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Abstract
Background—In order to study the im-
pact on the lung function of patients with
cystic fibrosis of the avidity of antipseu-
domonal antibodies, the avidity of anti-
bodies against the chromosomal
â-lactamase of Pseudomonas aeruginosa
(aâab) and against the 60–65 kDa heat
shock protein of P aeruginosa (anti-
GroEL) were measured in serum samples
collected longitudinally during chronic
infection with P aeruginosa from a group
of patients with poor and good lung
function.
Methods—The thiocyanate elution
method in which the molarity of potas-
sium thiocyanate required to elute 50%
bound antibody under conditions of anti-
gen excess in ELISA was used to measure
the relative avidity.
Results—All patients developed increas-
ing levels of aâab and anti-GroEL anti-
bodies during the follow up period but no
maturation of the avidity of these antibod-
ies was observed. In patients with good
lung function the avidity of aâab was
higher than in patients with poor lung
function (p = 0.018). No significant diVer-
ence in the avidity of the anti-GroEL anti-
bodies was observed between the two
groups of patients.
Conclusion—In patients with cystic fibro-
sis a high avidity of aâab could contribute
to a more eYcient inhibition of the
â-lactamase by these antibodies, resulting
in the better lung function seen in this
group. The immunopathological implica-
tion of the failure in avidity maturation of
antibodies in chronic infection is dis-
cussed.
(Thorax 1999;54:141–144)
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Antibody avidity is a measure of the binding
strength between the antibody combining site
and the antigenic determinant. This is an
important qualitative parameter of the immune
response and there is considerable evidence
that high aYnity antibodies are more eVective
than low aYnity antibodies in a variety of bio-
logical reactions.1 A tendency to produce a
predominantly low aYnity antibody response
may result in defective antigen clearance and
predisposition to immune complex disease.2

Patients with cystic fibrosis whose lungs are
chronically infected with Pseudomonas aerugi-
nosa have high levels of antibodies against P

aeruginosa antigens that are not able to clear
the infection but instead correlate with a poor
prognosis.3 4 The correlation between the anti-
body response and poor prognosis has been
shown to be due to chronic inflammation in the
lungs of patients with cystic fibrosis which is
immune complex mediated.5 It has further-
more been found that the serum of patients
with cystic fibrosis has a defective functional
capacity,6–13 suggesting that the antipseudomo-
nal antibodies in patients with cystic fibrosis
might be of low avidity.

To address the question of whether the avid-
ity of the antipseudomonal antibodies influ-
ences lung function we have measured the
avidity of antibodies against the chromosomal
â-lactamase of P aeruginosa (aâab) and against
the 60–65 kDa heat shock protein of P aerugi-
nosa (anti-GroEL) in groups of patients with
poor and good lung function.

Methods
PATIENTS

The diagnosis of cystic fibrosis was based on
the accepted criteria including genotype, ab-
normal sweat electrolyte levels in repeated
tests, and exocrine pancreatic insuYciency.
After the diagnosis the patients were monitored
during monthly visits to the Danish Cystic
Fibrosis Centre at Rigshospitalet where clinical
data and bacteriology of bronchopulmonary
infections have been recorded prospectively
since 1970.

Pulmonary function (forced vital capacity
(FVC) and forced expiratory volume in one
second (FEV1)) were determined at each
monthly visit using an electronic spirometer
(Spirotron, Dräger, Denmark). All values were
expressed as percentage of the expected values
according to height and sex. The individual
values in this study were the mean of all results
during one year of the observation period. For
practical purposes the duration of the chronic
infection was expressed in seven observation
periods: 1–2, 2–3, 3–4, 4–5, 5–7, 7–9, 9–11
years from the onset of the chronic infection.
Patients with poor/good lung function were
considered those with FEV1 <70%/FEV1

>70% in at least six of the seven observation
periods of the chronic infection. In the last
observation period the mean (SD) body mass
index was 20.8 (2.4) kg/m2 in the group of
patients with good lung function and 18.5
(2.7) kg/m2 in those with poor lung function.

Multiple serum samples (eight/patient) from
11 patients with poor lung function and nine
with good lung function were analysed for lev-
els and avidity of aâab and anti-GroEL IgG
antibodies. The patients were matched for age
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at the onset of the chronic infection (mean 10
years (range 0.8–29)) and for treatment with
â-lactam antibiotics.

Since 1976 all the chronically infected cystic
fibrosis patients have been admitted every third
month at the Danish Cystic Fibrosis Centre for
a two week intravenous course of antipseu-
domonal antibiotics. The treatment consisted
of a combination of tobramycin and a â-lactam
antibiotic.14 All 20 patients had P aeruginosa
strains expressing â-lactamase mediated resist-
ance to â-lactam antibiotics, as previously
shown.15–17

AVIDITY OF SERUM IgG AâAB AND ANTI-GroEL

ANTIBODIES

The avidity of IgG aâab and anti-GroEL anti-
bodies was estimated by a thiocyanate elution
enzyme immunoassay as previously described18

in which the molarity of the thiocyanate
required to elute 50% bound antibody under
conditions of antigen excess was used as a
measure of relative avidity. Preliminary experi-
ments showed that there was no significant
elution of solid phase bound â-lactamase or
GroEL at any of the molarities of thiocyanate
used in the subsequent assays.

Microtitre plates (Microwell, Nunc,
Tåstrup, Denmark) and reagent volumes of
100 µl were used. Plates were coated with 2 µg/
ml purified â-lactamase or recombinant
GroEL in 0.1 M carbonate buVer, pH 9.8,
overnight (at least 15 hours) at 4°C on a
shaking table as previously reported.17 19 Each
serum sample was assayed in 19 replicate wells.
Sixteen wells (eight duplicates) were used for
the aYnity elution procedure with eight diVer-
ent molarities of the KSCN and three wells
(one triplicate) for the control without KSCN.
After the aYnity elution procedure (see next
section), horseradish peroxidase-labelled rab-
bit anti-human IgG, P214, (Dako, Denmark)
was added to each well. The optical density
(OD) at 492 nm was read using an automatic
plate reader. Two-fold dilutions of a pool of 10
cystic fibrosis serum samples selected from the
late phases of infection with high antibody
titres were used to construct standard curves
for aâab and anti-GroEL antibodies. The aâab
and anti-GroEL antibody titres of the control
samples without KSCN were tested on each
microtitre plate. For the aâab ELISA an

arbitrary value of 100 ELISA units (EU) was
given to the 1:1000 dilution of the pool, and for
the antiGroEL antibody ELISA an arbitrary
value of 20 000 ELISA units was given to the
1:20 000 dilution of the pool. Multiple
regression was used to predict from the stand-
ard curve the antibody concentration (in EU)
corresponding to the OD values of the control
tested samples (mean OD of triplicate determi-
nations in the absence of KSCN).

AFFINITY ELUTION PROCEDURE

Potassium thiocyanate (KSCN) was added to
the duplicated test samples (100 µl per well) at
concentrations of 0.5, 0.75, 1, 1.5, 2, 3, 4, 5 M
in the dilution buVer. This range of KSCN
concentrations was chosen after pilot experi-
ments using concentrations from 0.1 to 8 M. In
two serum samples with high avidity, KSCN
molarities of 6 M and 8 M were used. The
plates were incubated for 30 minutes prior to
washing and addition of the conjugate for
ELISA.

DATA ANALYSIS

The absorbance readings in the absence of
thiocyanate were assumed to represent eVec-
tive total binding of specific antibody, and sub-
sequent absorbance readings in the presence of
increasing concentrations of thiocyanate were
converted to the appropriate percentage of the
total bound antibody.18 The data were fitted to
a graph of log10 (percentage binding) versus
molar concentration of KSCN by linear
regression analysis, and the aYnity index, rep-
resenting the molar concentration of thiocy-
anate required to reduce the initial optical den-
sity by 50%, was estimated. Data were rejected
as unreliable if the initial absorbance was below
0.2 or if the correlation coeYcient for the linear
fitting was below 0.80.

REPRODUCIBILITY OF ASSAYS

Ten serum samples from cystic fibrosis patients
with chronic P aeruginosa infection were tested
on two diVerent plates on two diVerent days.
The intra-plate, plate to plate, and day to day
variations of the avidity index were determined
using the formula SD = ∑d2/2n where SD is the
standard deviation, ∑d2 is the sum squared dif-
ferences of double determinations of the same
sample, and n is the number of observations.

Figure 1 Development of serum IgG (A) anti-â-lactamase antibodies and (B) anti-GroEL antibodies during 11 years of
chronic infection with P aeruginosa in nine patients with good lung function and 11 patients with poor lung function. The
data were log transformed and are presented as means with 95% confidence intervals.
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For the intraplate variations four diVerent
KSCN molarities were used on each plate. For
the aâab ELISA the intra-plate, plate to plate,
and day to day variations of the avidity index
were 1.1%, 2.7%, and 2.8%, respectively, and
for the GroEL ELISA they were 1.2%, 2.95%,
and 3.4%, respectively.

To test the validity of our assay we measured
the avidity of anti-GroEL antibodies in three
patients without cystic fibrosis but with P aeru-
ginosa infection and we found, as expected, that
the avidity index increased in consecutive
serum samples (results not shown).

STATISTICAL ANALYSIS

The analysis of variance (ANOVA) test for
repeated measures was used to analyse the dif-
ferences that occurred in time between the two
groups of patients. Logarithmic transformation
of the aâab and anti-GroEL titres was
performed to assure a Normal distribution of
the data. The StatView 5.1 software was used
for statistical description of the results. The
level of significance of the test was 5%.

Results
The development of IgG aâab and anti-GroEL
antibody titres during the first 11 years of the
chronic infection in 11 cystic fibrosis patients
with poor lung function and nine with good
lung function is shown in fig 1. In both groups
of patients there was a significant increase with
time in the serum IgG antibody titres against
â-lactamase and GroEL (p<0.0001). Patients
with poor lung function had higher titres of
anti-GroEL antibodies and lower titres of aâab
than those with good lung function, although
the diVerence between the groups did not
reach statistical significance.

The avidity of serum IgG aâab and anti-
GroEL antibodies in the two groups of patients
is shown in fig 2.

No maturation in the avidity of aâab and
anti-GroEL antibodies was observed during
chronic infection with P aeruginosa.

Patients with good lung function had aâab
antibodies of significantly higher avidity than
those with poor lung function (p = 0.018).
There was no significant diVerence in the avid-
ity of anti-GroEL antibodies between the two
groups of patients. The relative avidity of the
anti-GroEL antibodies was lower than the
avidity of the aâab at all points in time.

Discussion
After immunisation, B cells producing high
aYnity antibodies are selected in the germinal
centres of the lymph nodes and this leads to a
maturation in time of the avidity of the
antibodies.20 A chronic course of infection rep-
resents a diVerent situation as large amounts of
antigen are permanently available. A reduction
in the aYnity of IgG1 antibodies after a long
exposure to an antigen via the gut has been
observed previously.21 The failure in avidity
maturation of antibodies in chronic infection
might have immunopathological implications
as antigen-antibody complexes containing low
avidity antibodies are not readily cleared by the
immune system.2

In the present study we addressed the ques-
tion of whether the lung function of patients
with cystic fibrosis may be influenced by the
avidity of the antipseudomonal antibodies as it
is known that chronic inflammation in the
lungs of patients with cystic fibrosis is immune
complex mediated.5 The levels and avidity of
the IgG aâab and anti-GroEL antibodies were
measured in 11 cystic fibrosis patients with
poor lung function and nine with good lung
function. Although the levels of aâab and anti-
GroEL antibodies increased in both groups of
patients during the 11 year follow up period, no
avidity maturation of these antibodies was
observed. This is in agreement with studies by
Schaad,22 Bruderer,12 Lang,13 and Pier10 who
found that the anti-P aeruginosa antibodies
induced by chronic infection in patients with
cystic fibrosis are of low avidity and low
opsonophagocytic capacity compared with
vaccination induced antibodies.

The avidity pattern was diVerent for the two
diVerent antigens in the two cohorts of
patients. While patients with good lung func-
tion had aâab antibodies of significantly higher
avidity than patients with poor lung function,
no significant diVerence in the avidity of the
anti-GroEL antibodies was observed between
the two groups of patients. The diVerent
pattern in the avidity maturation of aâab and
anti-GroEL antibodies might be due to diVer-
ences in the IgG subclass response against the
two antigens as it has been shown that the dif-
ferent human IgG subclasses express diVerent
avidities.21 23 24

In conclusion, the avidity of antipseudomo-
nal antibodies does not seem to mature during

Figure 2 Avidity of serum IgG (A) anti-â-lactamase antibodies and (B) anti-GroEL antibodies during 11 years of
chronic infection with P aeruginosa in nine patients with good lung function and 11 patients with poor lung function. The
data are presented as means with 95% confidence intervals.
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the course of chronic infection with P aerugi-
nosa in patients with cystic fibrosis, which
could be responsible in part for the progressive
destruction of the lungs mediated by immune
complexes. However, patients with cystic fibro-
sis with good lung function have higher avidity
aâab than those with poor lung function, which
may contribute to a more eYcient inhibition of
the â-lactamase by these antibodies and subse-
quently result in a better eVect of the â-lactam
antibiotics.
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ish Medical Research Council.
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