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) has been a source of controversy for decades. Also

course and the pathogenesis of COPD has ‘ _ »
viruses and other non-infectious causes of exacerbation play a relevant role and also
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contribute to persisting airway' inflamma
infective causes of COPD require considerable time and costs. The development of more rapid,
reliable, and widely applicable methods to promptly define the etiology of COPD exacerbations
should represent a relevant issue in devising earlier and more specific strategies for their
effective therapeutic control. Aim: of the study was to assess the predictive role of some pro-
inflammatory cytokines measured in spontaneous bronchial secretions in discriminating the
main infectious causes of C,OPD,exac’erbati'ons. je

(51-79 y; mean basal FEV, =49:6% pred. = 4.6 'sd; FEV1 reversibility +3.9% from base-
line = 4.8 sd after salbutamol 200 ‘mcg) were studied during acute exacerbation. Respiratory
viruses were isolated from bronchial secretions in 21 cases; common bacteria (CFU > 10%/mi)
in 28 cases; Pseudomonas Aeruginosa (Ps.Ae.; CFU 2> 10%/ml) in 20 cases. The cytokines IL1 B,
IL8, and TNFa (pg/ml; Immulite; Diagnostic Product Corp, Los Angeles, CA; USA), and neu-
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groups (Area under ROC curve = 0.96; 95% Cl = 0,91-0.99), and that, at the second decisional
step, IL8 + IL1p levels discriminate patients with bacterial causes (such as all bacteria) from
the non-infected ones and from those with a viral cause of exacerbation (Area under ROC
curve = 0.87; 95% Cl = 0.77-0.94). Neutrophil percent count did not support any contribution
in discriminating the different subgroups of COPD subjects. Conclusions: when exacerbat-
ed, COPD subjects express different patterns of pro-inflammatory mediators in bronchial
secretions, which appear modulated according to the etiological cause of the exacerbation. In
particular, TNFa concentration per se enables recognition of COPD exacerbations due to
Ps.Ae., while IL8 + IL1p levels prove helpful in discriminating those to common bacteria from
those to viral agents and to non-infectious causes. When present data are further confirmed,
the use of a decisional rule based on cytokine measurements might be regarded as a helpful
predictive tool. As measures of pro-inflammatory cytokines are low-cost, simple, and faster to
perform, they could support rapid clinical decision making at the bedside regarding
therapeutic strategy for COPD exacerbations, in particular when they are needed for severe

COPD patients.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a disease
state characterized by airflow limitation that is not fully
reversible, and progressive lung function decline (1), actually
representing the fourth leading cause of mortality world wide
(2). COPD is associated with intermittent exacerbations char-
acterised by acute deterioration in symptoms, lung function,
and quality of life (3, 4).

Exacerbations have major effects on health status; they are
associated with considerable morbidity and mortality (5), and
often lead to hospital admissions, that represent a major com-
ponent of the socio-economic burden related to COPD (6-8).

The etiology of acute exacerbations of chronic bronchitis
(AECB) is complex, including mucous plugging and regional
atelectasis, inhalation of environmental irritants, discontinua-
tion of medications, deviation from diet, viral infections,
atypical bacteria, and common bacterial infections (9).

Even though the precise role of bacterial infection in the
course and ‘the pathogenesis of COPD has been a source of
controversy for decades, bacteria have a c¢rucial role in the
pathogenesis of COPD exacerbations (10—12): bacteria may be
isolated during periods of quiéscence, but quantitative cultures
‘have demonstrated an increase of some pathogens during an
acute exacerbation (13). Moreover, bacteria can cause direct
epithelial damage, and bacterial endotoxin has been shown
to increase epithelial expression of some pro-inflammatory
cytokines in vitro, providing potential mechanisms to up-
regulate inflammation in cultured human bronchial epithelial
cells (14).

Airway bacterial load has been shown to correlate directly
with markers of neutrophilic inflammation, irrespective of the
pathogen isolated (15). Similarly, the presence of potentially
pathogenic microbes isolated from bronchoalveolar lavage
fluid is strongly associated with increased neutrophils and
concentrations of TNF-a (16).

Viral infections are also important triggers for COPD
exacerbations, which are frequently triggered by upper
respiratory tract infections. These infections are more common
in the winter months when there are more respiratory viruses
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present in the community (17); also rhinoviruses have been
considered an important etiologic factor in COPD exacer-
bations in a recent study (18).

In patients with COPD, lower respiratory tract infections of
viral origin may also cause direct damage to the airway
epithelium resulting in loss of ciliated epithelium, increased
mucus production, and increased plasma exudation (19). The
role of atypical organisms (Mycoplasma Pneumoniae and
Chlamydia pneumoniae, intracellular bacteria that share some
of the characteristics of viruses) in exacerbations of COPD is
still controversial. The mechanism by which they can cause
exacerbation is likely to be similar to that of viral infections,
and thé investigations into the role of these organisms have
depended largely on serological diagnosis (20, 21).

Routine procedures to obtain an effective bacteriological
assessment usually require several hours (or a few days) and
therapeutic decisions can be sometimes dangerously delayed
or over-estimated if empiric choices are the first therapeutic
approach. The development of more reliable, rapid, and
widely applicable methods to timely define the etiology of
COPD exacerbations should represent a relevant issue in
devising earlier and more specific strategies for their effective
prevention and treatment (22).

Aim of the study was to assess the predictive role of some
pro-inflammatory cytokines measured in spontaneous bron- _
chial secretions in discriminating the main infectious causes of

COPD exacerbation.

MATERIAL AND METHODS
Study population

Adult patients with moderate COPD suffering from an
acute exacerbation of their condition were eligible for
enrolment. The severity of the disease was defined according
to the criteria of the GOLD guidelines (1). Demographics and
baseline clinical characteristics are summarized in Table 1.

One hundred and twenty-four moderate COPD patients with
mild-to-moderate respiratory exacerbations entered the study
and were categorized according to the criteria by Anthonisen
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Table 1. Demographics and clinical characteristics of patients
sampled

Sex 83m; 41f
Age 51-79y
Mean age 67.5y + 6.6 sd
Smoking habit

Current smoker n = 41

Ex-smoker n=69

Never smoker n=14
Man basal FEV1 49.6% pred. + 4.6 sd
Mean basal FEV1/FVC 51.3 + 124 sd
GOLD severity

2a n=65

2b n=>59

+3.9% + 4.8 sd

Reversibility from baseline

Reversibility as % predicted

Mean FEV1 during exacerbation
Type of exacerbation (Anthonisen)
Type 1 )
Type 2

+1.8% + 1.9 sd
38.0% pred. + 8.4 sd

n=236
n=>54

et al. (23). Type I exacerbation: characterized by increased
breathlessness, increased sputum volume, and new or in-
creased sputum purulence; type II: the presence of any two of
these symptoms; type III: the presence of any one of the
symptoms, together with at least one additional feature, in-
cluding sore throat or nasal discharge within the last five days,
increased cough, presence of fever (oral temperature > 38°C).

Exclusion criteria were: atopic condition; bronchial asthma;
bronctiectasis (checked by CXR and CT); pregnancy or lac-
tation; chest X-ray suggestive of pneumonia; recent diag-
nosis or unresolved lung malignancy; evidence of significant
immunosuppression; evidence of significant liver impair-
ment; renal insufficiency; other life-threatening illness; pre-
vious use of antibiotics in the 4 weeks prior to the enrollment.

Adjunctive medications including inhaled steroids and bron-
chodilators, mucolytics, and oral theophylline were permitted
according to usual practice.

Bacteriological assessments

When admitted, a spontaneous sputum sample was
obtained from each patient for culture within 2 hours.
Bacterial identification was performed by standard techniques.
Bacterial titres were measured by counting the number of
colonies in the dilution plates and multiplying the count by the
appropriate dilution factor. Bacterial count was expressed in
CFU/ml (Colony Forming Units)/ml, and only a CFU/ml titres

= 10% was considered of causative value for exacerbation.
None of the patients included in the present study (who were
periodically controlled) had a CFU value >10%ml outside
the exacerbation period. The standard methods used for sputum
cultures were: the COS + Optochina/Haem/ CAN/ CPS ID 2

" at 37°C in CO, for 24-48 hours for Gram™ agents, and the

McConkey at 37°C in aerobiosys for 24-48 h for Gram™
agents, by Biomerieux, Paris, France.

Diagnosis of atypical organisms

A blood sample was taken from every patient for the
diagnosis of Mycoplasma pneumoniae and Chlamidia pneu-
moniae by enzyme immunoassay (EIA) kit (Adaltis Spa,
Casalecchio di Reno, Italia) for the determination of anti-
bodies in human serum.

The detection of antibodies is based on the principle of
enzyme-linked immunosorbent assay (ELISA). The purified,
homogeneous antigen is fixed to each well of the micro-plate.
Any specific antibodies present in the patient’s serum are
bound during the first incubation. After removing unbound
material by washing, the presence of specific antibodies is
detected by using anti-human IgG or IgM or IgA peroxidase-
linked conjugate during the second incubation. Excess
conjugate is then removed and substrate is added, resulting
in the development of a blue color. The enzyme reaction is
terminated by the addition of a stop solution. The intensity of a.
yellow color thus developed is proportional to the concentra-
tion of antibodies in the sample. The infection.was considered
active when it was possible to detect IgA and IgM antibodies.
_ Indirect immunofluorescence was used for the diagnosis of
Chlamydia pneumoniae. The serum from the patients is
incubated with bacterial antigen (Euroimmun, Liibeck,
Germany). The antibodies present in the patient’s serum are
bound during the incubation and they react after with anti-
human antibodies conjugate with fluorescine and are recog-
nized by fluorescence microscopy.

The specificity was of 94% for Mycoplasmapn. and of
95% for Chlamydia pn. respectively, and sensitivity was 98%
for both.

Detection of respiratory viruses

The PathoDx Respiratory Virus Panel (RVP) kit (Diagnos-
tic Products Corporation, Los Angeles, CA, USA) consists ofa
direct immunofluorescence test for the qualitative detection of
the 7 most common respiratory viruses (Respiratory Syncytial
Virus — RSV; virus Influenza A; virus Influenza B; Para-

Table 2. Mean levels of IL1p, IL-8, and TNFx in bronchial secretions, together with

(interquartile range in parentheses) according to the pathogen type

% neutrophil count assessed in bronchial secretions

Causes of COPD No. of cases TNFz (pg/ml) IL1B (pg/ml) IL8 (pg/ml) Neutrophils (%)
Non inf. 55 (44.4%) 112.1 (119.5) 1394.4 (1232.6) 8201.8 (6600.0) 71.6 (7.9)
Virus + 21 (16.9%) 181.8 (125.6) 1774.7 (1255.6) 9996.0 (4438.5) 74.1 (8.4)
Bacteria + 28 (22.6%) 721.6 (1186.0) 3009.8 (1353.1) 16599.6 (9866.7) 74.4 (11.8)
Pseud. aer.+ 20 (16.1%) 2417.6 (1485.3) 3623.4 (1121.8) 16087.4 (15813.4) 84.4 (4.9)
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Figure 1. Statistical distribution (box and whisker plot) of TNFa, IL18, IL-8 levels and of neutrophil % count in bronchial secretions according to
the four causes for COPD exacerbations: 1) Non-infected, 2) Virus +, 3) Common bacteria, and 4) Pseudomonas aeruginosa +. The central box
represents the valués from the lower to upper quartile (25 to 75 percentile). The middle line inside the box represents the median value. The
dashed lines (whiskers) extend from the minimum to the maximum values, excluding outliers that are displayed as separate points. An outlier is
defined a value that is smaller than the lower quartile minus 1.5 times the interquartile range, or larger than the upper quartile plus 1.5:times the

influenza viruses 1, 2, and 3, and Adenoviruses) in prepared
patient specimens, such as bronchial secretions. The PathoDx
RVP consists of one_screening reagent containing monoclonal
antibodies to each respiratory virus and seven virus-specific
monoclonal antibody reagents. All reagents contain monoclo-
nal antibody labelled with fluorescin. Acetone-fixed cells from
either patient’s specimens or cell culture are stained with the
RVP screening reagent and the negative control reagent. The
screening reagents contain fluorescin-labelled monoclonal
antibodies for each virus. They will react specifically to any
of the viral antigens, if present in the cell. The negative control

reagent contains fluorescin-labeled murine antibodies that do
not react with the viral agents. Under fluorescence micros-
copy, the viral antigens recognised by the monoclonal anti-
bodies will show a characteristic apple-green fluorescence,
while uninfected cells will counterstain red with Evan blue,
To identify which of the seven respiratory viruses is reactive
with the screening reagent, acetone-fixed cell preparations are
stained with each of the seven virus-specific reagents, washed
free of unbound antibody, mounted with buffered glycerol,
and observed under flaorescence microscopy. The responsible
viruses will show characteristic apple-green fluorescence

Table 3. Figures report the coefficients of the muitinomial logit model

Common bacteria +

Pseud. aer. +

Virus +
Variable  Coeff. 95%Cl p-value  Coeff. 95%Cl pvalue  Coeff. 95%Cl p-value
TNFax 0.00338 0.00028-0.06482  0.033 0.00715 0.00406-0.01026 < 001 0.00801  0.00492-0.01110 < 001
IL1B 0.00025 - 0.00013-0.00063 0.211 0.00086 0.00048-0.00124 < 001 0.00130 0.00082-0.00178 < 001
IL8 0.00006 - 0.00003-0.00014 0.222 0.00014 0.00004-0.00023  0.005 0.00013  0.00004-0.00023 0.006
Neutr. 0.03172 - 0.02344-0.08689  0.260 0.03554 — 0.03346-0.10454 0.313 0.23227 0.14522-0.31933 < 001

“Non-infected’ group of subjects is the base category (consfant terms are not reported). Coeff.: values of coefficients calculated for all variables
studied in each group. 95%Cl: confidence interval for each coefficient. p-value: the level of the statistical significance for each calculated coefficient.
The predictive performances of this model were compared to those of all other classification models considered in the present study (see Table 6).
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TNFa < 492

IL1b < 2818
1+2

1+2

Figure 2. Pruned classification tree model. Numbers near the final
nodes indicate the causes of COPD exacerbations predicted by the
model: (1 + 2) Non-infected and Virus +"¢; (3) Common bacter-
ia +¥® and (4) Pseudomonas aeruginosa +'®. The values reported
in the figure (such as: IL8 < 4811, TNFx < 811, and IL1b < 2818)
indicate the classification thréshold values (in pg/mi) for group
1+ 2; 3, and 4, respectively. The predictive performances of this
model were compared to those of all other classification models
considered in the present study (see Table 6).

with uninfected cells counterstaining in red. The PathoDx
RVP can be used to provide rapid and accurate identifica-
tion of viral respiratory pathogens by direct detection of
prepared patient specimens or in confirmation of cell culture
isolates (24).Sensitivity and specificity of the method for
diagnosing respiratory viruses vary from 100% to 98.6%,
respectively (25).

Sputum processing and counting

Following the bacteriological procedures, the remainder of
the sputum sample was filled into a 1-ml Eppendorf tube,
weighted, and mixed with an equal volume of 0.1%
dithiothreitol (Calbiochem; Schwalbach, Germany) in phos-
phate-buffered saline solution. Sputum was gently vortexed
and placed into a water bath at 37°C for 15 minutes to allow
homogenisation of the sample. Sample was then centrifuged
(2800 revolutions per minute for 10 minutes); the supernatant
was aspirated and re-centrifuged (3000 revolutions per minute

for 5 minutes; 1500 G force generated by Cytocentrifuge
Sukura Finetek, Torrance, CA, USA) to completely remove
cellular components, and immediately frozen at —70°C. Spu-
tum cells were counted after cytospin preparation and staining
with Hemacolor staining to assess the quality of the sample.
Only supernatant of sputum samples with a squamous cell
contamination of < 20% was used for further analysis. Neu-
trophil count was expressed in % total cell count.

IL-1B, IL-8, and TNFu assay

The concentration of IL1B, IL-8, and TNFx in pooled
secretion supernatant was measured by an automated immuno-
analyser (Immulite; Diagnostic Product Corp., Los Angeles,
CA, USA), which represents a new approach for the fully
automated determinations of these cytokines. For a single
determination, a total volume of 0.05 ml secretion volume
+ 0.1 ml void volume is required. The technique is based on a
solid phase (bead) with two sites for the chemiluminescent
enzyme immunometric assay. The analysis is performed

- within 60 to 90 minutes, with a good stability of the

calibration curve for 15 days (25).

Statistical analysis

The dependent variable ‘‘Causes of COPD exacerbations’’
has been encoded as follows: 1) Non-infected, 2) Viruses™,
3) Common Bacteria®, and 4) Pseudomonas aerations*. We
tried to model and predict this variable by mearis of a set of
discriminant statistical models and four explanatory variables
(TNFo, IL1B, IL8, and Neutrophil count). Confidence in-
tervals were estimated by the bootstrap bias corrected (BC)
method taking 20,000 bootstrap replications (26).

The ability of the model to predict the dependent variable,

that is the agreement between true and predicted classes, was

measured by the Cohen Kappa statistic. The mair advantage
of this statistic is that it adjusts the agreement rate for the
agreement due to chance (27). The estimated values of Kappa
were interpreted according to the standard benchmarks pro-
posed by Landis and Koch: Kappa< 0 indicates no agreement;
0-0.19 poor agreement; 0.20—0.39 fair agreement; 0.40-0.59
moderate agreement; 0.60-0.79 good agreement; 0.80-1.00
excellent agreement (28).

The predictive performance of the proposed discriminant
model was assessed on in-sample and out-of-sample data. In

Table 4. Confusion matrix of the simple classification rule TNFx >492

Predicted class

Non inf., virus+ and bact.+ 94
Pseudomonas aeruginosa + 10
Total 104

Values show the predictive perform

exacerbation causes (i-e., Pseudomonas ae. vs all others). In this case, 94 and 18 represent th

Non inf., virus + and bacteria +

True class
Pseudomonas aeruginosa + Total
2- 96
18 28
20 124

ance of the first logistic model in assigning each of all 124 sample units to the correct or incorrect group of COPD

e number of sample units correctly assigned to all the

other causes, and to the Pseudomonas ae. cause of exacerbation, respectively.
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First logistic model
Predictive variables: TNFo
Classification task: 1+2+3

‘.______I

Second logistic model
Predictive variables: IL1b
and IL8

=

Figure 3. The proposed is a “two stage" model. At the first level,
using a logistic model with the TNF « variable only (threshold value
for the output probability thr; = 0.15), the model discriminates
subjects with pseudomonas aeruginosa from the remaining ones
(odds ration for standardized TNF o OR = 4.58, 95% Cl 2.56-8.21,
area under ROC curve = 0.96, 95% Cl = 0.91-0.99). Atthe second
level, another logistic model with IL1b and IL-8 (threshold value for
the output probability thr, = 0.23) discriminates subjects exacer-
bated by common bacteria from the non-infected and the virus-
infected ones (odds ratio for standardized IL-8 OR = 3.72, 95% Cl
1.85-7.47, area under ROC curve = 0.87, 95% Cl = 0.77-0.94).

the former case, we used the whole sample to estimate the
model and to test its predictive power. In the second case, the
sample was split into a learning set and a testing test: the first
set of data was used to estimate the parameters, while the
second one to measuré the generalization properties of
the model. The rate between the size of the learning and the
testing set was 3:1. It is worth noting that out-of-sample
confidence intervals for Kappa are always wider than in-
sample ones, because the latter does not take into account the
generalization error of the model.

In addition to global performance, the predictive power of
the model for the single classes was also measured by esti-
mating the Kappa statistics (k;. 2, k3, and k,) of the three 2 x 2.
matrices obtained collapsing two rows and two columns of the
confusion matrix. Classification trees where pruned at the best
level of pruning. This level was estimated minimizing a 10-fold
cross-validation estimation of the misclassification costs (29).

Data management, Cohen’s Kappa, bias-corrected (BC)
bootstrap confidence intervals, logistic and multinomial logit

model estimation were undertaken by Stata 8.0 (30). Linear,
quadratic, and mahalanobis discriminant analysis, classifica-
tion and regression trees (CART) were estimated by Matlab
6.5 with the Statistics toolbox (31).

RESULTS

The detection of respiratory viruses and the bacteriological
cultures were negative in 55 cases (Anthonisen type 1: n = 10;
type 2: n = 25, and type 3: n = 20), and these exacerbations
were considered of non-infectious cause.

Directimmunofluorescence tests for respiratory viruses were
positive in 21 cases (Anthonisen type 1: n = 5; type 2: n = 12,
and type 3:n = 4) such as: RSV n = 6; Virus Influenza An = 4;
Virus Influenza B n = 4; Virus Parainfluenza n = 2; ‘Adenovi-
ruses n =35, while bacteriological cultures were negative
for pathogens.

Bacteriological cultures for common bacteria were positive
in 28 cases (Anthonisen type 1: n = 18; type 2 n = 3, and type
3: n =7) including: Streptococcus pneumoniae n = 8; Hae-
mophilus influenza n = 6; Moraxella catarrhalis n = 6; Hae-
mophilus parainfluenzae n = 4; Klebsiella pneumoniae n = 2;
Staphylococcus aureus n = 2, and negative by direct immuno-
fluorescence tests for respiratory viruses.

In further 20 cases (Anthonisen type 1: n = 10; type 2:n = 7,
and type 3: n=3), strains of Pseudomonas aeruginosa
were isolated, with negative direct immunofluorescence tests
for respiratory viruses. Their bacterial load (defined by the
CFU/ml value) was 10 in 13 cases, and 107 in the remaining
7 Pseudomonas ae. infected.

In 122/124 acutely exacerbated patients, enzyme immuno-
assay and indirect immunofluorescence for Mycoplasma pneu-
moniae and Chlamydia pneumoniae did not suggest any
causative role of these agents in the current exacerbation.

Exacerbated subjects with mixed microbes (i.e., the
presence of more than one bacterial agent, or of bacteria +
virus) were not included in the present study in order to firstly
investigate and assess the role of ‘‘pure conditions’’ in affect-
ing cytokine production. o '

Exploratory and univariate analysis

Mean values (xsd) of the four independent variables
(IL1B, IL-8, and TNFx and neutrophil count) are reported in
Table 2 for each subgroup of exacerbated subjects. Fig. 1

Table 5. Confusion matrix of the “two-stage” logistic model

True class

Predicted class Non-infected and virus + Common bacteria + Pseudomonas aeruginosa Total
Non-inf. and virus + 71 9 2 82
Common bacteria + 5 16 3 24
Pseudo. aer.+ 0 3 15 18
Total 76 28 20 124

Values show the predictive performance of the second logistic model in assigning each of all 124 sample units to the correct or incorrect group of
COPD exacerbation causes (i.e., viral + non-infected, common bacteria, and Pseudomonas ae.). In this case, 71, 16, and 15 represent the number of

sample units correctly assigned to the three groups of COPD exacerbation causes, respectively.
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odel and the comparison with other discriminant models

Table 6. The predictive performances of the proposed two-stage logistic m
Model Kiot 95% Cl K1z 95% Cl Ks 95% Cl Ks 95% Cl
TNFa > 492 In-sample - - - - - - 0.68 0.52 -0.85
“Two-stage” logistic In-sample 0.62 0.45-0.75 0.69 0.51-0.82 0.43 0.09-0.63 0.71 0.46-0.87
Out-of-sample ~ 0.59 0.22-0.88 0.66 0.22-0.93 0.39 - 0.11-0.84 0.68 — 0.04-1.00
Multinomial logit Out-of-sample  0.58 0.23-0.88 0.70 0.29-0.94 0.39 — 0.09-0.83 0.60 - 0.08-1.00
Linear discrim. Out-of-sample 0.53 0.24-0.79 0.61 0.30-0.87 0.37 — 0.04-0.71 0.61 — 0.06-0.91
Quadratic discrim. Out-of-sample 0.56 0.26-0.82 0.68 0.37-0.93 0.37 - 0.10-0.74 0.59 - 0.06-1.00
Mabhalanobis discrim. Out-of-sample 0.44 0.17-0.72 0.52 0.22-0.81 0.27 - 0.10-0.62 0.56 — 0.04-1.00
0.08 - 0.39-0.71 0.31 — 0.36-1.00

— 0.40-0.74 0.30 - 0.71-0.81

CART Out-of-sample  0.23

ed subjects lying in the non-infected and virus-infected class. K3 and K, assess the
and Pseudomonas aeruginosa + subjects, respectively. Ko is @ measure of the total
of exacerbations: (1 + 2); 3, and 4. When compared 1o all other possible classification
ple units in the different groups. Kio = 0.62

K1.2 is a measure of the agreement between true and predict
predictive power of the model for common bacteria + subjects
predictive power of the model in discriminating the three classes

models, the “two stage logistic” model provides the best performance for the true classification of the sam|
represents the higher value obtained.

gives further details about the distributions of the variables -

inside the four subgroups.
In order to explore the association between IL1B, IL-8,

TNFa, and neutrophil count and the causes of COPD exac-
erbations, four univariate multinomial logit models were
estimated. Table 3 reports the coefficients of these models,
together with their 95% confidence intervals and the cor-
responding p-values.

Going further into the analysis of the relationship existing
between dependent and independent variables, the classifica-
tion tree (CART) was also estimated and reported in Fig. 2.
TNFa appeared to be the most influential variable in
the classification scheme. Moreover, the tree indicated a
threshold value ¢lose to 492 pg/ml. Adopting the simple rule
TNFa > 492 pg/ml for classifying ‘‘Pseudomonas aerugi-
nosa+' subjects, the confusion matrix reported in Table 4 is
obtained. The estimated in-sample Kappa statistic was 0.68
(95% CI = 0.52-0.85).

Predictive model

The proposed ‘‘two-stage’” predictive model is shown in
Fig. 3. At the first level, using a logistic model with the TNFa
variable only (threshold value for the output probability
thr; = 0.15), the model discriminates subjects with Pseudo-
monas aeruginosa from the remaining ones (area under ROC
curve = 0.96, 95% CI = 0.91-0.99).

At the second level, another logistic model with IL-1B and

“IL-8 (threshold value for the output probability thr, = 0.23)
discriminates subjects exacerbated by common bacteria from
the non-infected and the virus-infected ones (area under ROC
curve = 0.87, 95%CI = 0.77-0.94).

The confusion matrix of the whole model is given in
Table 5. The estimated in-sample Kappa was 0.62 (95%CI =
0.45-0.75). The out-of-sample Kappa was 0.59 (95%CI =
0.22-0.88). Table 6 gives a detailed description of the pre-
dictive performances of the model. The generalization prop-
erties of this model were also compared with those of five
other discriminating models: multinomial logit model, linear,
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quadratic, mahalanobis discriminant analysis, and CART.
Results are summarized in Table 6.

DISCUSSION

Factors determining susceptibility to exacerbations are
strictly related to the pathogenic determinants of COPD,
such as a reduced mucociliary clearance and an increased
mucus production, which can facilitate mucosal invasion of
infectious agents and their adherence to the bronchial
structures (32), together with a relevant increase of local

inflammatory processes.

Recurrence of exacerbation of symptoms characterizes the
natural history of COPD with varying frequency: these epi-
sodes lead to a progressive increase in medical care, hospita-
lization, and to a corresponding drop in quality of life (7). Even
though infections are regarded as crucial events in the course
and the pathogenesis of COPD, the precise role of different
infectious agents has been a source of controversy for decades.

The role of inflammatory mediators is even less clear, both
in the stable condition and during exacerbations, with the
changes in pro-inflammatory cytokines during exacerbations
still a hotly debated topic. While a relationship was found
between IL-8 and IL-6 concentrations in induced sputum and
the frequency of exacerbations (33), further studies did not
confirm this relationship when other confounding factors were
taken into account (such as: smoking habit, severity of airway
obstruction, presence of bronchiectasis, steroid treatment)
(34, 35).

Neutrophilic inflammatory changes are typical in COPD,
and neutrophils are recruited from the circulation in response
to chemoattractant mediators, particularly LTB4 and IL-8,
with the latter being the most expressed cytokine in most
severe episodes of COPD exacerbations (36). Also TNFx
tends to increase in spontaneous sputum during exacerbations,
and its higher concentrations may facilitate the expression of
adhesion molecules, with the consequent cell migration and

neutrophil activation (12, 3.
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At present, the precise relationship between the different
infectious agents involved in COPD exacerbations and the
pro-inflammatory cytokine response is still unclear, even
though bacterial load was found directly related with markers
of neutrophilic inflammation in a study carried out on
subjects with chronic bronchitis irrespective of the pathogen
isolated (15). Few studies have investigated the cytokine
response during COPD exacerbations, and they were mainly
animal models, in vitro studies on human tissues or on very
few human subjects in experimental conditions, and were not
pathogen specific.

In clinics, the causative role of bacterial agents in COPD
exacerbations is difficult to define as is that of respiratory
viruses in causing inflammatory changes and/or promoting
secondary bacterial infections. Furthermore, the evidence for the
viral etiology of exacerbation is usually indirect, and usually
depending on serological assessment and seroconversion.

Moreovér, also non-infectious factors (such as: air pol-
lution, ozone, sulphur dioxide, diesel particulate, nitrogen
oxide, etc.) can work as confounding factors by stimulating
the production of pro-inflammatory cytokines directly, and
facilitating a significant neutrophilic inflammation.

In bacterial exacerbations, airway inflammation has been
recently presumed to be characterized by greater neutrophilic
inflammation, particularly in the presence of high bacterial
load (15): .the effect of the different species of bacterial
pathogens still remains to be clarified even though the
persistence of Hemophilus influenzae in lower airways is
regarded as able to stimulate airway epithelium to produce
pro-inflammatory cytokines, particularly those producing
neutrophil chemotaxis. On the other hand, the enhancement
of epithelial «cell permeability, the increased expression of
intracellular adhesion molecules, and the increase in IL-6, IL-
8, and TNFx release were demonstrated in in vitro studies
carried out on cultures of human bronchial epithelial cells
(38). Similarly, the presence of potentially pathogenic
microbes isolated from bronchoalveolar lavage fluid in stable
COPD has been shown to be strongly associated with
 increased neutrophils and concentrations of TNF-a in a

clinical model (16), suggesting that the presence of bacteria
in the lower airways of stable COPD subjects is not innocuous.

Data of the present study demonstrate that, when
exacerbated, COPD subjects are characterised by different
patterns of pro-inflammatory cytokines in bronchial secretions
according to the different infectious cause of the exacerbation.
The univariate analysis of Table 1 and Fig. 1 showed that only
the distribution of TNFa in the ‘‘Pseudomonas aeruginosa+’’
group clearly differentiated those from the remaining groups.
This is clearly confirmed by the CART estimation: the
variable at the top of the tree (and therefore the most
discriminating one) is TNFa (Fig. 2). Moreover, the simple
rule TNFa > 492 pg/ml suggested by the CART model has a
strong capability for discriminating the ‘‘Pseudomonas
aeruginosa+" group (Tables 4 and 6).

Preliminary analysis also showed that neutrophil percent
count did not support any contribution in discriminating the

14 March 2005

different subgroups of COPD subjects and that not one of the
variables (singularly or jointly) considered could discriminate
between non-infected and virus-infected subjects. This is the
reason why these two groups were collapsed into a single one.
Unfortunately, the absolute neutrophil count was not calcu-
lated in the present paper, and hence we cannot comment
regarding the absolute neutrophil changes during the different
causes of exacerbations.

Despite IL8 and neutrophil percent differential counts not
appearing to be affected by DTT use (39, 40), a reduction
in TNFx absolute concentration has been described in spu-
tum processed with DTT (40, 41). In our study, great dif-
ferences in TNFa concentrations were measured depending
on the different cause of exacerbation even though all spu-
tum samples were processed according to the same protocol
(reducing the likelihood of a systematic error). In particu-
lar, the power of the two-stage logistic model is evident by
the highly differentiated TNFx concentrations in different
causes of exacerbation (such as quite low in viral and non-
infectious exacerbations, and quite high in exacerbations due
to Pseudomonas ae.).

Multi-nomial logit models (Table 6) and CART model also
suggested that IL-1 and IL-8 could contribute in discrimi-
nating common bacteria-infected subjects. Therefore, the
exploratory and univariate analysis supported and supplied
some useful information for the construction of the ‘‘two-
stage’’ predictive model shown in Fig. 3. When compared to
all other possible classification models, the ‘‘two stage
logistic’* model provides the best performance for the true
classification of the sample units in the different groups:
Kior = 0.68 represents the higher value obtained.

Results reported in Tables 5 and 6 lead: to the following
conclusions: 1) the *‘two-stage’ logistic model showed a
substantial agreement between true and predicted categories;
2) each model considered here showed a moderate or fair
agreement between true and predicted ‘‘common bacteria®™
categories (see K estimates in Table 6); 3) the discriminating
capability of the “‘two-stage’” logistic model 1 is approxi-
mately equal or superior to any other classification models
taken into account.

In other words, the proposed model proved to be a sim-
ple, easy to interpret, and helpful tool for discriminating
the main causes of COPD exacerbation by using some pro-
inflammatory cytokines measured in spontaneous bronchial
secretions. Of course. given the limited size of our sample,
no definitive conclusions can be drawn and further analyses
are needed.

Among the bacterial species isolated, only Pseudomonas
ae. (the most dangerous pathogen for severe COPD patients)
manifested a well-defined TNFz production, while all other
pathogens did not show individually any peculiar cytokine
pattern in bronchial secretions. This is partially in agreement
with other studies (135, 16), where correlation between markers
of neutrophil inflammation and bacterial infection was
described as absolutely independent of the pathogen isolated

in the airways.
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Similarly to other studies, also in our experience neutrophil
percent count did not contribute to clarify per se the etiologic
cause of exacerbation: its poor sensitivity is likely due to
the high bacterial load required for inclusion (such as CFU =
10%/ml). Cases with lower bacterial loads in bronchial
secretions were excluded from the study in order to reduce
their possible role as confounding factors in the logistic model.

Unlike other studies concerning the effect of airway

infection on pro-inflammatory markers, in the present study

“the role or respiratory viruses per se was also investigated, and
their cytokine production appeared indistinguishable from that
of non-infectious causes of acute exacerbations. Even though
further studies are neéded to confirm present data, it represents
an interesting finding that deserves further attention.

In the present study HRV was not detected. On the other
hand, the aim of the present study was not that of calcu-
lating the prevalence of exacerbations due to viral, common
bacteria, and to Pseudomonas ae. The particular aim of the
study was to assess the discriminating value of cytokine
response during COPD exacerbations of different causes
(to viruses, common bacteria, and Pseudomonas ae., or non-
infective). Actually, non-infective and viral exacerbations
are combined in the same class (1 + 2) because these two
conditions proved indistinguishable from each other in terms
of cytokine response, while class 3 and class 4 were very
well discriminated. We are aware that the non-detection of
HRV may represent a limit for the present study (we are, in
fact, testing its detection by means of much more specific
and sensitive genetic probes), particularly with regard to
precise identification of the viral epidemiology of COPD
exacerbations. The HRV non-detection, however, does not
affect the value of the logistic regression model as pre-
sented here because the non-inféctive and viral exacerba-
tions, such as class (1 + 2), are absolutely indistinguishable
in terms of cytokines production. In other words, only the
B percentage of non-infective causes would change (such as
decrease) in favor of the viral causes of exacerbation, but
nothing would change at all in general terms, with regard to
the proportion of exacerbations due to common bacteria and
Pseudomonas ae.

At present, data from true clinical models carried out
on adequate numbers of patient samples are lacking. To our
knowledge, the present study represents a pivotal attempt
to support a probabilistic model for discriminating in clin-
ics the main COPD exacerbation causes in respect to the
pathogen isolated.

Further studies are in progress to investigate more ex-
tensively any other correlation between some particular
clinical conditions (such as: smoking history, duration of the
disease, duration of some chronic therapeutic treatments, sever-
ity of exacerbation, etc.) and the expression of these pro-
inflammatory cytokines in bronchial secretions.

In conclusion, when acutely exacerbated, COPD subjects
display characteristically different patterns of pro-inflam-
matory cytokines in bronchial secretions, according to the
etiological cause of exacerbation: the assessment of these
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cytokines in sputum can then be presumed to possibly be of
some utility in the clinical management of COPD patients.

As TNF7, IL8, and IL-1B measures are not costly or time-
consuming procedures to perform, when present data further
confirmed, the use of a decisional rule based on these pro-
inflammatory indices might be regarded as a promising diag-
nostic tool in addition to usual bacteriological assessment,
and particularly when decisions for a specific treatment of
a COPD exacerbation (i.e., the most convenient choice of
antibiotic) is needed at the bedside in short order due to the
severity of the patient’s clinical conditions.
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