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      Studies of COPD that have used self-report of pos-
sible COPD exacerbations detect one-third to one-

half of all exacerbations that occur.  1-4   Participants 
using paper-based data recording in studies of respi-
ratory diseases often falsify data,  5,6   and the likelihood of 
this occurring increases with the length of the study. In 
one randomized trial of electronic symptom record ing 
vs monitored paper-based recording, actual compliance 
was 94% in the electronic group, whereas fabricated 
compliance with paper-based recording was 73%.  7   

 COPD exacerbations requiring hospital treatment 
are more frequent in winter.  8-10   Peaks in both COPD 
hospitalization and mortality occur in England at 

year-end  11,12   and have been observed to be centered 
on the Christmas period in the United Kingdom, 
Canada, and Sweden.  12   In the Toward a Revolution 
in COPD Health (TORCH) study, the highest rates 
of COPD exacerbations for northern hemisphere 
participants occurred in December, with the next-
highest in January.  13   Furthermore, children’s presen-
tations to general practitioners in England and Wales 
for acute bronchitis and hospitalization for respiratory 
diseases increase immediately before the Christmas 
period,  14   preceding peaks in adults.  14,15   Periods of 
school attendance and high levels of respiratory virus 
detection in children have been shown to coincide 

  Background:    Paper-based diaries and self-report of symptom worsening in COPD may lead to 
underdetection of exacerbations. Epidemiologically, COPD exacerbations exhibit seasonal pat-
terns peaking at year-end. We examined whether the use of a BlackBerry-based daily symptom 
diary would detect 95% or more of exacerbations and enable characterization of seasonal differ-
ences among them. 
  Methods:    Fifty participants with GOLD (Global Initiative for Chronic Obstructive Lung Disease) 
stage I to IV COPD began a community-based study in December 2007. Another 30 began in 
December 2008. Participants transmitted daily symptom diaries using a BlackBerry. Alerts were 
triggered when symptom changes, missed diary transmissions, or medical care for a respiratory 
problem occurred. Participant encounters were initiated if COPD exacerbations were suspected. 
Participants used their BlackBerrys to report returns to normal breathing. 
  Results:    Participants transmitted 99.9% of 28,514 possible daily diaries. All 191 (2.5/participant-year) 
COPD exacerbations meeting Anthonisen criteria were detected. During 148 of the 191 exacer-
bations (78%, 1.97/participant-year), patients were hospitalized and/or ordered prednisone, an 
antibiotic, or both. Respiratory viruses were detected in 78 of the 191 exacerbations (41%). Those 
coinciding with a respiratory viral infection averaged 12.0 days, and those without averaged 
8.9 days ( P   ,  .04), with no difference in Anthonisen score. Respiratory symptom scores before 
exacerbations and after normal breathing return showed no differences. Exacerbations were 
more frequent during the Christmas period than the rest of the year but were not more frequent 
than in the rest of winter alone. 
  Conclusions:    Smartphone-based collection of COPD symptom diaries enables near-complete 
identifi cation of exacerbations at inception. Exacerbation rates in the Christmas season do not 
reach levels that necessitate changes in disease management.    CHEST 2013; 144(2):507–514   

  Abbreviations:  GOLD  5  Global Initiative for Chronic Obstructive Lung Disease; RVI  5  respiratory viral infection 
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the Research Ethics Board of St. Joseph’s Healthcare, Hamilton 
(RP07-2864). 

 Subject Inclusion and Exclusion Criteria 

 The inclusion criteria were age  �  40 years, ability to communicate 
in English, COPD diagnosis and meeting criteria for GOLD (Global 
Initiative for Chronic Obstructive Lung Disease) stages I to IV 
classifi cation, current or ex-smoker with a minimum 10 pack-years 
of exposure, previous demonstration of  ,  20% reversibility in FEV 1  
or an increase in FEV 1  of  ,  200 mL after inhalation of 200  m g 
of salbutamol, willingness to provide informed consent, and resid-
ing in a noninstitutional domicile without current plans to transfer 
to institutional care. The exclusion criteria were signifi cant comor-
bidity that would interfere with the participant’s ability to com-
plete the study protocol, including use of a BlackBerry; planning 
to be away for a signifi cant part of the study; or a history of asthma 
or seasonal allergic rhinitis. 

 Participants meeting the inclusion criteria underwent a base-
line assessment, including clinical history, spirometry, BODE 
(BMI, airfl ow obstruction, dyspnea, and exercise capacity) index 
calculation, completion of the St. George’s Respiratory Question-
naire, and collection of samples of sputum and nasal brushings for 
virologic testing and blood for measurement of C-reactive pro-
tein titer. During the study, participants’ medical care remained 
with their own physicians. 

 Data Collection and Detection of COPD Exacerbations 

 At enrollment, participants were provided with and trained 
in the use of model 8700 BlackBerry Smartphones (BlackBerry) 
controlled and monitored centrally. Functions of the BlackBerrys 
not needed for the study were disabled. Participants were alerted 
when a new daily diary (e-Appendix 1) was delivered to their 
BlackBerry. When all daily questions had been answered, diaries 
were encrypted and transmitted wirelessly to a data server. Flags 
were programmed to alert staff when one or more symptoms 
moved up two levels of severity on a given day; any symptom 
reached its worst level on a given day; or a participant reported a 
health-system encounter for a respiratory problem, reported symp-
toms of a respiratory infection, had not transmitted two sequential 
daily diaries, or requested contact by staff. 

 Participants whose diaries met one of the aforementioned cri-
teria were contacted by a study nurse and were asked, using lay 
terminology, to confi rm whether they thought their breathlessness 
was worse than the usual day-to-day variation; they had an increase 
in sputum volume and/or sputum purulence; and/or medical atten-
tion, if sought, was sought for “breathing problems”; and/or a respi-
ratory infection was probable. 

 If a new possible exacerbation was confi rmed, a meeting with a 
study nurse in the participant’s home was scheduled for as soon as 
possible. During these, participants underwent postbronchodilator 
spirometry (SpiroPro, BTL Inc) and had specimens of sputum 
and nasal brushings (both nostrils) taken for virologic analysis. 
The participants were notifi ed that three supplementary ques-
tions (e-Appendix 1) would appear in their daily diary to deter-
mine if prednisone, antibiotic, or both were taken or if breathing 
had returned to normal on a given day. When this occurred, sup-
plementary questions were removed by remote command from 
the daily diary. 

 During hospitalizations, staff met with the participants as soon 
as medically acceptable. With the approval of attending physicians, 
participants continued their diary submissions while in hospital. 

 Assessment of Exacerbations 

 The severity of COPD exacerbations by the Anthonisen criteria  23   
was assessed by a COPD nurse. Exacerbation length was defi ned 

with higher rates of hospitalization for COPD,  16   sug-
gesting that school attendance fosters the transmis-
sion of respiratory infections between children and 
adults. Respiratory viral infections (RVIs) coincide with 
a substantial proportion of COPD exacerbations.  17-22   

 In a previous study, we used faxed daily symptom 
diaries to monitor patients with COPD over a single 
winter period.  22   Of 111 exacerbations meeting the 
Anthonisen criteria,  23   only one was not detected during 
its occurrence. However, the fax-based system requires 
high levels of patient support by staff and data trans-
mission that could only occur at a single location. 

 Our primary objective in this study was to determine 
whether 95% or more of all exacerbations in a cohort 
of patients with COPD could be detected using secure 
devices that could be used anywhere, would be well 
accepted by patients, and would require modest staff 
support and enable collection of supplementary infor-
mation when exacerbations occur. Our secondary 
objective was to confi rm our previous observation  22   
that COPD exacerbations are more frequent during 
the Christmas period than at other times of the year. 

 Materials and Methods 

 Study Design and Period 

 This was a prospective, observational study of a cohort of patients 
with COPD of mixed disease severity over a maximum period of 
17 months. The study was conducted between December 1, 2007, 
and April 30, 2009. 

 Study Participants 

 Study participants were recruited from the clinics of respi-
ratory specialists or were referred by primary-care physicians in 
the region of Hamilton, Canada. This study was approved by 

 Manuscript received September 19, 2012; revision accepted 
February 20, 2013. 
  Affi liations:  From the Firestone Institute for Respiratory Health 
(Mr Johnston, Mss Lambert and Hussack, and Dr McIvor) 
and the Department of Clinical Epidemiology and Biostatistics 
(Dr Norman), McMaster University, Hamilton, ON, Canada; Respi-
ratory and Infl ammation Therapy Area (Dr Gerhardsson de Verdier 
and Mr Lewis), AstraZeneca, Molndal, Sweden; MedImmune 
LLC (Dr Newbold), Gaithersburg, MD; TranScrip-Partners LLP 
(Dr Higenbottam), Reading, England; Biometrics and Information 
Sciences (Mr Jenkins), AstraZeneca, Alderley Park, Macclesfi eld, 
England; and Regional Virology Laboratory (Dr Coyle), Belfast 
Health and Social Care Trust, Belfast, Northern Ireland. 
 Dr McIvor was the coprincipal investigator. 
 Part of this article has been presented in abstract form at the 
European Respiratory Society 2008 Annual Meeting, Berlin, 
Germany (abstract 250496) and American Thoracic Society 2012 
Annual Meeting, San Francisco (abstract 28081). 
  Funding/Support:  This study was supported by a grant from 
AstraZeneca    . 
  Correspondence to:  Neil W. Johnston, MSc, Firestone Institute 
for Respiratory Health, McMaster University, 50 Charlton Ave E, 
Hamilton, ON, L8N 4A6, Canada; e-mail: njohnsto@mcmaster.ca  . 
  © 2013 American College of Chest Physicians.  Reproduction 
of this article is prohibited without written permission from the 
American College of Chest Physicians. See online for more details. 
 DOI: 10.1378/chest.12-2308 

Downloaded From: http://journal.publications.chestnet.org/ by David Kinnison on 08/06/2013



journal.publications.chestnet.org CHEST / 144 / 2 / AUGUST 2013   509 

Fisher Scientifi c Inc). Nucleic acid was extracted from 200  m L 
of homogenized sputum using the MagNA Pure LC 2.0 system 
(Hoffman-La Roche Inc) following the manufacturer’s instruc-
tions. Two hundred microliters of the nasal phosphate-buffered 
saline were extracted without further manipulation using the 
MagNA Pure 96 DNA instrument and the Viral NA Small Volume 
Extraction Kit (Hoffman-La Roche Inc). Elution volume was set 
at 100  m L. Virologic testing was undertaken using real-time poly-
merase chain reaction against a panel of viral targets: infl uenza 
A and B, respiratory syncytial virus, parainfl uenza virus types 1 to 
3, adenovirus, human rhinovirus, the four currently circulating 
human coronavirus types (229E, OC43, NL-63, and HK-1), human 
metapneumovirus, and bocavirus. Real-time polymerase chain 
reaction against a cellular gene transcript, RNAseP, was used as a 
measure of specimen quality, and an extraction control, MS2 RNA 
phage, was added to each specimen during extraction. 

 Results 

 Of 166 potential participants identifi ed through chart 
review, 65 declined eligibility assessment, 51 were 
ineligible (see e-Appendix 2 for details), and 50 were 
recruited. One participant withdrew after assess-
ment but before beginning the study. Forty-nine par-
ticipants provided data between December 1, 2007, 
and November 30, 2008, and one died during the 
period. The study was extended from December 1, 
2008, to April 30, 2009. Forty-six of the original par-
ticipants continued through the extension period. 
One hundred forty-one new candidates were identi-
fi ed; 66 declined eligibility assessment, and 45 were 
ineligible (e-Appendix 2). During the second study 
period, fi ve participants died. Seventy-one people com-
pleted the study extension. Demographic and clinical 

as the period between the date on which an exacerbation was con-
fi rmed and the date on which the participant reported a return 
to normal breathing. 

 Data Analysis 

 As in a prior study,  22   we defi ned the Christmas COPD epidemic 
period as December 1 to January 17. This includes the period of 
frequent social activity before, during, and after both Christmas 
(December 25) and the Orthodox Christmas on January 7 (Ontario 
has a signifi cant population of Orthodox Christian heritage) and 
an arbitrary 10-day period following that for related symptom epi-
sode development. The “rest of winter” was defi ned as January 18 to 
April 30, and the third study period was May 1 to November 30. 

 Assessment of compliance with the completion of daily diary 
questionnaires and the detection of COPD exacerbations are 
descriptive. Secondary analyses compared the annualized rates 
of COPD exacerbation and the proportion of exacerbations coin-
ciding with RVIs during two Christmas periods, two rest-of-winter 
periods, and the period from May 1, 2008, to November 30, 2008. 
Differences in exacerbation rates between periods were tested 
using a  x  2  test, in which the observed rate of exacerbations/partic-
ipant-year was compared with the number expected across all time 
periods or between the Christmas and rest-of-winter periods. 
Exacerbation length and Anthonisen scores with and without the 
presence of RVIs were examined using a Student  t  test. To deter-
mine whether there was a difference among the symptom levels 
before, during, and after an exacerbation, daily diary data for ques-
tions 1 to 4 (e-Appendix 1) were analyzed with a repeated-measures 
analysis of variance with two factors: before/during/after and 
question. The analysis was repeated for the before and after scores 
only to determine if symptom levels returned to baseline after an 
exacerbation. 

 Microbiologic Testing 

 Sputum samples were homogenized by shaking for 15 min 
after the addition of an equal volume of SPUTASOL (Thermo 

 Table 1— Demographic and Clinical Characteristics of the Study Population  

Subject   Characteristics GOLD I (n  5  1) and II (n  5  39) GOLD III (n  5  28) and IV (n  5  11)

Age, mean (range), y 66.9 (44-85) 68.0 (44-89)
Male 17 (43) 22 (56)
Smoking, median (interquartile range), pack-y  44.1 (39.5) 53.0 (32.5)
Current smokers 13 (33) 11 (28)
BODE score, mean (SD) 2.1 (1.5) 5.5 (2.3)
Dyspnea score, median 2.0 3.0
% predicted FEV 1  at baseline postbronchodilator, mean (SD) 60.7 (7.5) 35.3 (8.0)
6-min walk distance, mean (SD), m 408 (97) 324 (124)
BMI, mean (SD), kg/m 2 28.5 (5.4) 25.9 (6.6)
ED visit for breathing diffi culties in previous year 9 (23) 13 (33)
 �  1 hospitalization for breathing diffi culties in previous year 5 (13) 9 (23)
C-reactive protein titer, median (interquartile range), mg/L 3.0 (4.7) 4.3 (5.8)
Subject medication profi le at baseline
 Short-acting  b  2 -agonist 24 (60) 37 (95)
 Long-acting  b  2 -agonist 3 (8) 3 (8)
 Inhaled steroid 3 (8) 5 (13)
 Combination inhaled corticosteroid and long-acting  b  2 -agonist 27 (68) 29 (74)
 Anticholinergics including tiotropium and ipratropium/albuterol 30 (75) 34 (87)
 Oral steroid 0 (0) 2 (5)
 Leukotriene receptor antagonist 1 (3) 0 (0)
 Theophylline 1 (3) 1 (3)
 Antibiotics 2 (5) 1 (3)

Data are given as No. (%) unless otherwise indicated. BODE  5  BMI, airfl ow obstruction, dyspnea, and exercise capacity; GOLD  5  Global Initiative 
for Chronic Obstructive Lung Disease.
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a course of prednisone during an exacerbation than 
were those in GOLD I and II. The former participants’ 
exacerbations were also longer on average; however, 
they experienced minimal reductions from baseline in 
their percentage of predicted FEV 1 , whereas those 
in GOLD I and II had an average drop of 7%. 

 The mean average symptom score across questions 
1 to 4 was 1.97 preexacerbation and 1.99 postexacer-
bation. The difference was not signifi cant (F  5   2 0.59, 
 P   5  .44). 

 The rate of exacerbations during the Christmas 
period (3.3/participant-year) was higher than in the 
other two periods (2.5/participant-year for the rest of 
winter and 1.8/participant-year for the rest of the year) 
The difference between exacerbation rates during 
the Christmas period and the rest of the year was sig-
nifi cant ( x  2   5  17.2,  P   ,  .0001). The difference between 
exacerbation rates during the Christmas period and 
the rest of winter alone was not signifi cant ( x  2   5  2.26, 
not signfi cant). Characteristics of exacerbations in the 
three study periods are shown in  Table 3  . 

 Virus Detection 

 Baseline:   Nasal-fl uid samples were obtained from 
all 80 participants, and sputum specimens from 48. 

characteristics of the study participants are shown 
in  Table 1  . 

 Daily Diary Data and Characteristics 
of Exacerbations 

 Participants transmitted all but 26 of 28,514 pos-
sible daily diaries. Participants completed their diaries 
on 176 of 191 inpatient hospital days (92%). 

 One hundred ninety-two participant encounters 
were initiated for possible COPD exacerbations, with 
191 events meeting the Anthonisen criteria (101 type 
1, 57 type 2, 33 type 3); in the remaining event, the 
participant experienced worsened dyspnea and an 
antibiotic was ordered. Physician visits for breath-
ing problems occurred during 122 exacerbations 
(64%) ( Table 2  ). Overall, the rate of exacerbations 
observed was 2.54/participant-year. During 148 of 
191 exacerbations (78%), participants were hospital-
ized and/or began oral prednisone, an antibiotic, or 
both (1.97/patient-year). 

 The median length of the 173 exacerbations in which 
participants reported a return to normal breath ing 
before the end of the study was 10.0 (interquartile 
range, 14.0 days). Participants in GOLD III and 
IV categories were twice as likely to be prescribed 

 Table 2— Encounters Initiated and Characteristics of Exacerbations  

Characteristics of COPD Exacerbations GOLD I and II (n  5  40) GOLD III and IV (n  5  39)

Participant encounters   initiated, No. 89 103
Exacerbations by Anthonisen type
 3 18 (20) 15 (15)
 2 30 (34) 27 (26)
 1  a  41 (46) 60 (58)
 Total 89 102
Exacerbations per participant, No.
 0 5 5
 1 13 10
 2 8 8
 3 2 6
 4 8 3
  �  5 4 7
Exacerbations requiring help from any health-care professional 53 (61) 69 (67)
Exacerbations requiring visit to respiratory specialist 7 (8) 33 (32)
Exacerbations requiring family physician visit 35 (40) 54 (22)
Exacerbations requiring ED treatment 10 (11) 12 (12)
Exacerbations requiring hospitalization 4 (5) 9 (9)
Exacerbation length,  b   median (range), d 8 (0-120) 12 (0-74)
Exacerbation length, virus positive, median (range), d 10.5 (2-73) 16 (1-44)
Exacerbation length, virus negative, median (range), d 7 (1-120) 9 (2-74)
Unresolved exacerbation (no return to normal breathing) 2 (2) 14 (14)
Exacerbations with prednisone prescription without hospitalization 19 (21) 44 (43)
Exacerbations with antibiotic prescription without hospitalization 60 (67) 76 (74)
Exacerbations with virus detection 38 (43) 40 (39)
Absolute decline in postbronchodilator % predicted FEV 1  at exacerbation from 

 baseline, mean (SD)
7.2 (7.3) 0.7 (6.9)

Data are given as No. (%) unless otherwise indicated. See Table 1 legend for expansion of abbreviations.
 a Most severe.
 b Data included for 173 exacerbations; in 16 there was no return to normal breathing by study end, and in two the participant died.
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a degree that may not be possible in a multicenter 
study. However, a BlackBerry-based system has been 
used in other COPD studies, including a large, mul-
ticountry clinical trial, with 91% compliance.  24   Our 
participants reported when their breathing returned 
to normal after an exacerbation using a supplemen-
tary BlackBerry diary question. Analysis of diary symp-
tom data established that this self-assessment was 
accurate, suggesting that assessments of their respi-
ratory health by patients with COPD are perceptive. 

 The Christmas period, as we defi ned it, involves an 
elevated exacerbation risk for patients with COPD, 
but this was not signifi cant compared with the rest 
of winter. Since this study was completed, two reports 
of seasonal patterns of COPD exacerbations in major 
clinical trials, TORCH  15   and Prevention of Exacer-
bations With Tiotropium in COPD (POET-COPD), 
have been published.  25   In both, in the northern hemi-
sphere exacerbations occurred most frequently in 
December and January. The original characterization 
of a Christmas peak in COPD exacerbations  12   exam-
ined data for 209,274 ED presentations for COPD 
in Ontario, Canada, over a 4-year period (summary 
data provided in e-Table 1). In every year, the last 
week of the year from Christmas Day to New Year’s 
Eve had the highest number of events. That the exis-
tence of a specifi c Christmas effect as opposed to 
an elevated risk over the broader period can only be 
demonstrated in large administrative data sets sug-
gests that preparing patients with COPD for the risks 

One baseline nasal-fl uid specimen (2.5%) and seven 
baseline sputum specimens (15%) were virus positive, 
all for rhinovirus. 

 Exacerbations:   Nasal-fl uid samples were obtained 
during all 191 confi rmed COPD exacerbations and 
sputum samples during 141 (74%). Respiratory viruses 
were present in 78 of 191 of the COPD exacerbations 
(41%) ( Table 4  ). Forty-fi ve nasal specimens (24%) and 
58 sputum specimens (45%) were positive for one or 
more viruses. 

 Exacerbations coinciding with RVIs, in which a 
return to normal breathing occurred before the end 
of the study, lasted an average of 12.0 days, compared 
with 8.9 days without RVIs ( t   5  2.06,  P   5  .04) ( Fig 1  ). 
Anthonisen scores for episodes with virus present and 
absent were 1.52 (SD, 0.71) and 1.73 (SD, 0.78), respec-
tively ( t   5  1.87,  P   5  .06). 

 Discussion 

 We have shown that, over an extended period of 
time, patients with COPD will provide daily respiratory-
health data with near-perfect compliance using 
BlackBerry devices. In interpreting this fi nding, one 
must keep in mind the possibility that this study popu-
lation was biased toward participants more confi dent 
in using electronic devices. The study team was also 
assiduous in maintaining oversight of participants to 

 Table 3— Characteristics of Exacerbations During the Christmas Period (December 1-January 17), the Rest of Winter 
(January 18-April 30), and the Rest of the Year  

Characteristics of COPD Exacerbations Christmas Period (n  5  2) Rest of Winter (n  5  2) Rest of Year (n  5  1)

Total   participant-y in study period 16.2 34.8 28.7
Exacerbations, No. 53 88 51
Exacerbations/participant-year, No. 3.3 2.5 1.8
Exacerbations by Anthonisen type
 3 9 (17) 14 (16) 10 (20)
 2 14 (26) 28 (32) 15 (29)
 1  a  30 (57) 45 (51) 26 (51)
 Total 53 87 51
Exacerbations by GOLD category
 I and II 29 (55) 39 (44) 21 (41)
 III and IV 24 (45) 49 (56) 30 (59)
Exacerbations requiring help from any health-care professional 30 (57) 52 (60) 38 (78)
Exacerbations requiring visit to respiratory specialist 7 (13) 19 (22) 14 (29)
Exacerbations requiring physician visit 17 (32) 25 (29) 13 (27)
Exacerbations requiring ED treatment 5 (9) 8 (9) 9 (18)
Exacerbations requiring hospitalization 3 (6) 5 (6) 5 (10)
Exacerbation length,  b   median (range), d 10.5 (1-74) 9 (1-73) 12.5 (2-120)
Exacerbation length, virus positive, median (range), d 12 (4-63) 16.5 (1-73) 13.5 (2-42)
Exacerbation length, virus negative, median (range), d 9 (1-74) 7 (2-52) 10.5 (2-120)
Exacerbations with prednisone prescription 16 (30) 25 (28) 22 (43)
Exacerbations with antibiotic prescription 31 (58) 66 (75) 38 (75)
Exacerbations with virus detection 25 (47) 28 (32) 25 (49)

Data are given as No. (%) unless otherwise indicated. See Table 1 legend for expansion of abbreviations.
 a Most severe.
 b Data for 173 exacerbations; in 16 there was no return to normal breathing by study end, and in two the patients died.
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nasal-fl uid and sputum viruses were different, or only 
found in one type of sample, confi rming that the role 
of RVIs in COPD symptom exacerbations should 
include examination of both nasal fl uid and sputum. 

 The only virus detected in specimens taken at recruit-
ment was rhinovirus, found in one nasal-fl uid sample 

of winter as a whole, but not the Christmas season 
specifi cally, would be prudent. 

 We detected one or more respiratory viruses in 
41% of exacerbations. Viruses were more likely to be 
detected in sputum than in nasal fl uid, as has been 
reported previously.  21,26   In a majority of cases, the 

  Figure  1. Incidence and prevalence of COPD exacerbations in all study participants by week of the study. The numbers of COPD exac-
erbations are shown as horizontal bars over the course of the study (December 1, 2001, to April 30, 2009). The length of the bars repre-
sents the length of the exacerbation and the colors represent the categories of virus detected in each. Shading signifi es the fi ve periods of 
the study. Numbers in parentheses represent the rate of exacerbations per participant year. The vertical axis shows the number of exacer-
bations (number/subject) by study period.   

 Table 4— Viruses Detected During Exacerbations  

Virus Type

Nasal Fluid (n  5  191), 
No. (% of Nasal Virus 

Detections)

Sputum (n  5  141), No.
(% of Sputum Virus 

Detections)

Nasal and Sputum, No.
(% of Both Sample Virus 

Detections)

Total Virus Detections,  a   
No. (% of Single Virus 

Detections)

Any virus 15 (100) 32 (100) 26 (100) 73 (100)
Rhinovirus 3 (20) 15 (47) 9 (35) 27 (37)
Coronavirus 4 (27) 8 (25) 11 (42) 23 (32)
Respiratory syncytial virus 3 (20) 1 (3) 4 (15) 8 (11)
Infl uenza A 0 2 (6) 0 2 (3)
Infl uenza B 0 2 (6) 0 2 (3)
Human metapneumovirus 0 2 (6) 1 (4) 3 (4)
Bocavirus 3 (20) 0 0 3 (4)
Parainfl uenza virus 2 (13) 2 (6) 0 4 (5)
Adenovirus 0 0 1 (4) 1 (1)

 a In addition, combinations of viruses were detected in fi ve exacerbations, two in which coronavirus was present in nasal fl uid and rhinovirus in 
sputum, one in which respiratory syncytial virus was present in nasal fl uid and human metapneumovirus in sputum, one in which adenovirus was 
present in nasal fl uid and human rhinovirus in sputum, and one in which adenovirus and coronavirus were both present in sputum    .
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and seven sputum samples. Recruitment occurred in 
the fall, a period when rhinovirus is most common,  27   
and we conclude that the positive participants had 
colds at the time. Exacerbations coinciding with RVIs 
took longer to resolve than those without RVIs, con-
sistent with fi ndings in other studies,  26,28     but were no 
more severe based on Anthonisen scores. 

 Conclusions 

 In conclusion, the use of BlackBerry-based tech-
nology permitted early and complete detection of 
COPD exacerbations. Such technologies may foster 
the adoption of patient-reported outcomes and symp-
tom-based measures in clinical studies and facilitate 
early detection of deterioration in high-risk patients 
with COPD in regular clinical practice. However, for 
this to occur, the effectiveness of the approach must 
be evaluated in a full spectrum of patients with COPD. 
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