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Introduction: Identifying predictors of bacterial and viral pathogens in sputum from 
patients with acute exacerbations of chronic obstructive pulmonary disease (COPD) may 
help direct management.
Methods: We used data from a trial evaluating a C-reactive protein (CRP) point of care 
guided approach to managing COPD exacerbations in primary care. We used regression 
analyses to identify baseline clinical features, including CRP value in those randomized to 
testing, associated with bacterial, viral or mixed infections, defined by the presence of 
bacterial and viral pathogens in sputum, detected by culture or polymerase chain reaction 
(PCR), respectively.
Results: Of 386 participants with baseline sputum samples, 79 (20.5%), 123 (31.9%), and 
91 (23.6%) had bacterial, viral/atypical, and mixed bacterial/viral/atypical pathogens identi-
fied, respectively. Increasing sputum purulence assessed by color chart was associated with 
increased odds of finding bacterial and mixed (bacterial and viral/atypical) pathogens in 
sputum (area under the ROC curve (AUROC) for bacterial pathogens =0.739 (95% CI: 
0.670, 0.808)). Elevated CRP was associated with increased odds of finding bacterial 
pathogens and mixed pathogens but did not significantly increase the AUROC for predicting 
bacterial pathogens over sputum color alone (AUROC for combination of sputum color and 
CRP = 0.776 (95% CI: 0.708, 0.843), p for comparison of models = 0.053). We found no 
association between the presence of sputum pathogens and other clinical or demographic 
features.
Conclusion: Sputum purulence was the best predictor of sputum bacterial pathogens and 
mixed bacterial viral/atypical pathogens in patients with COPD exacerbations in our study. 
Elevated CRP was associated with bacterial pathogens but did not add to the predictive value 
of sputum purulence.
Keywords: COPD, exacerbation, infection, bacteria, sputum, primary care

Plain Language Summary
People with chronic obstructive pulmonary disease (COPD) can experience flare-ups with 
cough, shortness of breath and producing more phlegm. These flare-ups can be caused by 
viral infections, bacterial infections, or other causes such as pollution or changes in the 
weather. It can be difficult for doctors, nurses and patients to know what is causing a flare-up. 
This is important because antibiotics will only help if bacteria are causing the flare-up, and 
antibiotics are often overused, leading to antibiotic resistance.

In this study, we used data from a randomized trial of patients presenting in primary care 
with a COPD flare-up. Participants were asked to provide a sample of sputum (phlegm), 
which was tested for bacteria and viruses that commonly cause infections. We then did 
statistical tests to see what factors were associated with having bacteria in the sputum.
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Less than half of the patients had harmful bacteria in their 
sputum. Having sputum that was more green (purulent) was 
associated with having bacteria, and using a color chart resulted 
in better prediction than just asking the patient if their sputum 
had become more green. More green sputum was associated with 
bacteria whether or not viruses were present. Higher levels of the 
blood marker C-reactive protein (CRP) was also associated with 
bacteria but did not improve how well sputum color predicted 
bacteria.

In this study, sputum becoming more green, assessed using 
a color chart, was the best predictor of finding harmful bacteria in 
people with a COPD flare-up.

Introduction
Acute exacerbations of chronic obstructive pulmonary dis-
ease (AECOPD) are associated with deleterious effects on 
morbidity, mortality, and healthcare utilization.1 

Potentially pathogenic bacteria can be identified in the 
sputum of just over half of all community-based patients 
with AECOPD.2,3 However, AECOPD can also be asso-
ciated with viral infections, mixed bacterial-viral infec-
tions, cold air,4 air pollution,5 or unknown factors.6 

Around three-quarters of patients consulting in primary 
care for AECOPD are prescribed an antibiotic, and experts 
have estimated that this should be reduced to around 
54%.7 With around 95% of all healthcare contacts for 
COPD taking place in primary care,8 there is considerable 
potential for more personalized prescribing decisions to 
improve the targeting of antibiotics to those most likely 
to benefit, and enhance the focus on non-antibiotic inter-
ventions for those who are unlikely to benefit from anti-
biotics. Enhancing personalized decision making can be 
done through better clinical prediction models. In addition, 
point of care testing could add further diagnostic value, but 
this has not been adequately assessed in patients consult-
ing in primary care with AECOPD. Overuse of antibiotics 
wastes resources, promotes the development of resistant 
organisms, and causes harm through side effects and dis-
tracting from other potentially more beneficial treatments. 
Antimicrobial resistance is a major threat to public health,9 

and increasing resistant bacteria in patients living with 
COPD may make subsequent AECOPDs harder to treat.10

Antibiotic treatment confers only modest benefits for 
outpatients with AECOPD,11 and guidance on how to 
identify patients more likely to benefit from antibiotic 
treatment is vague. Three features identified by 
Anthonisen (increased sputum volume, increased sputum 
purulence and increased breathlessness)12 have been used 

for years as a guide to antibiotic treatment. However, 
a more recent study found that only sputum purulence 
and C-reactive protein (CRP) level predicted benefit from 
antibiotic treatment.13

We recently conducted a randomized-controlled trial of 
using a CRP point of care test to guide antibiotic prescrib-
ing decisions in primary care for patients presenting with 
AECOPD, and demonstrated a 20% reduction in use of 
antibiotics.14 However, it is still not clear whether bacterial 
exacerbations can be identified by clinical features, and 
whether CRP measurement adds diagnostic value to clin-
ical assessment alone.

We therefore set out to determine the clinical features 
associated with detecting bacterial pathogens in the spu-
tum of people experiencing AECOPD in primary care, and 
the added diagnostic value of CRP measured at the point 
of care.

Materials and Methods
This is a secondary analysis of data from the PACE 
trial.14,15 The PACE trial randomized 653 patients present-
ing in primary care with AECOPD to care as usual or use 
of a C-reactive protein point of care test (CRP POCT) to 
guide antibiotic therapy. The PACE study was approved by 
the Research Ethics Committee (REC) for Wales recog-
nized by the United Kingdom Ethics Committee Authority 
(REC reference: 14/WA/1106), and all participants pro-
vided informed consent.

Participating primary care clinicians recruited sequen-
tial eligible participants and collected information about 
duration of illness, symptoms, comorbid illness (coronary 
heart disease, chronic heart failure, hypertension, dia-
betes, chronic kidney disease, other chronic disease), and 
clinical findings (pulse, temperature, oxygen saturation, 
chest findings). They also asked the participant to provide 
a sputum sample, which was assessed by the recruiting 
clinician for purulence by grading the color from 1 to 5 by 
using the Bronkotest [now called the Birmingham Sputum 
Colour Chart, Stockley, Birmingham, UK], with a higher 
grade indicative of a greater degree of purulence, and then 
sent to the study laboratory by first class post using 
compliant packaging. Participants who could not produce 
a sputum sample during the consultation were asked to 
grade the color of their sputum using the same 1 to 5 
scale. Patients randomized to the CRP arm of the trial had 
a CRP measurement taken by the participating clinician 
using an Afinion desktop point of care device (Alere, now 
Abbott).
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All sputum samples were processed in the Specialist 
Antimicrobial Chemotherapy Unit Laboratory for Public 
Health Wales using the laboratory’s standard operating 
procedures. Potential pathogenic bacteria (including 
Streptococcus pneumoniae, Haemophilus influenzae/para-
influenzae, Moraxella catarrhalis, Pseudomonas species, 
Enterobacterales and Staphylococcus aureus) were identi-
fied from sputum samples using standard culture techni-
ques and Matrix-Assisted Laser Desorption Ionizing Time 
of Flight Mass Spectrometry (MALDI-ToF-MS), and 
semi-quantitatification was performed using chromogenic 
agar and a spiral plater. Nucleic acid was extracted from 
sputum samples using the EasyMag system then analyzed 
with the Luminex NxTAG Respiratory Pathogens Panel 
PCR system for a variety of viral and atypical bacterial 
pathogens. PCR was not used for detecting conventional 
bacterial pathogens.

Using data from the MALDI-ToF-MS baseline sputum 
samples were classified as containing: a) one or more 
bacterial pathogens, or b) no bacterial pathogens. Using 
data from the MALDI-ToF-MS and Luminex NxTAG 
analyses samples were further classified as containing, a) 
only bacterial pathogens, b) bacterial and viral pathogens, 
c) only viral pathogens, or d) no respiratory pathogens 
isolated.

We fitted mixed effects (participants within practices) 
binary logistic regression models to identify predictors of 
isolating a bacterial pathogen (yes/no) from sputum. We 
also fitted multinomial logistic regression models using 
the four pathogen categories described previously (no 
respiratory pathogen as the reference), inflating standard 
errors for the clustering of participants within practices 
using a clustered sandwich estimator. Predictors included 
in the model were: age, gender, smoking status, the pre-
sence of comorbid illness (heart failure, coronary heart 
disease, diabetes mellitus, chronic kidney disease, hyper-
tension, ‘other chronic illness’), GOLD stage (using most 
recent recorded FEV1), duration of symptoms (in days), 
the presence or absence of the following features as mea-
sured at baseline (tachypnoea, crackles, wheeze, dimin-
ished vesicular breathing, evidence of consolidation, 
temperature (<36, 36–37.9, ≥38 °C), sputum color (1–5 
using the Bronkotest (with 1–2 being non-purulent and 
3–5 being purulent)) and CRP category. In the PACE 
study, we gave clinicians advice based on using the CRP 
categories <20 mg/L, 20–40 mg/L and >40 mg/L. 
However, we found that more than 70% of participants 
had CRP measurements <20 mg/L. Furthermore, CRP < 

5mg/L is the lower limit of detection for the device we 
used. Therefore, for this analysis, we used the categories 
<5 mg/L, 5–19, 20–39, ≥40mg/L. CRP values were only 
available for those allocated to the CRP arm in the trial. 
We also included the Anthonisen criteria (increased 
breathlessness, increased sputum production and 
increased sputum purulence). For the binary logistic 
regression, candidate predictors which were statistically 
significant at p<0.05 in univariable analyses were 
included in a multivariable model. Sputum color and 
CRP categories were fitted as both categorical and con-
tinuous variables, with the latter fit used to explore any 
linear relationship between increasing purulence/CRP and 
pathogen detection. The area under the receiver operating 
characteristic (AUROC) was estimated to examine the 
performance of graded sputum color with and without 
the addition of CRP category in predicting sputum sam-
ples containing potentially pathogenic bacteria. For the 
four-category outcome (a) only bacterial pathogens, b) 
bacterial and viral pathogens, c) only viral pathogens, or 
d) no respiratory pathogens isolated) we fitted multiple 
univariable models but did not fit a multivariable model 
because the numbers in each category were too small. We 
also explored the association between sputum color and 
number of bacterial pathogens (0, 1, 2+) using a Chi- 
squared test.

Findings of the binary and multinomial logistic regres-
sion models are presented as odds ratios and relative risk 
ratios respectively, with associated 95% confidence inter-
vals and p-values. Analyses were conducted using Stata 
version 16.0.

Results
Baseline sputum pathogen data were available for 386/653 
(59.1%) participants. One hundred and seventy (44.0%) 
participants had one or more bacterial pathogens isolated 
and 216 (56.0%) did not have any bacterial pathogens. 
Seventy-nine (20.5%) had one or more bacterial pathogens 
with no viral/atypical pathogens isolated, 91 (23.6%) had 
both bacterial and viral/atypical pathogens isolated, 123 
(31.9%) had one or more viral/atypical pathogens and no 
bacterial pathogens isolated, and 93 (24.1%) had no bac-
terial or viral/atypical pathogens isolated. The most com-
mon bacterial pathogens isolated were H. influenza, 
M. catarrhalis, S. pneumoniae and P. aeruginosa (Figure 
1A), and most participants had relatively low growths of 
these organisms (Table 1). The most common viral/atypi-
cal pathogens isolated were Rhinovirus/Enterovirus, 

International Journal of Chronic Obstructive Pulmonary Disease 2020:15                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
3149

Dovepress                                                                                                                                                          Francis et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Figure 1 Bacterial (A) and viral/atypical (B) pathogens isolated from baseline sputum samples.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                            

International Journal of Chronic Obstructive Pulmonary Disease 2020:15 3150

Francis et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Human metapneumovirus, Coronavirus and Influenza 
(Figure 1B).

Older age; comorbid diabetes mellitus, chronic kidney 
disease and hypertension; patient reported increase in spu-
tum purulence; graded sputum purulence (using the 
Bronkotest color chart) and CRP; were all associated 
with finding a bacterial pathogen in the sputum in univari-
able analyses (Table 2). Sputum purulence using the color 
chart was the only factor that remained statistically sig-
nificant in multivariable analysis. A CRP of 5–19 mg/mL 
was found to be significantly associated with bacterial 
pathogens when compared to a CRP of 0–4 mg/mL, but 
none of the other categories of elevated CRP reading were 
statistically significant, and a test for trend was not sig-
nificant (p=0.214). We found a significant linear associa-
tion between sputum purulence and bacterial pathogens 
(p=0.005), and those with the most purulent sputum had 
almost 25 times the odds of finding a bacterial pathogen in 
the sputum compared with those with the least purulent 
sputum (AOR 24.8 (95% CI: 3.2 to 194.1)). Sputum puru-
lence increased with increasing numbers of bacterial 
pathogens (Figure 2) and to a lesser extent increasing 
numbers of viral pathogens (supplementary Figures 1 and 
2) isolated in the sputum (p< 0.001). As sputum colour 
increased, the distribution of CRP categories changed, 
with higher CRP values typically observed for higher 
sputum colours (supplementary Figure 3). Sputum puru-
lence gave an area under the ROC curve (AUROC) of 
0.739 (95% CI: 0.670, 0.808). Adding CRP category neg-
ligibly increased this (AUROC for combination of sputum 
color and CRP = 0.771 (95% CI: 0.703, 0.839), p for 
comparison of models = 0.062).

There was no evidence to suggest an association 
between sociodemographic or most clinical features and 
identifying bacterial pathogens alone, viral pathogens 
alone, or both bacterial and viral pathogens. Increased 
sputum volume was associated with an increased risk of 
viral/atypical pathogens alone and mixed bacterial and 
viral/atypical pathogens. Increased sputum purulence was 

associated with an increased risk of bacterial pathogens 
alone, viral/atypical pathogens alone, and mixed bacterial 
and viral/atypical pathogens (all compared with no patho-
gens). An increase in graded sputum color was associated 
with an increased risk of bacterial pathogens alone, viral/ 
atypical pathogens alone, and mixed bacterial and viral/ 
atypical pathogens (p-values for linear trend <0.001, 
0.021, and <0.001, respectively). CRP levels greater than 
0–4 were associated with increased odds of detecting 
bacterial pathogens and mixed bacterial and viral/atypical 
pathogens (compared with no pathogens)(p-values for lin-
ear trend =0.008 and 0.008, respectively). There was insuf-
ficient evidence to suggest that a raised CRP was 
associated with the detection of viral/atypical pathogens 
alone, compared with no pathogens (p-value for linear 
trend =0.103)(Figure 3). We found no evidence to suggest 
that increased breathlessness was associated with identify-
ing bacterial or viral pathogens (Table 3).

Discussion
In this secondary analysis of data from a randomized con-
trolled trial of CRP point of care testing to guide antibiotic 
use in primary care, we found that sputum purulence was 
the best predictor of identifying bacterial pathogens in 
sputum in patients with acute exacerbation of COPD. 
Assessing sputum purulence using a color chart 
(Bronkotest) was the only predictor that was significantly 
associated with bacterial pathogens in our multivariable 
model. However, sputum purulence was not specific to 
bacterial pathogens, with increased purulence being asso-
ciated with both bacterial and viral pathogens alone and in 
combination. We found an association between an increase 
in CRP values and the presence of bacterial pathogens 
(both alone and mixed with viral/atypical pathogens) com-
pared with no pathogens. We did not find evidence that 
using CRP category improves the predictive properties of 
sputum color in detecting bacterial pathogens in sputum.

This unique primary care study collected sputum sam-
ples and potential predictors, including sputum color 
using a standardized chart, for over 380 participants. We 
used comprehensive culture and molecular techniques to 
identify both bacterial and viral/atypical pathogens, and 
had data on sociodemographic, comorbid, and clinical 
predictors. However, this was a secondary analysis of 
trial data and our study was likely underpowered for 
some potential predictors, especially CRP for which we 
only had data from half the participants (those rando-
mized to have a CRP test) and there were very few 

Table 1 Growth of the Most Common Bacterial Pathogens*

Organism Growth Total

Scanty Low Medium Heavy

H. influenzae 32 (60.4) 12 (22.6) 7 (13.2) 2 (3.8) 53

M. catarrhalis 20 (40.0) 16 (32.0) 8 (16.0) 6 (12.0) 50

S. pneumoniae 25 (67.6) 8 (21.6) 3 (8.1) 1 (2.7) 37

Notes: *Data are n (%). Percentages are row percentages.
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Table 2 Association Between Demographic and Clinical Features, and Finding a Bacterial Pathogen in Sputum*

Variable Overall No bacterial 
pathogen 
n (row %)

Bacterial 
pathogen 
n (row %)

Unadjusted OR 
(95% CI)

p Adjusted OR (95% 
CI)†

p

Mean age in years (SD) 66.6 (9.74) 68.5 (8.80) 1.02 (1.00 to 1.04) 0.047 1.02 (0.97 to 1.06) 0.440

Gender  
Male 214 (55.4) 114 (53.3) 100 (46.7) Ref

Female 172 (44.6) 102 (59.3) 70 (40.7) 0.78 (0.52 to 1.17) 0.236

Smoking status 
(N=339)  

Non-smoker

24 (7.1) 14 (7.4) 10 (6.7) Ref

Ex-smoker 189 (55.8) 99 (52.1) 90 (60.4) 1.27 (0.54 to 3.01) 0.583
Current smoker 126 (37.2) 77 (40.5) 49 (32.9) 0.89 (0.37 to 2.16) 0.799

Comorbidities  
Heart failure 20 (5.2) 11 (5.1) 9 (5.3) 1.04 (0.42 to 2.57) 0.929

Coronary heart disease 67 (17.4) 33 (15.3) 34 (20.0) 1.39 (0.82 to 2.35) 0.225

Diabetes mellitus 57 (14.8) 24 (11.1) 33 (19.4) 1.93 (1.09 to 3.41) 0.024 0.54 (0.17 to 1.77) 0.311
Chronic kidney disease 32 (8.3) 11 (5.1) 21 (12.4) 2.62 (1.23 to 5.61) 0.013 5.01 (0.99 to 25.25) 0.051

Hypertension 153 (39.6) 76 (35.2) 77 (45.3) 1.53 (1.01 to 2.30) 0.044 1.82 (0.76 to 4.33) 0.177

Other illness (N=350) 93 (26.6) 57 (29.4) 36 (23.1) 0.72 (0.44 to 1.17) 0.185

At least one co-morbid 

illness (N=376)

246 (65.4) 136 (65.1) 110 (65.9) 1.04 (0.68 to 1.59) 0.872

Used oral antibiotics in the 

previous 12 months

241 (65.8) 125 (60.7) 116 (72.5) 1.71 (1.09 to 2.67) 0.019 1.84 (0.82 to 4.13) 0.141

GOLD Stage (N=344)  

I 57 (16.6) 28 (14.4) 29 (19.3) Ref

II 178 (51.7) 102 (52.6) 76 (50.7) 0.72 (0.40 to 1.31) 0.281
III 82 (23.8) 51 (26.3) 31 (20.7) 0.59 (0.30 to 1.16) 0.127

IV 27 (7.8) 13 (6.7) 14 (9.3) 1.04 (0.42 to 2.60) 0.933

Anthonisen Criteria  
Increase in sputum 

purulence

259 (67.1) 134 (62.0) 125 (73.5) 1.70 (1.10 to 2.63) 0.018 1.19 (0.48 to 2.97) 0.712

Increased breathlessness 338 (87.6) 192 (88.9) 146 (85.9) 0.76 (0.42 to 1.39) 0.375

Increased sputum volume 315 (81.6) 173 (80.1) 142 (83.5) 1.26 (0.75 to 2.13) 0.388

Clinical features  
Duration of exacerbation 

symptoms in days – 
Median (IQR)

5 (3 to 7) 7 (4 to 10) 1.03 (0.99 to 1.07) 0.215

Tachypnoea (N=350) 58 (16.6) 30 (15.5) 28 (17.9) 1.20 (0.68 to 2.10) 0.535

Crackles 190 (49.2) 108 (50.0) 82 (48.2) 0.93 (0.62 to 1.39) 0.731
Wheeze 199 (51.6) 110 (50.9) 89 (52.4) 1.09 (0.71 to 1.58) 0.781

Diminished vesicular 

breathing (N=385)

99 (25.7) 52 (24.1) 47 (27.8) 1.22 (0.77 to 1.92) 0.405

Consolidation (N=385) 13 (3.4) 6 (2.8) 7 (4.1) 1.51 (0.50 to 4.59) 0.465

Low temperature (<37) 283 (73.5) 158 (73.1) 125 (74.0) 1.00 (0.44 to 2.27) 0.991

Tachycardia (>100) 
(N=385)

23 (6.0) 10 (4.6) 13 (7.7) 1.72 (0.73 to 4.02) 0.213

Low O2 saturation 

(< 92%) (N=384)

48 (12.5) 27 (12.5) 21 (12.5) 1.00 (0.54 to 1.84) 1.000

(Continued)
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participants with results in the higher categories. Sputum 
color was assessed using a color chart that has been 
shown to be of value in detecting bacterial pathogens.16 

Although use of a color chart is likely to improve the 

objectivity of sputum color assessment there will still be 
a degree of subjectivity in the assessment and we have not 
been able to identify any published data on the inter- or 
intra-rater reliability of this tool. Assessment is also likely 

Table 2 (Continued). 

Variable Overall No bacterial 
pathogen 
n (row %)

Bacterial 
pathogen 
n (row %)

Unadjusted OR 
(95% CI)

p Adjusted OR (95% 
CI)†

p

Sputum Color (N=377)  
1 10 2(27.1) 81 (38.4) 21 (12.7) Ref Ref

2 86 (22.8) 52 (24.6) 34 (20.5) 2.52 (1.32 to 4.81) 0.005 3.96 (1.23 to 12.79) 0.021

3 85 (22.5) 37 (17.5) 48 (28.9) 5.00 (2.63 to 9.52) <0.001 13.20 (3.14 to 55.45) <0.001
4 88 (23.3) 37 (17.5) 51 (30.7) 5.32 (2.80 to 10.08) <0.001 6.77 (1.86 to 24.67) 0.004

5 16 (4.2) 4 (1.9) 12 (7.2) 11.57 (3.39 to 39.56) <0.001 24.78 (3.16 to 194.13) 0.002

CRP category (N=193)  
0 to 4mg/L 150 (47.3) 55 (69.6) 24 (30.4) Ref Ref

5 to 19mg/L 91 (28.7) 30 (50.0) 30 (50.0) 2.29 (1.14 to 4.60) 0.020 2.49 (1.02 to 6.05) 0.044
20 to 39mg/L 38 (12.0) 9 (36.0) 16 (64.0) 4.07 (1.58 to 10.50) 0.004 2.17 (0.67 to 7.05) 0.198

40mg/L or higher 38 (12.0) 12 (41.4) 17 (58.6) 3.25 (1.35 to 7.83) 0.009 1.75 (0.56 to 5.45) 0.338

Notes: *Data are n (%) and N = 386 unless otherwise stated. For the overall column, percentages are column percentages. †Adjusted model based on 178 participants 
within 60 practices. Sputum colour was graded 1 to 5 using the Bronkotest, with a higher grade indicative of a greater degree of purulence.

Figure 2 Association between sputum color and number of bacterial pathogens isolated.
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to be affected by lighting conditions and ambient light, 
but this reflects real-life use of a tool like this. Despite 
this variability, clinician-assessed sputum color was asso-
ciated with bacterial pathogens when other clinician- 
assessed characteristics were not, therefore suggesting 
that use of a color chart to assess sputum has some 
value in this setting.

It is important to highlight that although microbial 
pathogens are an essential component of infection, detect-
ing pathogens is not the same as having an infection. This 
is particularly true for sputum samples, which may contain 
commensal (or pathogenic) organisms from the upper 
respiratory tract. Most of the pathogens we detected were 
found to have low growth. This was particularly true for 
the more fastidious organisms such as S. pneumoniae and 
H. influenzae, which may have died during transport to the 
lab, but could also be consistent with detection of com-
mensal organisms as opposed to organisms causing infec-
tions. However, these were patients who were 
experiencing a clear exacerbation, as demonstrated by 
their recovery over the four weeks following 
recruitment.14 Viral pathogens are less likely to be simply 

commensals, but may not be the main cause of symptoms 
in an individual in whom they have been isolated. Samples 
were collected in participating general practices and trans-
ported to the study laboratory. They were refrigerated if 
stored overnight before transport, but transported at room 
temperature. Nevertheless, we were able to culture pneu-
mococci, an organism known to be fastidious and prone to 
dying during transportation, in a significant proportion of 
participants.

We detected bacterial pathogens in just under half 
(44%) of patients, which is similar to the 35%-55% seen 
in other primary and secondary care studies using 
culture.17–20 Sputum purulence has previously been 
shown to be a predictor of bacterial pathogens in patients 
with AECOPD or chronic bronchitis in hospital 
settings.16,17,19,20 Our findings are consistent with these 
reports but also demonstrate that purulence is associated 
with bacterial pathogens in patients with AECOPD in the 
primary care setting, and that it is common with finding 
a mixed bacterial and viral/atypical picture. We found 
a stronger association between the presence of bacterial 
pathogens and sputum purulence measured using a color 

Figure 3 CRP Category by type (bacterial, viral, mixed or none) of pathogen isolated.
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Table 3 Univariable Associations Between Demographic and Clinical Predictors and Bacterial, Viral/Atypical, or Both Bacterial and 
Viral/Atypical Pathogens in Sputum*

Variable Bacterial Pathogen Only Viral/Atypical Pathogen Only Mixed Bacterial And Viral/ 
Atypical Pathogens

Relative Risk Ratio 
(95% CI)*

p-value Relative Risk Ratio 
(95% CI)*

p-value Relative Risk Ratio 
(95% CI)*

p-value

Demographic

Age (per year increase) 1.01 (0.97 to 1.04) 0.759 0.98 (0.96 to 1.01) 0.203 1.02 (0.99 to 1.05) 0.238

Male Ref Ref Ref

Female 0.89 (0.49 to 1.60) 0.688 0.99 (0.60 to 1.64) 0.980 0.70 (0.40 to 1.20) 0.191

Smoking status (N=339)  
Non-smoker Ref Ref Ref

Ex-smoker 1.19 (0.22 to 6.32) 0.837 0.44 b(0.15 to 1.31) 0.141 0.58 (0.17 to 1.95) 0.381

Current smoker 1.11 (0.23 to 5.38) 0.896 0.63 (0.22 to 1.82) 0.391 0.46 (0.12 to 1.69) 0.240

GOLD Stage (n=344)

I Ref Ref Ref

II 0.77 (0.31 to 1.91) 0.579 0.82 (0.37 to 1.82) 0.624 0.55 (0.23 to 1.29) 0.168

III 0.41 (0.15 to 1.10) 0.078 1.00 (0.45 to 2.24) 0.994 0.71 (0.27 to 1.84) 0.484

IV 1.05 (0.33 to 3.35) 0.937 0.55 (0.18 to 1.73) 0.310 0.55 (0.17 to 1.76) 0.317

Anthonisen Criteria  
Increase in breathlessness 0.67 (0.25 to 1.78) 0.424 0.94 (0.39 to 2.26) 0.887 0.79 (0.36 to 1.76) 0.570

Increased sputum volume 1.49 (0.80 to 2.79) 0.210 2.74 (1.47 to 5.11) 0.002 2.98 (1.26 to 7.02) 0.013

Increased sputum purulence 2.13 (1.04 to 4.40) 0.040 1.71 (1.02 to 2.86) 0.041 2.43 (1.21 to 4.91) 0.013

Co-morbid illness

Heart failure 0.28 (0.06 to 1.35) 0.112 0.27 (0.07 to 1.03) 0.056 0.89 (0.29 to 2.72) 0.832

Chronic heart disease 1.53 (0.76 to 3.11) 0.235 0.89 (0.44 to 1.79) 0.747 1.11 (0.56 to 2.20) 0.766

Diabetes mellitus 0.84 (0.41 to 1.75) 0.643 0.41 (0.16 to 1.06) 0.067 1.66 (0.77 to 3.59) 0.199

Chronic kidney disease 2.10 (0.74 to 5.96) 0.163 0.61 (0.18 to 2.11) 0.439 1.99 (0.63 to 6.32) 0.241

Hypertension 1.45 (0.83 to 2.53) 0.196 0.98 (0.58 to 1.64) 0.931 1.56 (0.90 to 2.69) 0.112

Other illness (N=350) 0.64 (0.34 to 1.22) 0.178 0.69 (0.36 to 1.35) 0.282 0.54 (0.26 to 1.13) 0.103

At least one co-morbid illness (N=376) 1.36 (0.76 to 2.44) 0.306 0.99 (0.53 to 1.85) 0.971 0.82 (0.45 to 1.52) 0.532

Used oral antibiotics in the previous 12 

months (N=366)

1.69 (0.94 to 3.01) 0.077 1.00 (0.62 to 1.62) 0.999 1.73 (0.88 to 3.39) 0.112

Clinical features

Duration of exacerbation symptoms in 

days

1.00 (0.96 to 1.05) 0.938 0.97 (0.92 to 1.02) 0.193 1.01 (0.97 to 1.06) 0.585

Tachypnoea (N=350) 0.98 (0.44 to 2.19) 0.965 0.71 (0.30 to 1.68) 0.434 1.00 (0.46 to 2.18) 1.00

Crackles 0.84 (0.48 to 1.46) 0.534 0.77 (0.43 to 1.36) 0.363 0.77 (0.45 to 1.31) 0.336

Wheeze 1.03 (0.59 to 1.79) 0.911 1.29 (0.78 to 2.13) 0.322 1.42 (0.78 to 2.59) 0.254

Diminished vesicular breathing (N=385) 1.50 (0.76 to 2.95) 0.242 1.28 (0.66 to 2.49) 0.461 1.33 (0.65 to 2.71) 0.436

Consolidation (N=385) 2.42 (0.57 to 10.32) 0.232 3.90 (0.41 to 36.97) 0.236 5.35 (0.61 to 47.29) 0.132

Tachycardia (>100) (N=385) 4.42 (0.91 to 21.51) 0.065 3.17 (0.64 to 15.75) 0.159 3.25 (0.59 to 17.87) 0.175

Oxygen saturation normal (>92%) 

(N=384)

0.65 (0.29 to 1.46) 0.298 0.63 (0.26 to 1.51) 0.296 0.86 (0.35 to 2.12) 0.738

Sputum color (N=377)

1 (least purulent) Ref Ref Ref

2 1.50 (0.67 to 3.37) 0.325 1.26 (0.70 to 2.27) 0.449 5.50 (1.77 to 17.07) 0.003

3 6.00 (2.45 to 14.67) <0.001 2.24 (0.95 to 5.30) 0.066 12.00 (3.83 to 37.74) <0.001

4 5.50 (2.12 to 14.30) <0.001 2.24 (0.86 to 5.82) 0.097 14.50 (3.45 to 60.98) <0.001

5 (most purulent) 15.00 (1.57 to 143.07) 0.019 3.23 (0.31 to 33.26) 0.324 42.00 (4.33 to 407.67) 0.001

(Continued)
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chart rather than a binary question about patient reported 
increase in sputum purulence. A previous study also found 
that sputum purulence measured objectively with a color 
chart is a better predictor of bacterial pathogens than 
patient reported purulence.21 Although sputum color was 
associated with both bacterial and viral infections, the 
association with purely viral infections was much weaker 
than was found for purely bacterial or mixed bacterial/viral 
exacerbations. Previous studies have shown an association 
between finding bacterial pathogens in the sputum of 
patients with acute exacerbation of COPD and increased 
dyspnea,19,20 male gender,19 FEV1,17 BMI,17 Albumin,20 

and absence of fever/lower body temperature.19,20 We did 
not find an association with gender, FEV1, or increase in 
dyspnea, did not have data on BMI or albumin, and had so 
few patients with abnormal body temperature we were 
unable to include it in the model. Our findings suggest 
that patients with a COPD exacerbation in whom both 
bacterial and viral pathogens (and a combination of the 
two) can be isolated are more likely to have elevated CRP 
levels (≥5 mg/L) compared to patients in whom no patho-
gens are isolated. However, although we were able to 
demonstrate a significant trend between CRP categories 
and finding bacterial and mixed bacterial and viral/atypical 
pathogens, this was not the case for just viral pathogens. 
We only had CRP measurements for half our participants, 
and these analyses are exploratory and underpowered. 
A previous study in hospitalized patients with AECOPD 
found a strong association between CRP level and both 
viral and mixed bacterial/viral detection, but not detection 
of bacterial pathogens alone.22 Other reported predictors 
of viral infections are sputum eosinophils and higher 
temperature.18,22

Two further points warrant discussion. The first is that micro-
biology tests are measuring the presence of respiratory pathogens 

in sputum which may or may not be causing an infection, 
whereas CRP is measuring something very different - the 
body’s inflammatory response (potentially from an infection). 
Therefore, it may be that these two measurements are comple-
mentary, with microbiology testing indicating whether a potential 
pathogen is present or not, and CRP measuring the body’s 
response to the challenge. Those who mount a limited inflam-
matory response may be experiencing an infection with a lower 
bacterial load or with less virulent organisms, and may be less 
likely to benefit from antibiotics even when bacterial pathogens 
are present. This hypothesis is supported by a secondary analysis 
of a trial of antibiotics for patients with COPD exacerbations 
which found that purulence and CRP both predicted benefit from 
antibiotics.13 The second point to make is that not all patients are 
able to produce a sputum sample for assessment of purulence 
(only 59% of participants in the PACE study were able to 
produce a baseline sputum sample for analysis), and it is possible 
that CRP may have a role in predicting bacterial infection in 
those unable to produce a sputum sample.

Conclusions
Sputum purulence assessed using a color chart was the best 
predictor of bacterial pathogens in the sputum of primary care 
patients presenting with AECOPD, but it is not specific to 
bacterial pathogens, with increased purulence being associated 
with viral and mixed infections as well. Elevation of CRP 
shows some evidence of being independently predictive of 
bacterial and viral pathogens, but we were not able to demon-
strate that it added to the predictive value of sputum purulence 
in this study. Clinicians should consider using color charts, in 
addition to CRP measurement, to identify those more likely to 
benefit from antibiotics. We found no evidence to support 
using the Anthonisen features of patient reported increased 
sputum increased sputum volume or increased breathlessness, 

Table 3 (Continued). 

Variable Bacterial Pathogen Only Viral/Atypical Pathogen Only Mixed Bacterial And Viral/ 
Atypical Pathogens

Relative Risk Ratio 
(95% CI)*

p-value Relative Risk Ratio 
(95% CI)*

p-value Relative Risk Ratio 
(95% CI)*

p-value

CRP Value (category) (N=193)

0 to 4mg/L Ref Ref Ref

5 to 19mg/L 2.73 (0.98 to 7.60) 0.055 1.37 (0.59 to 3.18) 0.462 2.64 (1.03 to 6.74) 0.043

20 to 39mg/L 21.82 (2.27 to 209.50) 0.008 9.60 (1.27 to 72.49) 0.028 18.46 (1.78 to 191.24) 0.015

40 or higher 3.82 (1.15 to 12.67) 0.029 1.68 (0.51 to 5.54) 0.394 4.62 (1.14 to 18.67) 0.032

Notes: *N=386 unless otherwise stated. Sputum colour was graded 1 to 5 using the Bronkotest, with a higher grade indicative of a greater degree of purulence.
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or any other features on history or examination, to predict the 
presence of respiratory pathogens in AECOPD.

Data Sharing Statement
Anonymised data from the PACE trial are available upon 
request.
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ducted by the original investigators, who had freely 
available access to the data, and the aims of this paper 
fell within the remit of the original ethics application.
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