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Serum IgG antibodies in patients with cystic fibrosis
with early Pseudomonas aeruginosa infection
M M BRETT, A T M GHONEIM, AND J M LITTLEWOOD
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SUMMARY Serum IgG antibodies to Pseudomonas aeruginosa surface antigens were measured by
enzyme linked immunosorbent assay in all patients with cystic fibrosis from whom P. aeruginosa
was isolated for the first time during a study period of 18 months. In 15 patients the titre of serum
IgG antibodies was greater than control values before or at the time of the first bacteriological
isolation of P. aeruginosa. The presence of serum antibodies specific to P. aeruginosa suggests
exposure to infection by that organism for some months before its isolation in significant numbers
from the respiratory tract. In the other two patients serum titres were within the control range
before isolation of P. aeruginosa but had increased to above the control range within the next
month. Longitudinal studies on the entire group of patients showed further increases in titre
concurrently with further isolations of P. aeruginosa. These results suggest that this assay may be
an indicator of the beginning of pulmonary infection by P. aeruginosa and may prove to be a
sensitive monitor of the progress of infection, and response to treatment, during the first months
of infection by that organism.

Pulmonary infection by Pseudomonas aeruginosa
remains a major cause of morbidity and mortality in
patients with cystic fibrosis. Indeed, once P. aerugi-
nosa is well established in the lungs it is rarely, if
ever, completely eradicated, despite aggressive anti-
pseudomonal chemotherapy.' 2 In the early stages
of pulmonary infection patients produce little or no
sputum and bacteriological examination of the
respiratory tract is commonly based on throat
swabs. Even if sputum is produced, organisms that
are present in low numbers are difficult to evaluate
by available bacteriological techniques, and their
significance may be in doubt. There is a need for a
test to detect the presence of P. aeruginosa and to
monitor the progress of the early stages of infection
by that organism.
We have previously described an enzyme linked

immunosorbent assay (ELISA) that measured free
serum IgG antibodies against P. aeruginosa cell
surface antigens. This was shown to be a specific and
sensitive monitor of the progress of infection in
patients with cystic fibrosis from whom P. aerugi-
nosa had been isolated intermittently or continuously
for at least six months. 4 In that study we found that
most patients with cystic fibrosis (37 of 52) from
whom P. aeruginosa had not been isolated had
antibody titres within the range of control titres. We

found a group of patients with cystic fibrosis.
however, with antibody titres greater than control
values but from whom P. aeruginosa had not yet
been isolated. These patients were suspected of
having early P. aeruginosa infection. In this paper
we present data on serum anti-pseudomonal IgG
titres in a prospective study on all patients from
whom P. aeruginosa was isolated for the first time
during a study period of 18 months.

Patients and methods

Patients. The patients attended the paediatric and
adult cystic fibrosis clinics at our hospital. Their age
range was 3-27 years (mean (SE) 11-8 (6-7) years).
There were 14 girls and three boys. All had
characteristic clinical features of the disease and had
had at least one positive sweat test.5 Analysis of
previous results of bacteriological tests on these
patients showed that P. aeruginosa had never been
isolated from the respiratory tract, but the organism
was isolated for the first time during the study.

Overall clinical state was assessed by the Shwach-
man score.6 A maximum of 25 points was awarded
for each of the following: chest x ray film, nutrition,
general activity, and physical examination. Declin-
ing scores indicated a worsening condition. Chest
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x ray films were assessed by the Chrispin-Norman
x ray score.7 The possible scores were 0-38, an

increasing score indicating an increasing abnor-
mality.

Methods

Serum
At least two samples were available from 16 of the
patients, the other patient having one sample
available. Control serum samples were collected
from 17 patients who attended the paediatric clinic
and from whom blood specimens were taken surplus
to requirements. The mean (SD) age for the control
group was 9-54 (1-42) years. None had any evidence
of infection caused by P. aeruginosa. All samples
were stored at -20°C until immediately before use.

Enzyme linked immunosorbent assay (ELISA)
IgG antibodies to P. aeruginosa cell surface antigens
were measured by ELISA as previously
described.3 4 Seven strains of P. aeruginosa with
serotypes 1, 3, 6, 9, 10, and 11 and a strain that
could not be typed were used.8 These serotypes
comprise most isolates (86%) from all our patients
with cystic fibrosis and the serotypes of all isolates
obtained from patients included in this study.

Results

During a study period of 18 months P. aeruginosa
was isolated for the first time from 17 patients with
cystic fibrosis. The serum IgG titres against P.

aeruginosa were measured in these patients (Tables
1 and 2). The IgG titres were between 320 and 804 in

11 of the patients before the first isolation of P.
aeruginosa from the respiratory tract and between
440 and 660 in four at the time of the initial isolation
of that organism. Previous work in our laboratory
has established that titres in paediatric patients
without cystic fibrosis with no known P. aeruginosa
infection were between 140 and 250, with an upper

limit (99-9% confidence limits) of 270.3 4 In these 15
patients with cystic fibrosis, therefore, the titres
were greater than the normal range of control values
before or at the time of the first isolation of P.
aeruginosa from the respiratory tract. The earliest
increase in titre was 18 months before the first
isolation of that organism in one patient, but in most
patients the interval was between one and 10
months. There was no correlation between titre and
duration before isolation of P. aeruginosa.
The serum IgG titres were within the normal

range during the months preceding the first isolation
of P. aeruginosa in two of the patients (Table 2).
Within one month of the first isolation, however,
the titre had increased to greater than control values
in both patients.

Further, intermittent, isolations of P. aeruginosa
were obtained from all 17 patients. Ten (cases 1-10)
received one or two courses of intravenous anti-
pseudomonal treatment within six months of the
first isolation of P. aeruginosa (Table 1). In-
travenous treatment was followed by a partial
decline in titre in five patients (cases 1-5), but P.
aeruginosa was not eradicated from their sputum. In

Table I Serum IgG titre to Pseudomonas aeruginosa in patients with cystic fibrosis before and after the first isolation
from the respiratory tract. Figures in parentheses are time in months after isolation or treatment, as applicable

Ser Before P acruginosa
isolation

Montht before Serum1
ftirt isolation IgG titre

A1t 'first P. acrugiios fl
ISolation

Shwachman FE VI
scoere

Alter P. aeruginosa

iso ation

Serum tgG Serumt tg(G titre
titre after treatment

P. aeruginosa 7reatmnent
isolation after

treatment

14 F 11

12

11

1 1

27
9

15

F
F

F
F
F
F

F
M

IX518-5

II

18

16

F 9

317
527
3911
31)11
5411
324
5911
4911
581)

4511
3210

911 9 713 (11 5) 4211 (5) Intermittetit C. F

901
711

(-)
75
X(l
701
9(1
85

94 11174 (1) 4211 (7) Intermittent C. P. T. F
47811 (5-5) 3141 (2.5) Continuous T, A. F

74
33

145'
51)
74
76 3411 (1)

4711 115

274 (3.5)
512 (11.5)

< 1411 (1 )
<2111 (5.5)

17(1 (1)
11() (o)
1411 (12)
1911 (5)
1411 (8)

Intermittent
Intermittent
None (8)
None (3)
None (3)
Nonc (1)

None (18)

T, A. F
T, A, F
T, P
T, A
T, P. F
T, A, C

T1. P

Case Age
No (vearsJ

3

4
5
6
7
8

9

Serum IgG titrc rcfcrs to the sum titrc to scvcn strains. with scrotypc 1. 3. 6. 9(. 1(, and II aind a straini that could not be typcd. C=Ccftazidime.
P=pipercillin. T=tobramycin. A=azlocillin. F=flucloxactillin.
FEV =Forccd .wxptratorv volumc in one second as '/0 of valuc prcdictcd for height.
*Pcak cxptratorv flow ratc .is 'Y0 predictcd for hcight as patictit too young for nctsurement of FEV,.



Serum IgG antibodies in patients with cvstic fibrosis with early Pseudomonas aeruginosa infection 359

Table 2 Serum IgG titre to P. aeruginosa in patients with cystic fibrosis before and after the first isolation from the
respiratory tract

Case Age Ser Before P. aeruginosa At first P. aeruginosa After first P. aeruginosa
No (years) isolation isolation isolation

Months before Serumn Shwachman FEVI Months after Serumtt
isolation IgG titre score first isolation IgG titre

11 14 M ( 450 75 59 1 1020
12 11) F () 41(0 8() 75 17-5 7(0)
13 13 F () 660 70 76 No sample
14 5 M I() 80(4 90 6( 1 150(,
15 4 M 6 336 90( 1()* 2 160()

3 385 7 < 140
16 9 F 15 < 140 8( 118 1 4101

7 <140
0(5 <14(0

17 7 F 11 161) 9(1 7(0 8 3()11
17 721)

Serum IgG titre refers to the sum titre to seven strains, with serotypes 1, 3. 6, 9. 10, and 11 and a strain that could not be typed.
FEVI=Forced expiratory volume in one second as 9 of value predicted for height.
*Peak expiratory flow rate as 0 predicted for height as patient too voung for measurement of FEVi.
tPatients treated with continuous hydrocortisone.

the other five patients (cases 6-10) the titre de-
creased to within the control range in the months
after intravenous treatment, and no further isola-
tions of P. aeruginosa were obtained from their
respiratory tract.
Four patients (cases 11, 12, 16, and 17) were not

given intravenous treatment. P. aeruginosa was

isolated intermittently from their sputum, and sub-
sequent serum samples from all four patients
showed an increase in IgG titre.

During the study, two patients (cases 14 and 15)
began continuous treatment with corticosteroids.
The IgG titre, which had been greater than normal,
decreased to the lower level of detection within two
months of beginning treatment with steroids. It
remained at this low value for the next eight to 15'
months, despite occasional isolations of P. aerugi-
nosa from their sputum.
No further serum sample was available from one

patient (case 13), although P. aeruginosa was

isolated intermittently from sputum samples.
There was no significant correlation between the

IgG titre of the entire group of patients described in
this study with either the Shwachman score or the
Chrispin-Norman x ray score, with the notable
exception of case 3, in whom a severe infection was

rapidly established.

Discussion

The results presented in this paper show that every

patient with cystic fibrosis from whom P. aeruginosa
had never been isolated but who had a serum IgG
titre against P. aeruginosa greater than the control
range subsequently had that organism isolated

intermittently from the respiratory tract. In 11 of the
17 patients the serum IgG titre was greater than
control values one to 18 months before the first
isolation of that organism. A further four patients
had significantly raised IgG titres at the time of the
first isolation of P. aeruginosa. The presence of
serum antibodies specific for P. aeruginosa in these
patients suggests infection by that organism for
some months before its isolation in significant
numbers from the respiratory tract. Bacteriological
examination of these patients often had to be based
on throat swabs; but even if sputum is produced,
organisms present in numbers less than 107 per litre
are unlikely to be detected or considered significant
by the semi-quantitative methods used in our labora-
tory. In addition, treatment with nebulised antibiotics
may eliminate organisms from sputum samples but
not necessarily all those present in the lungs.
The contribution of cross reacting antibodies to

other Gram negative bacteria to this assay has been
shown to be negligible.3 This finding is in agreement
with that of Kohler et al: in a radioimmunoassay
using rabbit anti-pseudomonal serum to detect
pseudomonal cells in urine, cross reaction with other
Gram negative bacteria was also shown to be low.9
We have previously shown that antibodies reacting
with P. aeruginosa were present in very low num-
bers in patients without cystic fibrosis with no P.
aeruginosa infection (between 140 and 250, with an
upper limit (99-9% confidence limits) of 270))3 4
This is also in agreement with the findings of other
workers. Hoiby, using counterimmunoelectrophor-
esis and a sonicated antigen, showed that the
prevalence of precipitating antibodies against P.
aeruginosa increased gradually with age in a normal
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population. 10-12 The antibodies were present, only
at low titres, however, in the normal population and
were directed against two antigens that cross reacted
with antigens from other bacterial species. 0-12 Cost
et al, in a survey of 100 adults of unspecified age with
no known P. aeruginosa infection, using ELISA,
showed that serum antibodies against P. aeruginosa
surface antigens were also present at low titres. 13
Two of the patients in this study had titres within

the control range before the first isolation of P.
aeruginosa. Within about four weeks, however, the
titre of both patients had increased to above control
values. Given the delay in response by the humoral
immune system, it would seem that P. aeruginosa
was first isolated at an early stage of pseudomonal
infection in these two patients.
Subsequent serum samples, available from seven

patients, after the beginning of intermittent P.
aeruginosa isolation but before intravenous anti-
pseudomonal treatment, all showed further in-
creases in titre. This increase suggests a continued
antigen presence and further antigenic stimulus.
Ten of these 17 patients received intravenous anti-

pseudomonal treatment. P. aeruginosa was not
eradicated from the sputum of five patients, and
although their IgG titres decreased, they were still
greater than control values. In the other five
patients intravenous treatment was followed by a
decline in titres to within the control range, accom-
panied by no further isolations of P. aeruginosa
from the respiratory tract, for between three and 18
months to date. This is in contrast with the effect of
treatment on chronic P. aeruginosa infection, when
long term eradication of the organism after treat-
ment is an extremely rare occurrence.' 2
The lack of correlation between the IgG titre of

the entire group of patients described in this study
with either the Shwachman score or the Chrispin-
Norman x ray score is perhaps not surprising for
several reasons. Both scores are fairly crude
measures of clinical state: the infection by P.
aeruginosa in these patients was in the very earliest
stages and so was unlikely to affect either of these
scores. Furthermore, some of these patients had a
well established Staphylococcus aureus or other
bacterial infection, which will mask the small effects
of the beginning of an infection by P. aeruginosa.
The antigen used in this assay was washed, intact

cells being treated with glutaraldehyde. Antigens
accessible for antibody binding are, therefore,
lipopolysaccharides and those cell membrane pro-
teins that are exposed to the surface, with gluta-
raldehyde forming crosslinks between amino
groups. 17 18 The strain that could not be typed used
in this assay often produced a significant titre, which
may be due to antibodies directed against the core

region of lipopolysaccharide, the cell membrane
proteins, or other cell surface antigens. Although
the cell membrane proteins are well conserved, they
are present in different amounts in different
strains. 12( A number of workers have reported
serum antibodies to surface components other than
the lipopolysaccharide side chain: antibodies speci-
fic to the core region of lipopolysaccharide were
detected in the serum of 74% of patients with cystic
fibrosis chronically infected with P. aeruginosa2 l
and in rabbit immune serum.22 Serum antibodies
to outer membrane proteins have been shown
in experimentally infected mice23 24 and patients
with cystic fibrosis chronically infected with
P. aeruginosa.21 25
We have previously reported that this assay was a

sensitive and specific measure of pulmonary infec-
tion by P. aeruginosa in patients with cystic fibrosis
intermittently or chronically infected for at least six
months. The immunological changes correlated with
both the severity of infection and the clinical state of
the patient.3 Hoiby et al, using crossed immuno-
electrophoresis and a sonicated preparation of
P. aeruginosa, showed an increased number of
serum precipitins against P. aeruginosa in patients
infected for at least six months, and increased
numbers of precipitins correlated with a worsening
clinical state."4-6 No such increase was detectable in
patients infected for less than six months.14-46 The
results presented here show that the humoral
response to pseudomonal infection can now be
monitored during the first months of pseudomonal
infection, as well as in the later stages, by ELISA.

We thank the Cystic Fibrosis Research Trust, United Kingdom, for
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Nineteen hundred years ago

"We trained hard-but it seemed that every time we were beginning to form up into teams, we would be re-organised. I
was to learn later in life that we tend to meet any new situation by re-organising, and a wonderful method it can be for
creating the illusion of progress while producing confusion, inefficiency and demoralisation."

GAIUS PETRONIUS-AD 70.


