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INTRODUCTION 

Chronic lung diseases such as emphysema 

and chronic bronchitis (referred to as chronic 

obstructive pulmonary disease [COPD]) and 

bronchiectasis are characterized by persistent 

cough, sputum production and recurrent chest 

infections, which lead to the deterioration of 

quality of life. Patients with any of these  diseases 

manifest airway inflammation with recruitment of 

neutrophils to the airway lumen, resulting in 

purulent secretions and a variety of potential 

adverse consequences.1 Overall, the presence of 

bacteria that cause infection in the airways is 

mostly associated with neutrophil recruitment, thus 

correlating with the degree of yellow-green 

coloration of the sputum due to  neutrophil  myelo- 
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Background: Bacteria that cause infection in the airways is associated with neutrophil recruitment. 

Its correlation with the degree of yellow-green coloration of the sputum is due to neutrophil 

myeloperoxidase accumulation. The purulence of sputum can therefore be used as a gauge for 

bacterial infection. The BronkoTest, a standardized sputum color chart, was developed as a tool for 

assessing sputum color. In this study, the diagnostic accuracy of BronkoTest in detecting bacterial 

infection in patients with chronic lung diseases such as chronic obstructive pulmonary disease 

(COPD) and bronchiectasis is determined. 

 

Methodology: This was a prospective cross-sectional study involving patients who have been 

diagnosed with chronic lung diseases such as COPD and bronchiectasis, presenting with sputum 

production. A fresh sputum sample was obtained from each patient and simultaneously assessed 

by the doctor, patient, and nurse by comparing them with the colors of the BronkoTest color chart. 

Samples that were graded as 1 or 2 were categorized as mucoid sputum, while those with grades 3 

to 5 were categorized as purulent. Gram staining and culture were subsequently done. 

 

Results: A total of 89 patients participated in the study. Eighty-five percent of the population had 

COPD, and 15% had bronchiectasis. Eighty-four percent of the patients were treated with inhaled 

corticosteroids; this was significantly associated with sputum purulence (p=0.013). A higher rate 

(61%) of bacterial growth was found among purulent samples. The most common bacterium 

isolated was Klebsiella pneumonia. Test sensitivity and specificity were found to be 88.89% and 

63.69%, respectively. 

 

Conclusion: The assessment of sputum color using BronkoTest in patients with chronic respiratory 

diseases such as COPD and bronchiectasis provides both the patients and the physicians with a 

simple and noninvasive method for determining bacterial presence and the patients’ need for and 

likely response to antibiotic therapy. 
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peroxidase accumulation. Therefore, the purulence 

of sputum can be used as a gauge for bacterial 

infection, reflecting the likelihood of bacterial 

presence, as well as bacterial load, inflammation, 

and damaging potential of the secretions due to 

their proteolytic enzyme content.1 

The Anthonisen criteria say the presence 

of at least 2 of the following symptoms indicate 

that a condition will benefit from antibiotic 

treatment: increased dyspnea, sputum volume, and 

sputum purulence. However, purulence is a 

subjective term and not further defined.1 

According to the study of Daniels et al, sputum 

color assessed with a sputum color chart is a better 

marker for bacterial involvement than sputum 

color reported by patients.2  

The BronkoTest (Appendix), a 

standardized sputum color chart, was developed as 

a tool that aids in associating the patient’s normal 

chest-related symptoms with the changes that 

occur during an exacerbation. Sputum colors are 

graded 1 to 5, with the higher numbers 

corresponding with darker sputum color and 

associated with higher bacterial load. This 

facilitates the identification of a need for and likely 

response to antibiotic therapy.3 This study aims to 

determine the diagnostic accuracy of BronkoTest 

in detecting bacterial infection among patients with 

chronic lung diseases.  

  

METHODOLOGY 

This was a cross-sectional study 

conducted in the Philippine Heart Center (PHC) 

from January 2015 to January 2016. This study 

was reviewed and approved by the Institutional 

Ethics Review Board of PHC, and all the enrolled 

patients provided written informed consent. 

All admitted patients and outpatients aged 

18 years old and above; diagnosed with chronic 

lung diseases based on clinical history, spirometry, 

and chest radiography or computed tomography 

(CT) scan findings; and presenting with increasing 

sputum production were enrolled.   Those that  had 

undergone or were undergoing antibiotic 

treatment in the 4 weeks prior to the sputum 

color examination using BronkoTest were 

excluded. 

Upon consultation, demographic 

characteristics, ie, age, gender, body mass index 

(BMI), smoking history, and medication use, 

were collected. Fresh sputum samples were 

obtained and stored in transparent sterile 

containers. Samples containing more than 

minimal salivary contamination were discarded. 

The samples were simultaneously assessed by the 

doctor, patient, and nurse.  

Sputum samples were compared with the 

colors of the BronkoTest color chart. Each color 

has an assigned value: 1 (white) and 2 (opaque) 

reflect the nature of mucoid sputum, while 3 to 5 

reflect increasing degrees of yellow-green 

coloration and were interpreted as purulent. 

After macroscopic assessment, the 

sputum samples were Gram stained, and sputum 

samples with >25 polymorphonuclear (PMN) 

leukocytes and <10 squamous epithelial cells 

(SEC) per low-power field (LPF) were labeled as 

adequate specimens and representative of the 

lower airways. Subsequently, cultures were 

performed. Sputum samples with bacterial 

isolates were considered colonized, or positive 

for bacterial infection. 

Sample size was calculated using Epi 

Info version 7. The minimum sample size 

requirement was 91 based on the following 

parameters: level of significance of 0.05, 

maximum tolerable error of 10%, and a 

specificity of 39% based on the study of Daniels 

et al.2  

Data analysis was done using Stata SE 

13. Descriptive statistics include mean and 

standard deviation for quantitative variables, and 

frequency and percent distribution for qualitative 

variables. The prevalence of bacterial infection, 

the area under the receiver operating 

characteristic (ROC) curve, and the sensitivity,  
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Gram positive, Gram negative, or both, but 42% 

revealed no microorganisms. 

Five of 33 mucoid sputum cultures 

subsequently grew pathogens: 3 (60%) of the 5 

cultures revealed Klebsiella pneumoniae, 1 (20%) 

had Pseudomonas aeruginosa, and 1 (20%) had 

Acinetobacter baumannii. Among the 56 purulent 

sputum samples, 34 (61%) had positive culture 

results, of which 13 (38%) revealed K. 

pneumoniae, 7 (21%) had P. aeruginosa, 5 (15%) 

had Stenotrophomonas maltophilia, 3 (9%) had 

Streptococcus pneumoniae, 3 (9%) had 

Enterobacter cloacae, 1 (3%) had Streptococcus 

hemolyticus, 1 (3%) had Acinetobacter iwoffii 

(3%), and 1 (3%) had Staphylococcus aureus 

(Table 3). 

Purulent sputum was associated with 40 

of the 45 samples that were positive for bacteria. 

This result gave an overall sensitivity of 89%. 

However; some of the purulent samples had 

cultures that were negative for bacteria, giving a 

specificity of 63.69% (Table 4). 

An investigator, the patient, and a nurse 

graded each patient’s sputum sample using the 

color chart.  Agreement between  the  investigator 

specificity, positive predictive value, and negative 

predictive value of BronkoTest in detecting 

bacterial infection were estimated with 95% 

confidence level. Inter-rater reliability was 

measured using kappa test. 

Table 1 shows the demographic 

characteristics of the population. A total of 89 

patients were included. Eighty-five percent had 

COPD and 15% had bronchiectasis. According to 

the sputum color chart, 56 sputum samples (63%) 

were purulent: 44 from COPD patients and 12 

from patients with bronchiectasis. Eighty-four 

percent of the patients were maintained on inhaled 

corticosteroids (ICS). 

As demonstrated in Table 2, sputum 

samples were considered adequate in 73 out of 89 

subjects (82%) with >25 PMN/LPF. The 

investigator graded the sputum samples from the 

patients as follows: grade 1 or 2 (mucoid) for 33 

patients, grade 3 for 36 patients, grade 4 for 20 

patients, and grade 5 for 0 patients. Among the 

mucoid sputum samples, 21 showed >25 PMN 

cells/lpf, while 93% of the 56 purulent samples 

contained >25 PMN/lpf cells. Most of the purulent 

sputum  samples   yielded   organism   that  stained 
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Characteristics 
Mucoid 
 (n=33) 

Purulent 
 (n=56 ) P-value 

Age (years) 71.9±13.8 65.5±14.4 0.0403 

Sex 
Male (%) 
Female (%) 

  
26 (78.79) 
 7 (21.21) 

  
46 (82.14) 
13 (23.21) 

  
0.782 

BMI (kg/m2) 23.5±3.4 23.07±4.0 0.6473 

Smoking history (pack-years) 25.6±22  34.1±27.45 0.1346 

Medication use 
ICS + LABA (%) 
LAMA (%) 
SABA (%) 
LAMA + LABA (%) 

  
14 (42.42)  
11 (33.33)  
13 (39.39)  
 0 

  
40 (71.43) 
17 (30.36) 
 9 (16.07)  
 4 (7.14) 

  
0.013 
0.816 
0.021 
0.292 

Patients with COPD (%) 32 (97.0) 44 (78.57) 0.027 

Patients with bronchiectasis (%)  1 (3.0) 12 (21.43) 0.027 

COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroids; LABA, long-acting beta agonists; LAMA, long-acting 

antimuscarinics; PY, pack years; SABA, short-acting beta agonists. 

Table 1. Demographic Data 

BronkoTest for CLD 
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and the patient was 87.8% in the mucoid group 

and 93.3% in the purulent group. Agreement 

between the investigator and the nurse was 97% 

in purulent group and 98.2% in purulent group 

(Table 5). 

 

DISCUSSION 

In the current study, the  nature  of  spu- 

um was compared with a standard color chart, 

BronkoTest. This study demonstrates that a 

higher rate (61%) of bacterial growth is present in 

purulent samples, while 15% of mucoid samples 

also showed bacterial growth. Stockley et al 

reported that mucoid sputum yielded positive 

bacterial culture in 38% of 34 exacerbations but 

noted that  the bacterial   load was low and only 2 

Table 2. Sputum Characteristics and Gram Stain 

Variables (%) 
Grade 1a 

(n=15) 
Grade 2b 

(n=18) 
Grade 3c 
(n=36) 

Grade 4d 
(n=20) 

Grade 5e 
(n=0) 

Total 
(n=89) 

PMN/lpf 
>25 cells 
<25 cells 

  
9 (60.0) 
6 (40.0) 

  
12 (66.67) 
6 (33.33) 

  
32 (88.89) 
4 (11.11) 

  
20 (100) 

0 

  
0 
0 

  
73 (82.02) 
16 (17.98) 

Gram stain results 
None 
Gram + 
Gram – 
Both 

  
13 (86.67) 

1 (6.67) 
1 (6.67) 

0  

  
13 (72.22) 

1 (5.56) 
1 (5.56) 

3 (16.67) 

  
9 (25.0) 

8 (22.22) 
6 (16.67) 

13 (36.11) 

  
2 (10.0) 
8 (40.0) 
5 (25.0) 
5 (25.0) 

  
0 
0 
0 
0 

  
37 (41.57) 
18 (20.22) 
13 (14.61) 
21 (23.60) 

aWhite; bGray; cYellow; dYellow green; eGreen 

PMN, polymorphonuclear.cells; lpf, low-power field. 

Variables (%) 
Grade 1a 

(n=15) 
Grade 2b 
(n=18 ) 

Grade 3c 
(n=36 ) 

Grade 4d 
(n=20) 

Grade 5e 
(n=0) Total 

Culture 
No 
Yes 

  
13 (86.0) 
2 (13.33) 

  
15 (83.33) 
3 (16.67) 

  
11 (30.56) 
25 (69.44) 

  
5 (25) 
1 (75.) 

  
0 
0 

  
44 (49.44) 
45 (50.56) 

Bacterial isolate 
None 
Klebsiella pneumonia 
Pseudomonas 

aeruginosa 
Stenotrophomonas 

maltophilia 
Streptococcus 

pneumonia 
Enterobacter cloacae 
Streptococcus 

hemolyticus 
Acinetobacter iwoffii 
Staphylococcus aureus 
Acinetobacter 

baumannii 

  
13 (86.67) 
2 (13.33) 

0 
 

0 
 

0 
 

0 
0 
 

0 
0 
0 

  
15 (83.33) 

1 (5.56) 
1 (5.56) 

 
0 
 

0 
 

0 
0 
 

0 
0 

1 (5.56) 

  
15 (41.67) 
8 (22.22) 
5 (13.89) 

 
2 (5.56) 

 
1 (2.78) 

 
3 (8.33) 
1 (2.78) 

 
0 

1 (2.78) 
0 

  
7 (35.0) 
5 (25.0) 
2 (10.0) 

 
3 (15.0) 

 
2 (10.0) 

 
0 
0 
 

1 (5.0) 
0 
0 

  
0 
0 
0 
 

0 
 

0 
 

0 
0 
 

0 
0 
0 

  
50 (56.18) 
16 (17.98) 

8 (8.99) 
 

5 (5.62) 
 

3 (3.37) 
 

3 (3.37) 
1 (1.12) 

 
1 (1.12) 
1 (1.12) 
1 (1.12) 

Table 3. Sputum Color and  Culture results 

aWhite; bGray; cYellow; dYellow green; eGreen 
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 CONCLUSION 

Assessing sputum color using 

BronkoTest in patients with chronic respiratory 

diseases such as COPD and bronchiectasis 

predicts bacterial presence and provides both the 

patients and the physicians with a simple and 

noninvasive method to determine the need for 

and likely response to antibiotic therapy. 
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Table 5. Inter-observer Variability 

Sensitivity=88.89%; Specificity=63.69%; Positive Predictive Value=71.43%; Negative Predictive Value=84.8%. 

  Culture   
Type of Sputum (+) Growth (–) Growth Total 
Purulent 40 16 56 
Mucoid 5 28 33 
Total 45 44 89 

Table 4. Diagnostic accuracy 

patients deteriorated without antibiotics.1  

This study shows a sensitivity of 89% 

and specificity of 64%. The study of Daniels et 

al2 also used the 5-point sputum chart and 

showed 90% and 52% sensitivity and specificity, 

respectively. 
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patients who were maintained on ICS developed 
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human pulmonary host defense, acting through 
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sputum color and systemic inflammation. 
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