* 58.9 (11.86)
FEV, (/ml)** 1.6 (1.0-2.1)
FEV, (% predicted)* 62.9 (21.3)
FVC (/ml)** 2.35 (1.6-3.1)
FVC (% predicted)* 69.2 (17.8)
Admissions during year before study** 0 (0-1)

Previous time with P aeruginosa (months)* -

12/6 10/10 NS
67.4 (10.9) 64.5 (11.9) NS

1.1 (0.8-1.6) 0.9 (0.6-1.1) 0.015
52.7 (22.2) 38.8 (13.8) 0.001
1.65 (1.4-2.2) 1.65 (1.0-2.3) NS
56.0 (20.7) 50.2 (16.8) 0.009
1 (1-2) 2 (1-3) <0.001
15 (21) 32 (20) 0.0045

CF = cystic fibrosis; FEV, = forced expiratory volume in 1 second; FVC = forced vital capacity; NS = not significant.

*Mean (SD).
**Median (quartiles 1-3).

30 minutes with the substrate (nitroblue tetra-
zolium and 5-bromo-4 chloro-3 indoyl phos-
phate) prepared following the manufacturer’s
instructions.

CALCULATION OF MOLECULAR WEIGHT

The molecular weight of the individual protein
bands detected by Western blot was estimated
by comparison with a pattern of proteins of
known molecular weight (6.5-200 kd) (Bio-
Rad Laboratories) which were subjected to
electrophoresis and transfer under identical
conditions to outer membrane protein prepara-
tion.

ASSESSMENT OF WESTERN BLOT TECHNIQUE
To assess the total number of outer membrane
protein bands and the presence of each
individual band found by our Western blot
technique, serum samples from 30 healthy
individuals of similar age and sex distribution
to the patients with bronchiectasis were
assayed.

STATISTICAL ANALYSIS

Qualitative variables are presented as absolute
values and corresponding percentages, and
quantitative variables are presented as mean
(SD) values or median (quartiles 1-3) when
normality criteria were not met. Qualitative
variables were compared using the Pearson’s y*
test or Fisher’s exact test according to applica-
tion conditions. The Student’s ¢ test was used
to compare quantitative variables between two
groups or the Mann-Whitney U test when nor-
mality criteria were not met. Multiple compari-
sons between three or more groups were made
using analysis of variance or the Kruskal-Wallis
test if the data were not normally distributed.
The level of statistical significance in all cases
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Figure 1  Total number of outer membrane protein bands (OMP) detected by Western blot

analysis. Each patient in the three groups of patients with bronchiectasis (A=18, B=18,
C=20) is represented by the toral number of OMP bands to which antibodies were detected.
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was <0.05. Optimum cut off points selected
were those with the highest efficiency (percent-
age of well classified individuals), and the area
under the ROC curve (ROCarea) with its 95%
confidence interval (95% CI) is provided to
describe their discrimination power.

Results

PATIENT CHARACTERISTICS

Characteristics of the three groups of patients
with bronchiectasis are shown in table 1.
Significant differences were found in respira-
tory functional parameters, absolute and per-
centage predicted forced expiratory volume in
1 second, and percentage predicted forced vital
capacity between the three patient groups and
in the number of hospital admissions during
the year prior to inclusion in the study.

MOLECULAR WEIGHT OF OUTER MEMBRANE
PROTEIN BANDS DETECTED BY WESTERN BLOT
The presence of antibodies to 20 bands of P
aeruginosa outer membrane proteins was stud-
ied by Western blot. The bands were denomi-
nated by their estimated molecular weight with
a mean of three values of 121, 104, 94, 89, 81,
69,63,56,50,47,44, 36, 30, 26, 25, 22, 20, 18,
13, and 10 kd.

ASSESSMENT OF WESTERN BLOT TECHNIQUE
In one of 30 healthy individuals (16 men, mean
(SD) age 62 (13) years) the median (quartiles
1-3) total number of bands detected by West-
ern blot was 1 (0.0-1.0). When each of the
individual outer membrane protein bands
detected was assessed, antibodies to the 56 kd
band were found in nine (30%) and antibodies
to the 10 kd band in six (20%) of these healthy
individuals. Fewer than 10% had antibodies to
any of the 12 outer membrane proteins (94, 81,
69, 47, 36, 30, 26, 25, 22, 20, 18, and 16 kd
bands). No healthy individuals had antibodies
against six outer membrane proteins (121, 104,
89, 63, 50 and 44 kd).

ASSOCIATION BETWEEN TOTAL NUMBER OF BANDS
DETECTED BY WESTERN BLOT AND FREQUENCY
OF P AERUGINOSA ISOLATION

The presence of P aeruginosa anti-outer mem-
brane protein antibodies assessed by the total
number of bands in each group of bronchiecta-
sis patients is shown in fig 1 and table 2. No
significant differences were found in the total
number of bands between those without previ-
ous isolation of P aeruginosa (group A) and the
healthy individuals, but significant differences
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Table 2 Total number of P aeruginosa outer membrane
protein bands to which antibodies were detected by Western
blot

Patients Total number of bands
Group A (n=18) 1 (1.0-2.0)

Group B (n=18) 5.5 (1.7-9.0)

Group C (n=20) 12 (10.2-14.0)

p value <0.0001

Values are medians (quartiles 1-3).

were found between the three groups of bron-
chiectasis patients (table 2). The Kruskal-
Wallis test for multiple comparison analysis of
the three patient groups indicated that the dif-
ferences observed were significant between
group C and group A (p<0.05) and between
group C and group B (p<0.05).

All the possible cut off points, using the total
number of outer membrane protein bands
detected, were assessed to differentiate be-
tween the patient groups. The best cut off point
between groups A and B was >4 bands
(efficiency 75%, ROCarea 0.75, 95% CI 0.58
to 0.88). Similarly, the optimum cut off point
obtained to differentiate between groups C and
B was >8 bands (efficiency 75%, ROCarea
0.79,95% CI 0.63 to 0.91).

In group A 17 of the 18 patients (94.4%) had
<4 bands and, with the exception of two in
whom a first P aeruginosa isolation was
obtained 18 and 20 months later, the rest (15/
18) remained free from P aeruginosa infection
in the follow up period. P aeruginosa was later
isolated from the only patient in this group who
had >4 bands (7 bands).

Eight of the 18 patients in group B had <4
bands and in seven of these P aeruginosa had
been isolated for the first time during the
month before the serum sample was taken.
With the exception of one case, P aeruginosa
was not isolated during follow up. In six of the
18 patients in this group 5-8 bands were
detected, but P aeruginosa was isolated in only
one. In the four remaining patients >8 bands
were detected and P aeruginosa was isolated
from three of these during the follow up period.

In 16 of the 20 patients in group C >8 bands
were detected and on only three occasions was
P aeruginosa not isolated in the follow up
period (3, 6 and 12 months of control). In three
patients 6, 7, and 8 bands were detected,
respectively, although P aeruginosa continued
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to be isolated chronically. In one case the
number of bands was <4 but P aeruginosa con-
tinued to be isolated chronically.

ASSOCIATION BETWEEN INDIVIDUAL BANDS
DETECTED BY WESTERN BLOT AND FREQUENCY
OF P AERUGINOSA ISOLATION

The presence of antibodies against individual
bands of P aeruginosa outer membrane proteins
and their possible association with the three
patient groups was assessed (table 3). No
significant differences were found in the
presence of individual bands between patients
in group A and the healthy individuals. The
presence of antibodies against five individual
bands (36, 26, 22, 20 and 18 kd) of the 20
detected by Western blot was significant when
patients of group A were compared with those
of group B (table 3). When patients in groups
B and C were compared the difference in the
presence of antibodies to 10 bands (104, 69,
63, 56, 50, 44, 30, 25, 22, and 13 kd) was sig-
nificant (table 3).

Discussion
It has been suggested that the specific immune
response may identify patients with cystic
fibrosis infected with P aeruginosa.”> Although
this response would also be expected to be use-
ful in evaluating non-cystic fibrosis patients
with bronchiectasis infected with P aeruginosa,
no study investigating this possibility has been
found in the literature. In this study a correla-
tion was found between the frequency of P
aeruginosa isolation in sputum and anti-P aeru-
ginosa antibodies detected by Western blot,
which suggests that this technique could iden-
tify and distinguish between different degrees
of P aeruginosa infection in these patients.

Various types of antigens have been used by
different authors to ascertain the presence of
specific antibodies to P aeruginosa in patients
with cystic fibrosis.”*** We chose to use outer
membrane proteins as antigens as they have
some advantages, the most important of which
are their conservation among the 17 P
aeruginosa serotypes,” their proven antigenic-
ity,® * and the fact that they present no cross
reaction with other Gram negative bacilli.”

To obtain the outer membrane protein
preparation we assessed several strains isolated

Table 3 Results of Western blot by individual P aeruginosa outer membrane protein bands to which antibodies were detected

Number (%) of individuals with antibodies p value
P aeruginosa OMP band (kd)* Group A (n=18) Group B (n=18) Group C (n=20) Group Bv A Group Cv B
104 0 (0.0) 3 (16.7) 10 (50.0) NS 0.031
69 1 (5.6) 4 (22.2) 13 (65.0) NS 0.008
63 0 (0.0) 3 (16.7) 15 (75.0) NS <0.001
56 7 (38.9) 10 (55.6) 18 (90.0) NS 0.041
50 5 (27.8) 8 (44.4) 19 (95.0) NS 0.001
44 1 (5.6) 2 (11.1) 9 (45.0) NS 0.021
36 3 (16.7) 12 (66.7) 18 (90.0) 0.002 NS
30 1 (5.6) 5 (27.8) 13 (65.0) NS 0.022
26 0 (0.0 9 (50.0) 12 (60.0) 0.002 NS
25 0 (0.0) 2 (11.1) 13 (65.0) NS 0.001
22 0 (0.0) 5 (27.8) 13 (65.0) 0.045 0.022
20 0 (0.0 8 (44.4) 6 (30.0) 0.005 NS
18 4 (22.2) 12 (66.7) 18 (90.0) 0.007 NS
13 5 (27.8) 4 (22.2) 12 (60.0) NS 0.019

OMP = outer membrane protein; NS = not significant.

*Only the OMP bands with significant differences between groups are shown.
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from sputum samples of our patients chroni-
cally infected by mucoid P aeruginosa, as did
Shand ez al."” Since all the strains had a very
similar pattern of outer membrane protein on
Western blot analysis, as expected by their con-
servation among P aeruginosa serotypes,”’ the P
aeruginosa strain used for detection of anti-P
aeruginosa outer membrane protein specific
antibodies was finally selected for its better
capacity to grow in the absence of iron as this is
necessary to guarantee the production of iron
regulated outer membrane proteins.'®

Although the classic technique for demon-
strating the presence of these antibodies has
been crossed immunoelectrophoresis,”immuno-
enzymatic techniques such as enzyme-linked
immunosorbent assay”** or Western blot
analysis'” ** * have proved to be much more
sensitive; the latter permits simultaneous study
of antibodies against different antigenic com-
ponents. Our Western blot technique even
introduces some improvements compared with
that used by Shand et al'’ since, with the use of
gels in a gradient of 4-20%, better separation
and transfer of outer membrane proteins to
nitrocellulose membrane are achieved, thereby
permitting better assessment of high molecular
weight outer membrane proteins.”

As reported in other studies,'’ '* the presence
of P aeruginosa in the sputum of non-cystic
fibrosis patients with bronchiectasis is associ-
ated with greater deterioration in pulmonary
function and a higher number of hospital
admissions. We do not believe that this implies
a bias which invalidates the results since it is
clear that the detection of antibodies against P
aeruginosa must be attributed directly to the
immunological stimulus resulting from the
presence of this bacterium in the bronchial
tree.

With respect to the total number of bands
found, our results indicate that the presence of
antibodies against more than four bands
permits differentiation between patients with
bronchiectasis from whom P aeruginosa was
not isolated (group A) and those with intermit-
tent isolation (group B). The presence of anti-
bodies to some protein bands in patients in
group A might be explained by the presence in
their serum of antibodies that may cross react
with some of the outer membrane proteins
studied, in most cases (38.9%) against the
56 kd protein. Similarly, 30% of individuals in
the healthy group showed reactivity against the
same protein. In the only patient in group A
who had more than four bands, P aeruginosa
was isolated chronically during follow up. In
fact, using an enzyme-linked immunosorbent
assay, Brett er al’”” found that an increase in the
titre of IgG against P aeruginosa surface
antigens above the control range preceded iso-
lation of P aeruginosa in patients with cystic
fibrosis in whom it had not been isolated previ-
ously. In the present study we also found that
the presence of antibodies against more than
eight bands permits the diagnosis of chronic
isolation of P aeruginosa in bronchiectasis
patients. The distribution of the results in
group B may be explained by the difficulty in
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interpreting microbiological results when isola-
tion of P aeruginosa is not consistent. However,
P aeruginosa was not isolated again in most of
the patients in group B with four bands or less,
while in those with more than eight bands P
aeruginosa continued to be isolated during the
follow up period. Thus, in the former patients
an absent or low antibody response could sug-
gest a transient infection with response at the
bronchial level but not sufficiently intense at
the systemic level, while in the latter group an
increased response would suggest an early
response or failure in P aeruginosa recovery
owing to an inadequate sample or low bacteria
counts in chronically infected patients. Hoiby
et al’* observed a positive correlation between
the severity of P aeruginosa infection in patients
with cystic fibrosis and the number of precipi-
tating bands detected by crossed immunoelec-
trophoresis using soluble antigen. The number
of precipitating bands has even been used
together with sputum microbiology to identify
patients with chronic P aeruginosa infection.”
Shand et al,’® using the same soluble antigen
and Western blot technique, found highly
significant differences in the number and
intensity of blotted bands between serum sam-
ples taken before and after a diagnosis of P
aeruginosa lung infection. Hancock et al,”® using
Western blot and outer membrane protein
preparation (as in our study), found a correla-
tion in patients with cystic fibrosis between the
presence of antibodies against P aeruginosa
outer membrane proteins and P aeruginosa iso-
lation for more than one year.

Shand et al” studied the chronological
appearance of antibodies against outer mem-
brane proteins including those dependent on
iron. The earliest antibodies appeared against
outer membrane protein H1 (21 kd) and were
generally accompanied by antibodies against G
(20-25 kd) and/or I (15-16 kd). Antibodies
against iron-dependent outer membrane pro-
teins (71, 74, 76, and 83 kd) appeared late and
only in seriously ill patients; thus, it is likely that
these proteins are not expressed until the
infection is very advanced. Although we did not
identify the outer membrane protein bands of
P aeruginosa or perform sequential analysis of
patients, we did observe that antibodies against
36 kd and/or 18 kd proteins were probably the
most precocious since, though rarely found in
group A patients, they did appear in most of the
patients in groups B and C. Antibodies to the
69, 63, 30, 25, and 22 kd proteins differenti-
ated well between patients in groups C and B
and therefore probably appear later. Our high
molecular weight proteins (81-121 kd) prob-
ably corresponded to iron-dependent outer
membrane proteins and, as observed by Shand
et al,'" appeared much later only in some
patients in group C.

As in cystic fibrosis, determination of anti-P
aeruginosa antibodies could also be useful in
patients with bronchiectasis without cystic
fibrosis. It would be particularly useful in
patients who have difficulty in producing good
quality samples for microbiological sputum
culture and in those whose previous clinical
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and microbiological history is unknown. Fur-
thermore, it would contribute additional infor-
mation to that obtained from microbiological
study of sputum samples.

The authors wish to thank Christine O’Hara for useful
manuscript corrections, Rosa Lloria for secretarial assistance,
and Maria Teresa Barbero for technical assistance.

E Caballero and M-E Drobnic both contributed equally to
the study.

S C I ST

[N

N}

e}

=)

—
—_

14

1

w

16
17

Barker AF, Bardana EJ. Bronchiectasis: update of an orphan
disease. Am Rev Respir Dis 1988;137:969-78.

Koch C, Heiby N. Pathogenesis of cystic fibrosis. Lancet
1993;341:1065-9.

Fiel SB. Clinical management of pulmonary disease in
cystic fibrosis. Lancer 1993;341:1070—4.

Packe GE, Hodson ME. Changes in spirometry during con-
secutive admissions for infective pulmonary exacerbations
in adolescent and adult cystic fibrosis. Respir Med 1992;86:
45-8.

Moss RB. Cystic fibrosis: Pathogenesis, pulmonary infection
and treatment. Clin Infect Dis 1995;21:839-51.

Valerius NH, Koch C, Heiby N. Prevention of chronic Pseu-
domonas aeruginosa colonisation in cystic fibrosis by early
treatment. Lancer 1991;338:725-6.

Pier GB. Pulmonary disease associated with Pseudomonas
aeruginosa in cystic fibrosis: current status of the host-
bacterium interaction. ¥ Infect Dis 1985;151:575-80.

Hoiby N, Schietz PO. Immune complex-mediated tissue
damage in the lungs of cystic fibrosis patients with chronic
Pseudomonas aeruginosa infection. Acta Paediatr Scand
1982;301(Suppl):63-73.

Hoiby N, Koch C. Pseudomonas aeruginosa in cystic fibrosis
and its management. Thorax 1990;45:881-4.

Wilson CB, Jones PW, O’Leary CJ, ez al. Effect of sputum
bacteriology on the quality of life of patients with
bronchiectasis. Eur Respir ¥ 1997;10:1754—60.

Wells A, Desai S, Whetton C, et al. The isolation of
Pseudomonas aeruginosa from sputum in idiopathic
bronchiectasis: an association with extensive disease and
severe airflow obstruction. Am Rev Respir Dis 1993;147:
A645.

Evans SA, Turner SM, Bosch BJ, ez al. Lung function in
bronchiectasis: the influence of Pseudomonas aeruginosa.
Eur Respir 7 1996;9:1601-4.

Casals T, Numes V, Palacio A, et al. Cystic fibrosis in Spain:
high frequency of mutation G542X in the Mediterranean
coastal area. Hum Genet 1993;91:66-70.

Murray PR, Washington JA. Microscopic and bacteriologic
analysis of expectorated sputum. Mayo Clinic Proc 1975;50:
330-44.

Barrow GI, Feltham RKA. Characters of Gram-negative
bacteria. In: Cowan and Steel’s manual for the identification of
medical bacteria. Cambridge: Cambridge University Press,
1993: 94-150.

Neilands JB. Microbial envelope proteins related to iron.
Ann Rev Microbiol 1982;36:285-309.

Shand GH, Pedersen SS, Brown MR, et al. Serum antibod-
ies to Pseudomonas aeruginosa outer membrane proteins

www. thoraxjnl.com

18

19

20

2

—_

22

2

W

24

25

26

27

28

29

30

31

3

[N}

Caballero, Drobnic, Pérez, et al

and iron-regulated membrane proteins at different stages of
chronic cystic fibrosis lung infection. ¥ Med Microbiol 1991;
34:203-12.

Filip C, Fletcher G, Wulff JL, et al. Solubilization of the
cytoplasmic membrane of Escherichia coli by the ionic
detergent sodium-lauryl sarcosinate. ¥ Bacteriol 1973;115:
717-22.

Luxton RW, Patel P, Keir G, er al. A micro-method for
measuring total protein in cerebrospinal fluid by using
benzethonium chloride in microtiter plate wells. Clin Chem
1989;35:1731-4.

Laemmli UK. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature
1970;227:680-5.

Towbin H, Staehelin T, Gordon J. Electrophoretic transfer
of proteins from polyacrylamide gels to nitrocellulose
sheets: procedure and some applications. Proc Natl Acad Sci
USA 1979;76:4350—4.

Hoiby N. Pseudomonas aeruginosa infection in cystic fibrosis.
Diagnostic and prognostic significance of Pseudomonas
aeruginosa precipitins determined by crossed immunoelec-
trophoresis. A survey. Acta Pathol Microbiol Immunol Scand
Section C 1977;262(Suppl):3-96.

Pedersen SS, Espersen F, Hoiby, N. Diagnosis of chronic
Pseudomonas aeruginosa infection in cystic fibrosis by
enzyme-linked immunosorbent assay. § Clin Microbiol
1987;25:1830-6.

Brett MM, Ghoneim ATM, Littlewood JM, ez al. Develop-
ment of enzyme-linked immunosorbent assay (ELISA) to
detect antibodies to Pseudomonas aeruginosa cell surface
antigens in sera of patients with cystic fibrosis. ¥ Clin Pathol
1986;39:1124-9.

Fomsgaard A, Dinesen B, Shand GH, et al. Anti-
lipopolysaccharide antibodies and differential diagnosis of
chronic Pseudomonas aeruginosa lung infection in cystic
fibrosis patients. ¥ Clin Microbiol 1989;27:1222-9.

Brauner A, Cryz SJ, Granstrom M, et al. Immunoglobulin G
antibodies to Pseudomonas aeruginosa lipopolysaccharides
and exotoxin A in patients with cystic fibrosis or
bacteriemia. Eur ¥ Clin Microbiol Infect Dis 1993;12:430-6.

Mutharia LM, Nicas TI, Hancock REW. Outer membrane
proteins of Pseudomonas aeruginosa serotype strains. ¥ Infect
Dis 1982;146:770-9.

Hancock REW, Mouat ECA, Speert DP. Quantitation and
identification of antibodies to outer-membrane proteins of
Pseudomonas aeruginosa in sera of patients with cystic fibro-
sis. F Infect Dis 1984;149:220-6.

Aronoff S C, Stern C. Serum IgG antibody to outer
membrane antigens of Pseudomonas cepacia and Pseu-
domonas aeruginosa in cystic fibrosis. ¥ Infect Dis 1988;157:
934-40.

Shand GH, Pedersen SS, Tilling R, ez al. Use of immunob-
lot detection of serum antibodies in the diagnosis of
chronic Pseudomonas aeruginosa lung infection in cystic
fibrosis. ¥ Med Microbiol 1988;27:169-77.

Hames BD. One-dimensional polyacrylamide gel electro-
phoresis. In: Hames BD, Rickwood D, eds. Gel electrophore-
sis of proteins. A practical approach. 2nd ed. NewYork:
Oxford University Press, 1990:1-147.

Brett MM, Simmonds EJ, Ghoneim ATM, ez al. The value
of serum IgG titres against Pseudomonas aeruginosa in the
management of early pseudomonal infection in cystic
fibrosis. Arch Dis Child 1992;67:1086-8.

yBuAdoo Ag palosloid 1senb Ag 202 ‘6 [Mdy uo jwod fwg xeloyy/:dny wol) papeojumod "TO0Z Jaquiaidas T uo 699°6'95 XUY9ETT 0T Se paysiignd 1siy :xeoy L


http://thorax.bmj.com/

