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     Among the infl ammatory processes triggering 
COPD exacerbations, respiratory tract viral infec-

tions are prime suspects. Although fi rst localized in 
the upper-respiratory tract (URT), these infections 
could trigger a cascade of infl ammatory events  1,2   that 
lead to clinically signifi cant exacerbations. Current 
guidelines recommend the administration of antibi-
otics based mainly on clinical criteria,  1   leading inevi-
tably to an overuse of antibiotics, which is estimated 
to occur in approximately 55% of all acute exacerba-
tions of COPD (AECOPD).  3   

 The participation of viral infections in AECOPD 
has been confi rmed in many studies.  4-7   The most recent 

reports using polymerase chain reaction (PCR)-based 
methods led to a positive detection of viral nucleic 
acids in 30% to 60% of AECOPD cases.  5,8-12   How-
ever, the role of recently identifi ed viruses, such as 
coronavirus NL63 and HKU1 and human bocavirus 
as well as the new human rhinoviruses C, which are 
reported as the most frequent ones circulating in the 
community,  13,14   has not yet been fully established. 

 Biomarkers such as procalcitonin (PCT), when ele-
vated, have been proposed as surrogate markers of 
bacterial disease and, when within normal values, 
often are considered in clinical practice as the signa-
ture of a viral infection. Although PCT has been studied 

  Background:    Respiratory viruses frequently are recovered in the upper-respiratory tract during 
acute exacerbations of COPD (AECOPD), but their role as contributing pathogens remains 
unclear. The usefulness of procalcitonin and C-reactive protein as indicators of the presence or 
absence of viral infection in this setting also needs to be evaluated. 
  Methods:    The study was of a prospective cohort of patients with COPD admitted to the ED for 
AECOPD. Reverse transcriptase-polymerase chain reaction (RT-PCR) for 14 respiratory viruses 
was performed on nasopharyngeal swabs collected at admission and after recovery in stable 
condition. 
  Results:    Eighty-six patients (mean age, 72 years; male, 64%) were included. During AECOPD, 
upper-respiratory viral infections were detected in 44 (51%) patients: picornavirus in 22, meta-
pneumovirus in seven, coronavirus in eight, infl uenza A/B in two, parainfl uenza in two, and 
respiratory syncytial virus in three. A dual infection was present in three patients. After recovery, 
viruses were detected in only eight (11%) of 71 patients ( P   ,  .001 compared with AECOPD phase). 
In fi ve of these patients, no virus had been identifi ed during the initial exacerbation, thus sug-
gesting a new viral infection acquired during follow-up. During AECOPD, procalcitonin and 
C-reactive protein levels did not differ signifi cantly between patients with or without a proven 
viral infection. 
  Conclusions:    Prevalence of upper-respiratory viral infection, as detected from nasopharyngeal 
swab by RT-PCR, is high in AECOPD and low after clinical recovery, suggesting that AECOPD 
frequently are triggered by viral infections initiated in the upper-respiratory tract. In our study, 
serum procalcitonin and C-reactive protein did not discriminate virus-associated exacerbations 
from others. 
  Trial registration:    clinicaltrials.gov; Identifi er:   NCT00448604.   CHEST 2010; 138(4):896–904  

  Abbreviations:  AECOPD  5  acute exacerbations of COPD; CRP  5  C-reactive protein; OR  5  odds ratio; PCR  5  polymerase 
chain reaction; PCT  5  procalcitonin; PEF  5  peak expiratory fl ow; RSV  5  respiratory syncytial virus; RT-PCR  5  reverse 
transcriptase-polymerase chain reaction; URT  5  upper-respiratory tract 
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per high power fi eld and  ,  25 squamous epithelial cells per low 
power fi eld to avoid contamination by oral fl ora. For the present 
study, we report only qualitative results. The study protocol was 
approved by the institutional research ethics committee, and written 
informed consent was obtained from all participants. 

 During hospitalization, patients were monitored daily by using 
a diary card to record respiratory symptoms and dyspnea severity 
according to the Medical Research Council dyspnea scale.  18   PEF 
and oxygen saturation by pulse oximetry were measured daily 
under the supervision of a study nurse. Health-related quality of 
life was assessed using the St George Respiratory Questionnaire 
and the Maugeri Foundation Respiratory Failure Questionnaire. 
Treatment (antibiotics and oral glucocorticosteroids) was left to 
the discretion of the attending physician who was blinded to 
results of viral screening. 

 At a predetermined follow-up visit scheduled 4 months 
(mean  6  SD, 123  6  44 days) after the initial exacerbation, patients 
underwent a second assessment with virological testing, PEF mea-
surement, and completion of the health-related quality-of-life ques-
tionnaires. Bacteriologic analyses were not repeated mainly because 
the large majority of patients was unable to produce sputum. 

 Virologic Samples 

 Nasopharyngeal swabs (pooled nasopharyngeal and pharyngeal 
swabs performed according to a standard operating procedure by 
the same study nurse) were obtained at admission (within 24 h) 
and at follow-up visit. Qualitative reverse transcriptase-PCR 
(RT-PCR) assays were performed on 200  m L of each specimen for 
the following 14 different respiratory viruses: infl uenza A and B; 
respiratory syncytial virus (RSV); parainfl uenza 1, 2, and 3; human 
picornaviruses (human rhinovirus and enterovirus); human metap-
neumovirus; coronaviruses OC43, 229E, NL63, and HKU1; and 
bocavirus. All assays were conducted as previously described.  19-21   
Parainfl uenza 1 and 3 were detected using a recently described 
assay.  22   The picornavirus PCR assay was designed to detect all 
human enteroviruses and rhinoviruses, including human rhinovi-
rus C.  23   We did not discriminate rhinoviruses from enteroviruses. 

 Defi nitions 

 Rhinopharyngitis symptoms refers to the presence of nasal 
congestion, increased rhinorrhea, or sore throat. COPD severity 
was quantifi ed according to the Global Initiative for Obstructive 
Pulmonary Disease guidelines  1   based on recent spirometric test-
ing ( ,  1 year). Using the diary card, time to recovery was calcu-
lated as the interval between enrollment in the study and the time 
when the patient considered having returned to his or her base-
line clinical condition. 

 Statistical Analysis 

 Comparison between groups was performed using unpaired 
 t  tests, Mann-Whitney tests,  x  2  tests, or Fisher exact tests when 
appropriate. Logistic regressions were performed to analyze the 
relationship between independent variables and the presence of 
viral nucleic acids, with adjustment for signifi cant potential con-
founders. A Cox regression model was performed to predict mor-
tality according to the presence of viruses. The results are 
presented as odds ratios (ORs) or hazard ratios with 95% CIs. All 
statistical analyses were performed using SPSS, version 15.0 for 
Windows, statistical software (SPSS, Inc; Chicago, IL). 

 Results 

 From June 2007 to December 2008, 304 patients 
were screened at admission to our ED, and 86 were 

for its potential to predict response to antibiotic therapy 
in respiratory tract infections,  15-17   it has never been 
systematically correlated to virological investigations 
to assess its ability to discriminate between the bacterial 
and viral etiology of an exacerbation. 

 We aimed to describe the role of viruses, including 
the recently identifi ed strains that, to our knowledge, 
have never been studied in this setting, as pathogens 
in COPD by documenting their presence during the 
acute phase of an exacerbation and their disappearance 
after recovery during a clinically stable phase in the 
same patients. We also aimed to explore the potential 
of biologic markers (C-reactive protein [CRP] and 
PCT) to distinguish between viral and nonviral infec-
tion in AECOPD. 

 Materials and Methods 

 Patients and Procedures 

 From June 2007 to December 2008, we prospectively recruited 
86 adult patients admitted to our emergency department and hos-
pitalized for severe AECOPD according to the Global Initiative 
for Chronic Obstructive Pulmonary Disease defi nition.  1   Patients 
were identifi ed by a review of admission codes for dyspnea and 
history of COPD. Exclusion criteria for this study were the pres-
ence of chronic lung diseases other than COPD (asthma, bron-
chiectasis, pulmonary fi brosis, pneumoconiosis), acute pulmonary 
embolism, acute pneumonia (based on chest radiographs), acute 
pulmonary edema, and orotracheal intubation requirement. 

 Peak expiratory fl ow (PEF) values; number of exacerbations 
during the previous year (as reported by family physicians, who 
were personally contacted), use of glucocorticosteroids and anti-
biotics, vaccination history, recent spirometric values ( ,  1 year), 
and presence of other comorbidities preceding hospitalization 
were recorded at study inclusion. Serum PCT (Kryptor PCT; 
Brahms Diagnostica Gmbh; Henningsdorf, Germany), CRP, 
blood cell count, blood gas analysis, sputum bacterial analysis, and 
blood chemistry were obtained at admission. If available, results 
of sputum bacterial culture, which were semiquantitative assays, 
were considered signifi cant only in the presence of  .  10 neutrophils 
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with a documented bacterial infection or colonization 
were coinfected with a virus. Of note, 49 (57%) patients 
were already receiving antibiotics. 

 Both virus-positive and virus-negative groups 
were comparable regarding baseline characteristics, 
except that patients with viral infection reported 
less frequent COPD exacerbations during the previ-
ous year and a shorter duration of symptoms before 
admission ( Table 1 ). Symptoms of rhinopharyngitis 
were reported in 45% (n  5  19) of cases with nega-
tive viral assays and in 73% (n  5  32) of cases when a 
viral infection was documented. Probability of iden-
tifying a virus during AECOPD was three times 
higher in the presence of symptoms of rhinopharyn-
gitis ( Table 2 ).  We found no statistically signifi cant 
difference between patients with and without virus-
associated AECOPD in terms of time to clinical 
recovery, length of hospital stay, or 4-month mortality 
( Table 1 ). Patients with respiratory viral infection 
were put on antibiotics more often and for longer 
periods ( Table 1 ). 

 During the 4-month follow-up period, 15 patients 
died (n  5  6 in the virus-positive group; n  5  9 in the 
virus-negative group). In a Cox regression model, a 
trend toward higher mortality was found for patients 
with viral infection (hazard ratio, 3.33; 95% CI, 
0.98-11.11), but this association disappeared when 
FEV 1  or age were added in the model. 

 CRP and PCT values were obtained in 86 (100%) 
and 81 (94%) patients, respectively. Of the fi ve 
cases without PCT values, two were in the virus-
positive group and three in the virus-negative group. 
For all patients, median serum CRP level during 
AECOPD was 35 mg/L (range, 1-313 mg/L), and 

enrolled in the study ( Fig 1 ).  Seventy-one patients 
completed the 4-month follow-up, and repeated 
viral samples were available for all. Baseline clinical 
conditions and outcomes according to the presence 
or absence of viruses are shown in  Table 1 .  

 RT-PCR and PCR viral assays performed on the 
initial 86 nasopharyngeal specimens showed an 
overall positivity rate of 51% (n  5  44). At follow-up 
visit 4 months after the index AECOPD, viruses 
were identifi ed in only eight of 71 (11%) patients 
( P   ,  .001). In fi ve of these eight patients, no virus 
had been identifi ed during the index exacerbation, 
thus suggesting a new viral infection acquired dur-
ing the follow-up period. Human picornaviruses 
were the most frequently encountered viruses, fol-
lowed by metapneumovirus and coronaviruses ( Fig 2 ).  
Results suggestive of dual viral infection were found 
in three patients. Seasonal variations in distribution 
of implicated viruses and the seasonal variability 
of sampling are depicted in  Figures 3  and  4 , 
respectively.  The bulk of sampling at enrollment 
was performed during autumn, and therefore, the 
follow-up occurred frequently during the winter 
months. 

 Bacteriologic analyses of sputum samples were 
available in 61 cases (29% were unable to produce 
sputum), and 39 of 61 (64%) met microscopic crite-
ria for bacteriological validity. Of these 39 cases, 
20 (51%) had a positive culture for the following bacte-
ria:  Pseudomonas aeruginosa  (n  5  7),  Haemophilus 
infl uenzae  (n  5  7),  Escherichia coli  (n  5  2),  Moraxella 
catarrhalis  (n  5  1),  Streptococcus pneumoniae  (n  5  1), 
 Staphylococcus aureus  (n  5  1), and  Klebsiella 
pneumoniae  (n  5  1). Only seven of the 20 (8%) cases 

  Figure  1. Flowchart of patients included in the study. “Follow-up impossible” refers to patients trans-
ferred to another hospital.   
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 Discussion 

 Using a large panel of molecular assays, we identi-
fi ed respiratory viruses in the URT of 51% of patients 
with AECOPD. When sampling was repeated after 
clinical recovery in the same patients, virus detection 
rate dropped to 11%. The high rate of viral infection 
detected in nasopharyngeal swabs during AECOPD 
is in the upper range of that reported in the published 
literature.  5,8-12   The fi nding that viral infection rate is 
markedly lower once patients have recovered clini-
cally supports the hypothesis of a pathogenic role of 
the viruses initially identifi ed in AECOPD. One par-
ticular interest of our study resides in the fact that 

median PCT was 0.08  m g/L (range, 0.01-17.0  m g/L). 
In the presence of a documented bacterial infection, 
irrespective of detection of viruses in URT, CRP and 
PCT median values were 33 mg/L (range, 1-313 mg/L) 
and 0.06  m g/L (range, 0.03-0.55  m g/L), respectively. 
In the presence of viruses during AECOPD, median 
values for serum CRP and PCT were 45 mg/L (range, 
1-283 mg/L) and 0.08  m g/L (range, 0.01-17.02  m g/L), 
respectively. These values did not differ signifi cantly 
when compared to patients without bacterial infec-
tion ( P   5  .08 and  P   5  .14, respectively) and to patients 
without viral infection ( P   5  .26 and  P   5  .81, respec-
tively) ( Fig 5 ).  

 Table 1— Baseline Characteristics, Clinical Features at Study Entry, and Outcomes in 86 Patients 
With COPD Exacerbation  

Variable  
All Patients 

(N  5  86; 100%)
Virus-Positive Group

(n  5  44; 51%)
Virus-Negative Group

(n  5  42; 49%)  P  Value

Baseline characteristics
 Age, y 71  6  9 70  6  10 73  6  8 .16
 Male sex 55 (64) 28 (33) 27 (67) .22
 BMI, kg/m 2  24.8  6  6.2 24.8  6  6.9 24.8  6  5.4 .99
 COPD severity according to GOLD staging
  Postbronchodilator FEV 1 , PPV a .22
    .  80 2 (2) 2 (4.5) 0 (0)
   80-50 25 (29) 11 (25) 14 (33.3)
   50-30 43 (50) 25 (57) 18 (43)
    ,  30 16 (19) 6 (14) 10 (24)
 Current smoker 33 (38) 19 (43) 14 (33) .30
 Infl uenza vaccination b 64 (75) 32 (73) 32 (76) .71
 Number of prior COPD exacerbations b  1.1  6  1.4 0.8  6  1.0 1.4  6  1.6 .048
 Home oxygen therapy 18 (21) 6 (14) 12 (43) .09
 Systemic corticosteroids prior to admission 20 (23) 7 (16) 13 (31) .1
 Antibiotic treatment prior to admission 26 (30) 14 (32) 12 (29) .74
 Duration of symptoms prior to admission, d 6.7  6  5.2 4.8  6  3.2 8.6  6  5.9  ,  .01
Clinical features at study entry
 Increased dyspnea 78 (91) 40 (91) 38 (91) .26
 Increased cough 65 (76) 38 (86) 27 (64) .02
 Increased amount of sputum 48 (56) 29 (66) 19 (45) .15
 Purulent sputum 53 (62) 29 (66) 24 (57) .70
 Temperature, °C 37.3  6  0.9 37.5  6  0.9 37.2  6  0.9 .14
 Sore throat 25 (29) 15 (34) 10 (24) .51
 Rhinopharyngitis 51 (59) 32 (73) 19 (45)  ,  .01
 Bacterial infection c 20 (23) 7 (16) 13 (31) .09
 Antibiotic treatment 73 (85) 42 (95) 31 (74) .05
  Duration, d 8.1  6  4.6 9.4  6  4.3 6.8  6  4.6  ,  .01
 Systemic steroid use 81 (94) 42 (95) 39 (93) .36
  Duration, d 19.8  6  76 21.4  6  82 18  6  68 .84
 ICU admission 18 (21) 9 (20) 9 (21) .91
Outcomes and follow-up
 Time to clinical recovery, d 8.7  6  4.6 8.9  6  4.4 8.7  6  4.8 .85
 Hospital stay, d 10.6  6  5.3 11.6  6  6 9.5  6  4.5 .70
 Health-related quality-of-life questionnaire
  MRF-28 42.5  6  26 37  6  27.9 48.2  6  22.9 .45
  SGRQ 52.5  6  22 49.3  6  22.1 56  6  21.8 .16
 Four-month mortality 15 (17) 6 (14) 9 (21) .34

Data are presented as No. (%) or mean  6  SD. GOLD  5  Global Initiative for Obstructive Pulmonary Disease; MRF-28  5  Maugeri Foundation 
Respiratory Failure Questionnaire; PPV  5  percent predicted value; SGRQ  5  St George Respiratory Questionnaire.
 a Performed in a stable state during previous year.
 b During the previous year.
 c Sputum analyses were available in 61 cases, and 39 met quality criteria of bacterial analysis.
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groups of patients,  25   including those with COPD,  5,8-12,26   
but few investigations have used such a large panel of 
molecular assays. Using these new PCRs, we identi-
fi ed new viruses that had never been studied before in 
this setting, such as coronavirus OC43 and coronavirus 
HKU1. Taken together, these viruses correspond to an 
important proportion of 18% of all detected cases. 

 The clinical relevance of viral or bacterial infection 
identifi ed through URT sampling (vs sputum sam-
ples), is indeed debated.  27   However, in clinical set-
tings, representative sputum during AECOPD often 
is diffi cult to obtain. Furthermore, bacterial coloniza-
tion may contaminate and thus inhibit viral culture in 
sputum samples as well as RT-PCR, and RT-PCR 
assays using sputum face other technical limitations, 
such as lack of standardization and unknown repro-
ducibility. In addition, potentially pathogenic viruses 
rarely found in lower airways, such as bocavirus or 
rhinovirus, would be overlooked if searched only in 
sputum. Many of these limitations can be overcome 
by nasopharyngeal sampling, which demands only very 
limited patient collaboration. Finally, the nasopha-
ryngeal area is considered the most appropriate site 
for detecting viral replication, and lower respiratory 
tract replication in absence of URT infection is 
exceptional.  28   

 To determine whether upper-respiratory viral 
infection is a causative agent of AECOPD is of major 
importance. Indeed, detection of viral nucleic acids 
in upper-respiratory secretions is not proof per se of a 
causal relationship, but there is substantial evidence  2   
supporting the role of respiratory viruses in promot-
ing infl ammatory processes leading to exacerbation. 
It is also established that viruses, such as RSV, may 
directly infect the lower airway in patients with 
COPD.  29   The causal relationship between a viral 
infection initiated in the upper-respiratory tract and 
exacerbation has been demonstrated in a small exper-
imental study in which four patients with stable 
COPD were infected with rhinoviruses.  30   Thus, 
viruses detected in nasopharyngeal swab of patients 
with AECOPD do play a role in the development of 
respiratory symptoms either alone or as cofactors 
with other pathogens or nonbiologic agents, such as 
air pollution or tobacco smoke.  2   Importantly, the 
concordance between nasopharyngeal swabs and 
lower-respiratory tract sampling has been found to 
be high, particularly for respiratory viruses.  31,32   Addi-
tionally, viruses detected in URT have been sus-
pected to be causal agents in community-acquired 
pneumonia.  33   

 Viral infection was cleared in most cases during the 
4-month follow-up, and we did not observe prolonged 
viral shedding as reported in some studies.  12   Pro-
longed shedding has been mainly described for RSV, 
and the small number of cases observed in our study 

viral samples, unlike in most previous studies,  5,6,9,10   
were not only collected during the acute exacerba-
tion phase but also systematically collected several 
months after the initial exacerbation, with patients 
being their own controls. It is noteworthy that nei-
ther clinical features nor outcomes differed signifi -
cantly between patients with or without viral infection, 
albeit for URT symptoms, more frequently in posi-
tive cases as already described.  12   

 In our study, picornaviruses, metapneumovirus, 
and coronaviruses were the most common identifi ed, 
which is consistent with recent studies.  5,10-12,24   Of note, 
the RT-PCR assays used in our study did not discrim-
inate between rhinoviruses and other enteroviruses. 
However, based on previous investigations, it can be 
surmised that rhinoviruses represented the large 
majority of these cases. This strategy also offered the 
advantage of screening for newly identifi ed strains, 
such as rhinovirus C and other new respiratory 
enteroviruses.  14,23   RT-PCR assays have already shown 
their ability to improve diagnostic yield in different 

  Figure  3. Seasonal variability of viruses detected by reverse 
transcriptase-polymerase chain reaction (RT-PCR) of nasopha-
ryngeal swabs in patients admitted for AECOPD. See Figure 2 
legend for expansion of abbreviations.   

  Figure  2. Viruses detected by polymerase chain reaction (PCR) 
in nasopharyngeal samples of 86 patients admitted for acute exac-
erbations of COPD (AECOPD) (black bars) and 71 patients who 
completed follow-up (white bars, stable period). RSV  5  respira-
tory syncytial virus.   
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as CRP, are elevated during COPD exacerbations,  2,36   
but the association between viral infections and sys-
temic infl ammation biomarkers has been addressed 
only in a few studies until now.  2,12   We thus tested the 
performance of CRP and PCT for this indication. 
In AECOPD, PCT-based guidelines may lead to a 
decreased use of antibiotics.  37   In practice, when PCT 
values are below a predefi ned limit, many clinicians 
consider that viruses, not bacteria, cause AECOPD. 
Our results did not show any correlation between 
either CRP or PCT values and sputum cultures or 
results of virological screening, and neither of these 
biomarkers could effi ciently discriminate between 
these two types of infection. It is possible that a lack 
of power might explain these results, as our study was 
not properly powered to detect differences in PCT 

precludes any further conclusions. We can hypothe-
size, however, that the seasonal pattern of RSV epi-
demics, varying substantially every year, might explain 
this discrepancy. Indeed, several studies, even in 
Switzerland, have reported a biennial activity of RSV 
that could underestimate its prevalence in our COPD 
population study compared with other studies.  34,35   

 The high rate of virus detection in URT during 
AECOPD also supports the idea that antibiotics may 
be overprescribed in these patients  3   and that distin-
guishing between purely viral infections and mixed or 
bacterial infections is of major importance. The 
present study offered the advantage of an extensive 
molecular viral screening in a well-defi ned clinical 
entity (AECOPD) known to be associated with both 
bacterial and viral infections. Biologic markers, such 

  Figure  4. Seasonal variability of samples at baseline during admission ( A ) and at 4-month follow-up ( B ).   

 Table 2— Odds Ratio of Viral Infection in 86 Patients Admitted for COPD Exacerbations  

Viral Infection

Univariate Analysis Multivariate Analysis a 

OR 95% CI OR 95% CI

Rhinopharyngitis 3.23 1.13-7.94 3.01 1.11-8.69
Increased cough 3.54 1.45-8.65 1.79 0.52-6.13
Increased dyspnea 0.9 0.22-4.07 1.02 0.19-5.33
Increased sputum volume 2.34 0.98-5.59 1.98 0.63-6.27
Increased sputum purulence 1.48 0.53-4.15 0.93 0.29-3.03

OR  5  odds ratio.
 a Adjusted for rhinopharyngitis, cough, dyspnea, sputum volume, and sputum purulence.
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long as 8 to 11 days after AECOPD,  30   we believe that 
the reported rate of viral infection is reliable. Finally, 
the lack of relation in our study between recovery 
time and detection of viruses also could be explained 
by the fact that patients were mainly referred by their 
physician and that it was diffi cult to determine pre-
cisely the exact start of the exacerbation because the 
thresholds for referral differ between physicians. This 
refl ects the diffi culties encountered in real-life man-
agement of patients with COPD. 

 Conclusion 

 Prevalence of viruses, as detected from nasopharyn-
geal swabs by RT-PCR, is high in AECOPD and low 
after clinical recovery, suggesting that AECOPD are 
frequently triggered by viral infections initiated in the 
URT. In this study, current biologic markers such as 
CRP and PCT could not discriminate between viral 
and nonviral AECOPD. Rapid virological diagnostic 
procedures, therefore, are highly needed to accurately 
confi rm a viral etiology in the presence of a COPD 
exacerbation and subsequently to apply appropriate 
treatment strategies. 

levels between groups. Furthermore, the fact that 
one-third of patients included was already on antibi-
otics at admission may have contributed to low PCT 
values; these results refl ect, however, the real life of 
clinical practice, thus limiting the predictive value of 
PCT at hospital admission. 

 Our study has some limitations. It is quite possible 
that our study underestimated the rate of bacterial 
infection or coinfection in as much as sputum sam-
ples for bacterial analysis were available in only 
45% of cases, and 57% of these patients had already 
received antibiotics. Conversely, our bacterial assays 
were only semiquantitative, and we did not perform 
bacterial detection at follow-up. Because bacterial 
colonization is common in patients with COPD, the 
possible identifi cation of bacteria in AECOPD does 
not necessarily imply an etiologic role. This fi nding 
may have affected values of biomarkers and clinical 
outcome. Additionally, patients were not recruited at 
the very onset of AECOPD and may have passed the 
peak viral load, which could have underestimated the 
real prevalence of virus-related AECOPD. However, 
given the high sensitivity of RT-PCR and the fact that 
viral nucleic acid detection in URT is possible for as 

  Figure  5. Serum CRP (n  5  86) and procalcitonin (PCT) (n  5  81) in patients with AECOPD. Five values 
are missing for PCT (two in the virus-positive group; three in the virus-negative group). Patients with 
(n  5  20) and without bacterial infection (n  5  68) identifi ed by semiquantitative bacterial analysis of spu-
tum at admission for AECOPD ( A ). Patients with (n  5  44) and without (n  5  42) viral nucleic acids identi-
fi ed by RT-PCR of nasopharyngeal swabs at admission for AECOPD ( B ). Data are expressed as medians 
(interquartile range).  CRP  5  C-reactive protein. See Figure 2 and 3 legends for expansion of other 
abbreviations.  
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