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COPD

Background: Pancreatic stone protein/regenerating protein (PSP/reg) serum levels are supposed
to be increased in bacterial inflammation. PSP/reg levels also might be useful, therefore, as a
predictor of bacterial infection in COPD.

Methods: Two hundred consecutive patients presenting to the ED due to acute exacerbation of
COPD were prospectively assessed. Patients were evaluated based on clinical, laboratory, and lung
functional parameters at admission (exacerbation) and after short-term follow-up (14-21 days).
PSP/reg serum values were measured by a newly developed enzyme-linked immunosorbent assay.
Results: PSP/reg levels were elevated in subjects with COPD exacerbation (23.8 ng/mL; 95% CI,
17.1-32.7) when compared with those with stable disease (19.1 ng/mL; 95% CI, 14.1-30.4; P = .03)
and healthy control subjects (14.0 ng/mL; 95% CI, 12.0-19.0; P <.01). Higher PSP/reg values were
observed in exacerbations with positive sputum bacteriology compared with those with negative
sputum bacteriology (26.1 ng/mL [95% CI, 19.2-38.1] vs 20.8 ng/mL [95% CI, 15.6-27.2]; P <.01).
Multivariate regression analysis revealed PSP/reg level as an independent predictor of positive
sputum bacteriology. A combination of a PSP/reg cutoff value of >33.9 ng/mL and presence of
discolored sputum had a specificity of 97% to identify patients with pathogenic bacteria on spu-
tum culture. In contrast, PSP/reg levels <18.4 ng/mL and nonpurulent sputum ruled out positive
bacterial sputum culture (sensitivity, 92%). In survival analysis, high PSP/reg levels at hospital
admission were associated with increased 2-year mortality.

Conclusions: Serum PSP/reg level might represent a promising new biomarker to identify bacte-
rial etiology of COPD exacerbation.

Trial registry: Current Controlled Trials Database; No.: ISRCTN-77261143; URL: http://www.
controlled-trials.com/isrctn CHEST 2013; 143(2):379-387

Abbreviations: AECOPD = acute exacerbation in COPD; CRP = C-reactive protein; GOLD = Global Initiative for
Chronic Obstructive Lung Disease; PCT = procalcitonin; PSP/reg = pancreatic stone protein

Severe exacerbations are the major cost drivers in
COPD and are frequently associated with impaired
health-related quality of life.’? Infection is usually
considered the main cause of acute exacerbation in
COPD (AECOPD) .34 The exact role of bacteria in
AECOPD and the usefulness of antibiotics in this set-
ting are unclear.>® Whereas patients with clinical signs
(eg, sputum purulence) of bacterial infection seem
to benefit from antibiotics, unselected prescription
of antibiotics is ineffective.!%12 Specific biomarkers
with predictive characteristics could assist in selecting
patients benefiting the most from antibiotic treatment.
Accordingly, procalcitonin (PCT) guidance offered a
sustained advantage over standard therapy in reducing
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antibiotic use in COPD.13 However, PCT was neither
associated with sputum purulence nor positive spu-
tum cultures.

Pancreatic stone protein/regenerating protein
(PSP/reg) is a 16-kDA polypeptide belonging to the
family of lectin-binding proteins.’> Several PSP/reg-
releasing stimuli have been reported, mainly in regard
to the pancreas.!6!” Current investigations suggest that
elevated PSP/reg levels might also be associated with
bacterial infection.’s PSP/reg levels were also consid-
ered to reflect organ failure and outcome in ventila-
tor-associated pneumonia.’® Preliminary data showed
that PSP/reg level might be superior to PCT guidance
in differentiating between local infection, sepsis, and

CHEST /143 /2 / FEBRUARY 2013 379

Downloaded From: http://journal.publications.chestnet.org/ by David Kinnison on 02/08/2013



absence of infection.?? We investigated whether cir-
culating PSP/reg levels are associated with bacterial
growth on sputum culture and outcome in AECOPD.

MATERIALS AND METHODS

Setting and Study Population

The trial was designed as an investigator-initiated and investigator-
driven, prospective, monocentric study. Data were analyzed from
200 patients included in a randomized trial and admitted from
November 2003 to March 2005 for AECOPD to the ED of the
University Hospital of Basel, Switzerland. A complete descrip-
tion has been reported elsewhere.® The trial was approved by the
Basel Ethics Committee (approval number 232/03) and was regis-
tered with the Current Controlled Trials Database (Procalcitonin-
Guided Antibiotic Therapy in Acute Exacerbations of Chronic
Obstructive Pulmonary Disease [COPD][AECOPD]: a Randomised
Trial-The ProCOLD Study; ISRCTN77261143). All participants
gave written informed consent.

In brief, the primary end point of the study was to evaluate
prescription and duration of antibiotic use in patients randomly
assigned to PCT guidance compared with usual care. To be eli-
gible for the study, AECOPD had to be diagnosed on the basis
of clinical history, physical examination, chest radiograph, and post-
bronchodilator spirometric criteria for COPD according to GOLD
(Global Initiative for Chronic Obstructive Lung Disease) guide-
lines within 48 hours after admission.2! At recovery (days 14-21),
diagnosis of COPD was reevaluated by lung function testing.
Patients were excluded from participation in cases of severe
immunosuppression, concomitant pulmonary diseases (eg, bron-
chial asthma, cystic fibrosis, bronchiectasis), or infiltrates present
on actual chest radiograph.

Baseline assessment comprised epidemiologic (eg, sex, age) and
clinical data, including medical history (ie, smoking history; duration
of COPD; previous AECOPD; prehospitalizations; concomi-
tant medication, including long-term oxygen therapy; and comor-
bidities). Characteristics of the actual exacerbation episode were
documented (ie, vital signs, respiratory symptoms, and routine
blood chemistry, including leukocyte counts and arterial blood
gas analysis). Blood samples for biomarker measurement were
obtained. Spontaneously expectorated sputum samples were
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collected and immediately transported to the laboratory. For
examination, standard techniques as described by the American
Society for Microbiology were used.?> Samples with < 10%mL
epithelial cells and > 25 polymorphonuclear cells per low-power
field on Gram-stain results were considered representative. Semi-
quantitative culture was performed of adequate samples. Positive
cultures were defined by presence of pathogenic microorganisms
in pure culture or pathogenic organisms in excess (= 1 log) to nor-

mal flora.

Qutcome Measurements

Levels of circulating inflammatory biomarkers (ie, PSP/reg,
PCT, and C-reactive protein [CRP]) were measured at admission,
before institution of medical therapy, and at recovery (days 14-21).
At follow-up (after 6 and 24 months) re-exacerbations, extent and
timing of health-care use were retrospectively assessed and, if
necessary, confirmed by medical records and family physicians.
Sputum specimens were used to assess correlations of PSP/reg level,
discolored sputum, and microbiologic analysis. Secondary end
points of the ProCOLD trial were duration of hospital stay, need
for ICU admission, in-hospital mortality, time to re-exacerbation,
and 2-year mortality.! For survival analysis, patients were classi-
fied as survivors or nonsurvivors at 2-year follow-up.

Determination of PSP/reg Serum Concentration

At admission and at recovery (days 14-21), whole blood was col-
lected from subjects into sterile tubes containing 143 Interna-
tional Units lithium heparin. Probes were allowed to clot at 4°C
for 15 min before being centrifuged at 1,500¢ for 20 min. The
serum was aliquoted and stored at —70°C until the assay was per-
formed. Serum concentrations of PSP/reg were measured using
50 pL serum by a new, not commercially available, sandwich
isoform-specific, enzyme-linked immunosorbent assay.20

The median physiologic value of serum PSP/reg in healthy con-
trol subjects was 10.4 ng/mL (interquartile range, 7.5-12.3 ng/mL).%
The lower detection limit (analytical sensitivity) of the assay
was < 0.1 ng/mL and the interplate variance was <10%.

Circulating levels of PSP/reg were also analyzed in a control
group consisting of 40 elderly, healthy blood donors (mean [SD]
age, 59.2 years [ + 7 years]; 55% men) and in 133 patients with
stable COPD from clinical routine (mean age [SD], 64.9 years
[ +12.3 years]; 74% men; mean [SD]| FEV,,, predicted, 47% [ + 17%]).

Statistical Analysis

Discrete variables are expressed as counts (percentages) and
continuous variables as mean (SD) or medians (interquartile range).
PSP/reg, CRP, and PCT values were carried out on log,-transformed
data to reach normal distribution for parametric analysis. Com-
parisons of PSP/reg level with clinical variables (eg, GOLD class,
Anthonisen criteria, sputum bacteriology) were analyzed by
Kruskal-Wallis analysis of variance test, Wilcoxon matched-pair test,
or Mann-Whitney U test. Correlations of PSP/reg level and clin-
ical variables were calculated using the Spearman correlation.
Logistic regression analysis was performed to identity predictor
variables for positive sputum cultures. Diagnostic performances
of PSP/reg level and sputum color to predict sputum bacteriology
were evaluated by receiver operating characteristic analysis. Stan-
dard definitions for sensitivity, specificity, and positive and nega-
tive predictive values were used. Cutoff points were selected by
meaningful differences representing the first and third quartile
of PSP/reg levels (18.4 ng/mL and 33.9 ng/mL, respectively).
Cumulative risk of death was analyzed by Kaplan-Meier survival
curves and compared by the log-rank test. All tests were two tailed;
P <.05 was defined as significant; data were analyzed using the
Statistical Package for Social Sciences, version 19 (IBM).
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REsULTS
Study Population

Baseline characteristics are illustrated in Table 1
for the whole study population (N =200) and the sub-
group, with available sputum specimens (n = 103) as
a function of positive (potentially pathogenic flora)
(n=65) or negative (mouth flora negative for poten-
tially pathogenic flora) (n =43) culture results. More
severe airway obstruction, as suggested by GOLD
guidelines,? was diagnosed in 133 patients (67%).
At least one episode of AECOPD within the previ-
ous year was reported by 154 patients (77%). Fifty-one
percent of all cases (n = 102) required hospitaliza-
tion. Fifty percent of patients fulfilled the criteria of
type 1 exacerbation, according to the Anthonisen cri-
teria.’ Ninety-two patients (46%) reported prolonged
symptoms of AECOPD (=4 days) at admission; in
108 patients (64%), symptoms were present for =4 days.
PSP/reg levels were similar in both groups (20.9 ng/mL
[95% CI, 20.5-25.2] vs 23.6 ng/mL [95% CI, 22.4-29.0],
P =.203).

A total of 43 patients (21.5%) were receiving anti-
biotics at hospital admission. The mean (SD) duration
of previous antibiotic treatment in these cases was
1 day (* 2.8). Sixty-six patients (34%) received oral
corticosteroids before hospitalization. PSP/reg levels
were similar in patients with and without antibiotics
(P = .105) and oral corticosteroids (P = .154) at hos-
pital admission.

Overall, the mean (SD) length of hospital stay was
11 days (£ 21). Admission to the ICU was required
for 19 patients (9.5%) and in-hospital mortality was
2% (four patients). At least one re-exacerbation
occurred in 85 (42%) of discharged patients. Of these,
38 (45%) required rehospitalization. Twenty-two per-
cent of patients (n =44) died within 2 years after
admission.

A second determination of PSP/reg level was not
possible in 13.5% of the cases. PSP/reg levels at ini-
tial admission were similar in cases with and without
a second determination (P = .60).

PSP/reg in Acute Exacerbation, Stable COPD,
and at Short-term Follow-up

PSP/reg levels were elevated in AECOPD
(23.8 ng/mL; 95% CI, 17.1-32.7) compared with stable
COPD (19.1 ng/mL; 95% CI, 14.1-30.4; P = .03]) and
healthy control subjects (14.0 ng/mL; 95% CI, 12.0-19.0;
P <.01). PSP/reg level showed weak correlation with
Charlson age- and condition-related score (r=0.30,
P<.01), CRP (r=0.15, P=.04), and PCT (r=0.34,
P <.01). PSP/reg levels were subtly different over cate-
gories of Anthonisen classification’ (type 1, 22.1 ng/mL
[95% CI, 17.2-32.94]; type 2, 25.0 ng/mL [95% CI,
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18.2-29.7]; type 3, 25.7 ng/mL [95% CI, 18.8-36.8];
P=.52).

Independently of antibiotic (P =.31) or steroid treat-
ment (P =.26), PSP/reg levels remained stable over
time (at admission, 24.3 ng/mL [95% CI, 18.4-34.5]
vs on recovery, 23.2 ng/mL; [95% CI, 17.9-34.6]; P= 43)
in the whole study population (n = 200). In contrast,
decreasing PSP/reg levels were observed in culture-
positive AECOPD following antibiotic treatment
(at admission, 30.3 ng/mL [95% CI, 19.5- 41.9] vs on
recovery, 22.1 ng/mL [95% CI, 18.3-36.3]; P = .04).
No decrease in PSP/reg levels was noted in patients
receiving antibiotic treatment in culture-negative
AECOPD (at admission, 23.1 ng/mL [95% CI, 17.6-29.8]
vs recovery, 23.9 ng/mL [95% CI, 19.1-35.6]; P =.10).

PSP/reg and Clinical Outcome

PSP/reg levels correlated weakly with length of hos-
pital stay (PSP/reg <18.4 ng/mL at 6.9 days [SD * 7.6]
vs 11.3 days [SD = 7.4] for PSP/reg >33.9 ng/mL,
r=0.23, P<.01). PSP/reg levels were not associated
with the need for ICU admission (P =.24), in-hospital
mortality (P =.90), re-exacerbation (P = 45), or rehos-
pitalization after discharge (P =.65). Pneumonia
developed in 12 patients (6%) during the first 10 days
following hospital admission. Microbiologic sputum anal-
yses revealed two positive culture samples each for
Haemophilus influenzae and Streptococcus pneumoniae.
Interestingly, the development of pneumonia during the
further course of AECOPD was retrospectively associ-
ated with significantly higher PSP/reg levels at admis-
sion (29.8 ng/mL [95% CI, 27.8-46.5] vs 23.8 ng/mL
[95% CI, 17.1-32.7], P< .01).

PSP/reg level, age, Charlson age- and condition-
related score, GOLD stage, Pco,, and PCT guidance
were associated with 2-year mortality on logistic
regression analysis (Table 2). Kaplan-Meier analysis
of the cumulative risk of death revealed increasing
2-year mortality for patients with low (<25th percen-
tile =18.4 ng/mL), intermediate (25-75th percen-
tile =18.4-33.9 ng/mL), and high PSP/reg levels
(> 75th percentile =33.9 ng/mL) (P <.01) (Fig 1).

Sputum Bacteriology, Discolored Sputum,
and PSP/reg

Sputum samples were obtained from 113 of
200 patients (56%). Sputum of five patients (7%)
was of poor quality and therefore excluded from the
analysis. Positive sputum cultures were found in
65 patients (56%). Microbiologic findings are pre-
sented in Table 3. Coinfection with more than one bac-
terial pathogen was diagnosed in seven patients (11%).
Baseline characteristics depending on culture results
showed similar clinical presentation, including the
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Table 1—Baseline Characteristics of Overall Study Population (N =200) and 103 Patients With Positive or Negative
Sputum Bacteriology Admitted to Hospital for AECOPD

Positive Sputum Negative Sputum

Characteristics All (N =200) Culture (n =65) Culture (n=43) P Value
Epidemologic

Age (range), y 70 (42-91) 70 (51-91) 69 (42-84) 95

Male sex, % 114 (57) 47 (72) 20 (46) .03

\Veight, kg 67.1 (*15) 67.9 (+13) 71.3 (£16) .39
Medical history

Smoking, pack-y 45 (*£28) 48 (£23) 42 (*+24) .50

Duration of COPD, mo 126 (£83) 125 (£77) 118 (£83) .56

Duration AECOPD, d 6.9 (=10) 8.5 (*£15) 4.6 (*+45) .09

AECOPD in previous years, % 154 (77) 49 (75) 35 (71) 13

Hospitalization for AECOPD in previous year, % 102 (51) 32 (49) 25 (48) 52
Type of AECOPD: Anthonisen criteria, %

1: Increased dyspnea, sputum purulence, sputum volume 100 (50) 40 (61) 25 (58) .06

2: Two of the above 44 (22) 11 (18) 11 (26) 88

3: One of the above and more than one minor finding? 56 (28) 14 (21) 7 (16) 13
GOLD stage and severity of COPD,> %

I (FEV, >80% predicted) 25 (12) 7(11) 3(7) 21

I (50% predicted > FEV, % <80% predicted) 42 (21) 12 (18) 11 (25) .84

IIT (30% predicted >FEV, % <50% predicted) 83 (42) 29 (45) 15 (35) .03

IV (FEV, % predicted <30% predicted) 50 (25) 17 (26) 14 (33) .59
Lung function

FEV,, predicted 40 (*+18.3) 43 (*+18) 42 (+19) .78

FEV,, L 1.07 (£0.5) 1.09 (+£0.5) 1.04 (+£0.5) .76
Blood gas analysis

O, saturation, % 90 (+10) 91 (+9) 92 (+5) 32

Pao,, mm Hg 63.5 (+16) 62.9 (+9) 63.9 (+14) .86

Paco,, mm Hg 43 (*11) 42 (+8.6) 43 (+8.6) 43
Comorbidity (Charlson score)

Weighted index 3.3 (*2.5) 2.7(*1.9) 2.9 (+2.4) .76

Condition- and age related score 6.0 (£2.7) 5.3(*2.2) 5.4 (*2.9) 92
Comorbidity, %

Arterial hypertension 47 (24) 13 (20) 7 (16) .63

Diabetes mellitus 23 (11) 7 (11) 7 (16) 40

Ischemic heart disease 85 (42) 29 (45) 17 (40) 61

Chronic renal failure 16 (8) 7(11) 4(9) 81

Malignancy 26 (13) 5(8) 3(8) .89
Vital signs

Respiratory rate, breaths/min 24 (+6) 25 (x7) 22 (£5) 18

Body temperature, °C 37.6 (£0.9) 37.5(+0.9) 37.5(+0.9) .84
Respiratory symptoms, %

Cough increased 173 (87) 60 (92) 39 (91) 77

Sputum increased 139 (70) 51 (78) 34 (79) 94

Discolored sputum 116 (58) 44 (68) 30 (70) 82

Dyspnea increased 187 (93) 57 (88) 41 (95) 18

Fever 83 (41) 29 (45) 18 (42) .78
Treatment previous to hospital admission, %

Antibiotic agent 43 (22) 13 (20) 11 (26) 49

Oral steroids 66 (33) 26 (40) 9 (21) 85

Inhaled steroids 144 (72) 47 (72) 38 (88) .80

Long-acting 3, agonists 170 (85) 55 (85) 39 (91) 58

Long-acting anticholinergics 100 (50) 38 (59) 26 (60) 97

Xanthine 22 (11) 4(6) 2(5) 21

Long-term oxygen therapy 29 (15) 10 (15) 9(21) .90
In-hospital treatment, %

Antibiotic agent 117 (56) 44 (68) 24 (56) 21

Oral steroids 182 (87) 56 (86) 35 (81) 51
Chemistry

Leukocyte counts, X 109L 11.1 (+4.8) 11.7 (x4.7) 12.8 (x12.1) 46

(Continued)

382 Original Research

Downloaded From: http://journal.publications.chestnet.org/ by David Kinnison on 02/08/2013



Table 1—Continued

Positive Sputum Negative Sputum

Characteristics All (N =200) Culture (n =65) Culture (n=43) P Value
CRP, mg/dL 35.1 (*+46.4) 45.7 (+52.6) 46.4 (+63.2) 37
PCT, ng/dL 0.26 (+0.8) 0.29 (+0.6) 0.14 (+0.12) 27

Values are absolute numbers (%) or mean (SD) unless otherwise indicated. AECOPD = acute exacerbation of COPD; CRP = C-reactive protein;
GOLD = Global Initiative for Chronic Obstructive Lung Disease; O, = oxygen; PCT = procalcitonin.
sMinor findings: fever (>38°C without any other cause), increased wheezing, increased cough, or increased respiratory rate compared with stable

baseline condition.

bClassification of severity of COPD based on lung function tests performed at recovery (days 14-21 after admission),

frequency of discolored sputum (68% vs 70%, P = .82)
and antibiotic prescriptions (68% vs 56%, P = .21)
(Table 1).

Although PSP/reg levels showed some overlap
between patients with positive and negative sputum
cultures, positive sputum cultures were associated
with higher PSP/reg levels (26.1 ng/mL; 95% CI,
19.2-38.1) compared with negative cultures in AECOPD
(20.8 ng/mL; 95% CI, 15.6-27.2; P <.01) and control
subjects with stable COPD (19.1 ng/mL; 95% CI,
14.1-30.4; P <.01) (Fig 2). PSP/reg levels were sim-
ilar in culture-negative AECOPD and stable COPD
(20.8 ng/mL; 95% CI, 15.6-27.2; P = .83). On a mul-
tivariate analysis, PSP/reg remained the only inde-
pendent predictor of positive sputum bacteriology
in AECOPD (OR, 6.59; 95% CI, 1.6-26.6; P < .01)
(Table 4). Together with the FEV, % predicted,
PSP/reg level remained an independent predictor
of positive sputum bacteriology if the subgroups of
patients who had not taken antibiotics and those
receiving antibiotics at hospital admission were ana-
lyzed separately. The diagnostic performance of spu-
tum color, PSP/reg level, and the combination of
both to predict positive sputum cultures is depicted in
Table 5. PSP/reg level showed a modest improvement

Table 2—Logistic Regression Analysis to Predict
Mortality Within 2 Years After Hospitalization
for AECOPD

Logistic Regression Analysis

\ 1
P Value

Variable OR 95% CI

Age 1.05 1.01-1.09 .02
Weight 0.98 0.95-1.01 14
Charlson score 1.47 1.24-1.74 <.01
GOLD stage 1.56 1.06-2.30 .03
FEV, predicted 0.96 0.97-1.02 .69
Sao, % 0.97 0.94-1.01 18
Po, 0.98 0.96-1.01 24
Pco, 1.06 1.03-1.11 <.01
PCT 1.50 1.08-2.7 .01
PSP/reg 2.77 2.77-5.41 <.01
CRP 1.07 0.86-1.34 .56

Charlson score = age- and condition-related score; PSP/reg = pancreatic
stone protein/regenerating protein; Sao, = peripheral oxygen saturation.
See Table 1 legend for expansion of other abbreviations.
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in diagnostic performance (area under the curve, 0.65)
compared with discolored sputum (area under the
curve, 0.49). However, the combination of both per-
formed significantly better than each single marker.
PSP/reg >18.4 ng/mL and presence of discolored
sputum presented a sensitivity of 92% to predict posi-
tive sputum bacteriology. In other words, the absence
of both conditions widely ruled out positive sputum
cultures. The presence of both PSP/reg >33.9 ng/mL
and discolored sputum predicted a positive bacterial
sputum with 97% specificity.

Di1scuUssION

The present study is the first analyzing PSP/reg levels
in COPD, to our knowledge. We revealed some
interesting new findings. First, patients with posi-
tive sputum cultures presented significantly higher
PSP/reg levels than those with negative sputum cul-
tures at exacerbation and those with stable disease.
This indicates that PSP/reg level might specifically
reflect bacterial airway infection at exacerbation in
contrast to chronic colonization in COPD. Second,
the combination of both discolored sputum and
PSP/reg >18.4 ng/mL reliably allowed the identi-
fication of patients with positive sputum cultures,
potentially offering guidance for antibiotic therapy
at exacerbation. Third, PSP/reg level remained predic-
tive of positive sputum cultures at exacerbation inde-
pendently of the clinical characteristics, suggesting
an additional value of this biomarker besides spu-
tum color and clinical assessment. Fourth, elevated
PSP/reg level was associated with increased 2-year
mortality, strengthening the link between the ben-
efit of antibiotic use at exacerbation and long-term
survival.

PSP/reg has been proposed to act as an acute-phase
protein. PSP/reg is considered to be regulated by
IL-6, tumor necrosis factor-a, and other cytokines
released during inflammation and infection.?> Although
still underinvestigated, a role in bacterial infection is
further supported by certain functional properties of
PSP/reg. It was shown that PSP/reg itself, as well as
the cleaved form, aggregate bacteria.?* Moreover, in
neutrophil granulocytes, PSP/reg induced a shedding
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FIGURE 1. Kaplan-Meier analysis of cumulative risk of death
according to PSP/reg quartiles at AECOPD. AECOPD = acute
exacerbation in COPD; PSP/reg = pancreatic stone protein/regen-
erating protein.

of L-selectin and a downregulation of B,-integrin, indi-
cating neutrophil activation.?0 PSP/reg in periph-
eral blood might point toward a specific regulatory
response leading to induction and activation of neutro-
phils and polymorphonuclear cells.? Thus, PSP/reg
is a potential infection marker. In the current study,
circulating PSP/reg levels allowed us to differentiate
between patients with exacerbation and stable dis-
ease. More importantly, levels were significantly higher
in subjects presenting with an acute exacerbation and
positive sputum cultures compared with those with
an acute exacerbation and negative sputum cultures.
Interestingly, PSP/reg levels significantly decreased in
patients with positive sputum cultures who received
antibiotics at exacerbation. Therefore, it is tempting

to hypothesize that higher levels of this biomarker at
exacerbation indicates invasive or clinically relevant
bacterial infection compared with either no bacte-
ria or chronic bacterial colonization, which can be
observed in =50% of patients with advanced, stable
COPD.%»

Sputum purulence is commonly assumed to be the
clinical gold standard to identify bacterial exacer-
bation of COPD.526 Remarkably, the association of
sputum color with microbiologic analysis has been
neither invariably replicated nor has it failed to pre-
dict bacteria on Gram stain or culture.?” In addi-
tion, microbiologic examination of sputum specimens
require several days to reveal bacterial growth and is
only requested in about 10% of AECOPD.2% Never-
theless, discolored sputum has been shown to be
associated with heightened local and systemic airway
inflammation.?3! In our analysis, discolored sputum
performed poorly as a predictor of pathogenic bac-
terial growth in sputum (area under the curve, 0.49).
However, the combination of discolored sputum
and PSP/reg level at different cutoffs was capable
of either widely ruling out (sensitivity, 92%) or con-
firming (specificity, 97%) positive bacterial sputum
cultures. Considering that antibiotic treatment of
viral infections or other noninfectious conditions
increases the risk of drug toxicity and bacterial resis-
tance,* the potential of the combination of discolored
sputum and PSP/reg level to identify patients requir-
ing antibiotic treatment of bacterial exacerbation
might support an PSP/reg-guided approach for anti-
biotics at exacerbation. This issue should be evalu-
ated in a properly designed, randomized, controlled
trial.

The use of biomarkers to estimate the presence
of bacterial infection and the response to antibiotic
therapy is a relatively new approach to characterize
differences in AECOPD and stable COPD.1 PCT and
CRP are the best studied biomarkers for this pur-
pose.'? Circulating PCT levels are higher in bacterial

Table 3—Microbiologic Results of Positive Sputum Cultures at AECOPD (n =65)

Gram-Negative Bacteria No. (%) Gram-Positive Bacteria No. (%)
Enterobacteriaceae species 21 (29) Streptococcus pneumoniae 11 (15)
Haemophilus species® 10 (14) Staphylococcus aureuse 5(7)
Pseudomonas species 8 (11) MRSA 2(2)
Moraxella catarrhalise 4(6)

Stenotrophomonas maltophilia? 4(6)

Proteus species 4(6)

Klebsiella species 3(4)

MRSA = methicillin-resistant Staphylococcus aureus. See Table 1 legend for expansion of other abbreviations.
“Two cases with coinfection of enterobacteriaceae species and Pseudomonas aeruginosa

"Two cases with coinfection of Haemophilus species and S pneumoniae
One case with coinfection of M catarrhalis and S pneumoniae

d0ne case with coinfection of S maltophilia and Klebsiella species.
One case with coinfection of S aureus and enterobacteriaceae species.
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FIGURE 2. Median PSP/reg serum levels differed significantly in patients presentin E with culture-positive

compared with culture-negative AECOPD (P <.01), stable COPD (P <.01), an

healthy control sub-

jects (P <.01). See Figure 1 legend for expansion of abbreviations.

infection than in viral or other inflammatory conditions.®
PCT is assumed to be highly specific for invasive bac-
terial infections like pneumonia and sepsis, which are
not present in most patients with COPD.333* Accord-
ing to recent investigations, there is no correlation
between PCT and sputum cultures in AECOPD. 314
CRP has been invariably associated with discolored spu-
tum.®% Studies providing microbiologic analysis have
not reached common conclusions because increased
CRP levels in bacterial AECOPD have been described
inconsistently.'*373 However, CRP was considered
to discriminate between positive and negative spu-
tum cultures, leading to the conclusion that bacte-
rial infection in AECOPD might be more accurately
reflected by CRP than PCT 357 Our results revealed
no correlation of CRP and positive bacterial sputum
cultures. Although we can only speculate about the rea-

sons, previous data suggest that CRP values are prob-
ably associated with =50% interindividual variations
caused by inherited characteristics and other con-
founders like steroid pretreatment, which may blunt
CRP response by 50% to 63%.44

On multivariate analysis, PSP/reg level was an inde-
pendent predictor of bacterial growth on sputum cul-
tures. Thereby, PSP/reg level did not correlate with
Anthonisen type 1 exacerbations, which were associ-
ated with greater likelihood of more severe exacer-
bations of bacterial origin.> Accordingly, recent studies
failed to demonstrate a link between exacerbation
severity and risk stratification based on Anthonisen
criteria.2”

In line with previous results, Charlson score, GOLD
stage, hypercapnia, and PCT level were shown to
have prognostic implications in our cohort of elderly

Table 4—Logistic Regression Analysis to Predict Positive Sputum Bacteriology in AECOPD

Univariate Analysis

Multivariate Analysis

1 1
P Value OR P Value

Variable OR 95% C1 95% CI

Charlson score 0.99 0.83-1.17 .86 0.84 0.68-1.03 .66
FEV, % predicted 1.03 1.01-1.05 <.01 1.03 0.99-1.05 11
CRP 1.23 0.89-1.67 28 1.15 0.94-1.34 .34
PCT 1.3 0.84-2.0 32 1.03 0.99-1.05 42
PSP/reg 3.57 1.35-9.44 <.01 6.59 1.64-26.6 <.01

See Table 1 and 2 legends for expansion of abbreviations.
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Table 5—Diagnostic Performance of PSP/reg to Predict
Sputum Bacteriology in AECOPD

Characteristics Sensitivity  Specificity PPV~ NPV

Discolored sputum 67 30 59 38

PSP/reg >18.4 ng/ml 79 37 65 55

PSP/reg >33.9 ng/ml 33 93 87 49

Discolored sputum or 79 26 61 46
PSP/reg >33.9 ng/mL

Discolored sputum and 92 10 60 44
PSP/reg > 18.4 ng/mL

Discolored sputum and 22 97 93 35

PSP/reg >33.9 ng/mL

Data given as %. NPV = negative predictive value; PPV = positive
predictive value. See Table 1 and 2 legends for expansion of other
abbreviations.

patients with advanced COPD and frequent prehospi-
talizations.#246 Patients with highest PSP/reg levels
had a higher risk for death following hospital admission,
supporting the notion that clinically relevant bacte-
rial infection in AECOPD might result in greater ill-
ness and worse outcome. This observation is also in
agreement with recent data of observational studies
indicating that antibiotic therapy at exacerbation
may improve long-term survival in COPD.!047 Besides
its potential role in bacterial infection, pancreatic
up-regulation of PSP/reg might occur due to several
stimuli. Of note, we previously showed a fairly good
correlation of PSP/reg with sequential organ-failure
assessment scores at onset of ventilator-associated
pneumonia. Sequential organ failure assessment is
a frequently used measure in the ICU. Consequently,
we believe that deterioration of distinct cells and
organs cause PSP/reg elevations. This might explain
why PSP/reg level is increased in patients with poor
prognosis.

This study has a few limitations. In absence of a gold
standard characterizing bacterial etiology of AECOPD,
it remains, at best, difficult to demonstrate the diag-
nostic value of any parameter. Furthermore, due to
its observational character, this study should be con-
sidered hypothesis generating. The potential role of
PSP/reg level in an antibiotic-guided approach at
exacerbation should be examined in a randomized,
controlled trial. PSP/reg might represent a promising
new biomarker to identify bacterial etiology of COPD
exacerbation.
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