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ABSTRACT

Purpose: The objective of this study is to measure levels of nitrites in induced sputum in children with asthma and 
correlate it with clinical asthma parameters.
Method: This  prospective observational study was done in PGIMER, Dr. Ram Manohar Lohia Hospital,  New Delhi, 
on 91 children aged 7-18 years with mild and moderate persistent asthma. Patients were specifically evaluated for five 
clinical parameters of asthma (i.e. Days of acute exacerbations, use of salbutamol as rescue medication, emergency 
visits, nights with cough, days of school absence) and induced sputum nitrite levels was done at the time of enrollment 
and 3 months after treatment with inhaled budesonide.
Results: The mean age of subjects was 10.79 ± 2.563yrs. Six (6.59%) patients were not able to perform induced 
sputum, eighty five (93.41%) patients were suitable for data analysis. There was significant reduction in sputum 
nitrite levels from 33.42 ± 22.04nmol/ml at enrollment to 11.72 ± 5.61 nmol/ml (P < 0.0005) after 3 months of inhaled 
budesonide therapy. Significant positive correlation was found between reduction in sputum nitrite level and control of 
asthma symptoms: Days of acute exacerbations(r value = 0.548, P value = 0.0001), Days of salbutamol use as rescue 
medication (r value = 0.431, P value =< 0.0001), Number of emergency visits(r value = 0.414, P value = 0.0001), Nights 
with cough (r value = 0.259, P value = 0.0169), Days of school absence(r value = 0.411, P value = 0.0001). Sputum 
nitrite levels were significantly higher in moderate persistent asthmatics as compared to mild at the time of enrollment 
(P < 0.0005), which shows that induced sputum nitrite levels correlate with asthma severity.
Conclusions: This study confirms that nitrites in induced sputum correlate well with clinical asthma parameters and 
asthma severity in children and is a simple, non invasive, and cheap method which can be used as a parameter for 
monitoring of asthma.
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INTRODUCTION

A sthma is one of  the most prevalent chronic 
respiratory disease with a prevalence ranging 

from 1% to 16% of  the population in different 
countries[1] and 11.6% in school going children in 
Delhi.[2] Suppression of  airway inflammation and 
control of  asthma by inhaled steroid therapy remains 
an important goal of  asthma therapy.

Forced expiratory volume in the 1st s (FEV1) is 
generally recommended as the most valuable lung 
function outcome by asthma guidelines,[3] however, 
FEV1 and the severity of  asthma in children does 
not correlate.[4] With treatment, FEV1 normalizes 
and symptoms get controlled but airway inflammation 
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and even remodeling features persist in asthmatic children 
and adults,[5,6] suggesting that FEV1 measurements is 
not a marker of  ongoing airway inflammation and hence 
sub‑clinical disease.

Direct methods such as bronchoscopic biopsies and 
bronchoalveolar lavage fluid examination are specific 
and sensitive but are invasive methods to be used in the 
analysis of  airway inflammation in children.[7‑10] Cellular 
quantification in sputum samples[11,12] and exhaled nitric 
oxide (eNO) are direct noninvasive methods which 
are shown to be accurate markers of  asthmatic airway 
inflammation.[13] Sputum induction with hypertonic saline is 
a safe and easy technique, and analysis of  results are similar 
to results of  secretions obtained through the bronchial 
wash and bronchoalveolar lavage.[14]

eNO is a test which is sensitive and specific as a noninvasive 
marker of  allergic airway inflammation[15‑21] however, it is 
not an affordable and accessible method for developing 
countries. Nitric oxide (NO) metabolites, for example, 
nitrates and nitrites, in induced sputum have been evaluated, 
high levels of  which have been reported in adults and 
school children with asthma in comparison to controls.[22,23] 
However, correlation of  nitrites in induced sputum with 
clinical asthma parameters has not been fully studied.

Therefore, the present longitudinal study was planned 
with the aim of  assessing if  the levels of  nitrite in induced 
sputum decreases after inhaled budesonide therapy in 
asthmatic school children and correlates with clinical 
asthma parameters.

METHODOLOGY

This study was a prospective observational study 
conducted between November 2013 and December 2014 
in Department of  Pediatrics, PGIMER and Dr. Ram 
Manohar Lohia Hospital, which is a Tertiary Care Center 
in New Delhi. Ninety‑one cases of  mild to moderate 
persistent asthma aged 7–18 years were included. Patients 
attending pediatric chest clinic were screened for asthma 
and were diagnosed by history and spirometry (Vitalograph 
Mod‑6600): FEV1 >60% and FEV1 >12% reversibility 
after 10 min of  administration of  400 µg of  salbutamol 
metered dose inhaler through valved spacer.

A standardized questionnaire with demographic, 
anthropometric characteristics, and clinical asthma 
parameters during the last year (days of  acute exacerbations, 
days with salbutamol used as rescue medication, number 

of  emergency visits, nights with cough, and days with 
school absence due to asthma) was answered by the 
child and his/her parents.[24] Clinical severity of  asthma 
was classified according to Global Initiative for Asthma 
guidelines [Table 1].[25] Children who have received inhaled 
corticosteroid, nasal steroids or leukotriene modifying 
agents in previous 2 months and systemic steroids in last 
10 days,[8] children having respiratory tract infection 4 weeks 
prior to study, other chronic respiratory illness, children 
with major systemic illness, active tobacco consumption, 
those who are not able to use inhaler with spacer or 
perform spirometry, and those who refused to give consent 
were excluded from the study.

Induced sputum was then collected. Patients then received 
inhaled budesonide at a mean dose of  400 mcg/day 
delivered by metered‑dose inhalers with a valved spacer 
device[3] and inhaled salbutamol by metered‑dose inhaler as 
needed. Adherence to medication and clinical parameters 
were checked telephonically on weekly basis and follow‑up 
in pediatric chest clinic was done monthly. After completion 
of  3 months of  inhaled budesonide therapy clinical 
assessment, spirometry and sputum induction was repeated.

Method of  sputum induction

Patients were asked to come early morning for sputum 
induction. Patients were kept nil per oral 2 h before the 
sputum induction and not eat lettuce, Chinese food nor 
drink carbonated beverages 12 h prior. Patients were asked 
to rinse mouth and blow nose to minimize contamination 
with saliva and postnasal drip.[24] After a premedication with 
400 µg of  salbutamol metered dose inhaler via valved spacer, 
an inhalation with 4 ml of  3% saline solution in aerosol 
generated by a ultrasonic nebulizer (Multisonic LS290) was 
delivered via a face mask for a maximum of  30 min. Patients 
were encouraged to cough deeply and expectorate sputum 
every 5 min during saline inhalation until adequate sample 
was obtained (1.5 ml). The sputum sample was collected in a 
sterile plastic container.[26] FEV1 was repeated after induction 
and if  it fell below 20% of  first value saline inhalation was 
discontinued and the child was required to wait until it 
returned to baseline. The sputum samples were stored at 4° 
C for not more than 2 h before further processing.[27]

Table 1: Classification of asthma into mild and 
moderate persistent
Mild persistent asthma Moderate persistent asthma

Day symptoms >1 week but <1 day Symptoms daily

Nocturnal symptoms >2 months Nocturnal symptoms >1 week

FEV1 ≥80% predicted FEV1 60-80% predicted

FEV1: Forced expiratory volume in 1 s (source: original)
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Sputum processing

Sputum sample was diluted with equal volume of  
phosphate buffered saline containing 10 mmol/l of  
dithiothreitol in an equal volume, gently vortexed at room 
temperature and centrifuged for 10 min. The supernatant 
was stored at −7°C for subsequent Griess assay.[27] Griess 
assay was performed for all the samples at the end of  the 
study as a single batch.

Nitrite assay

It was performed by using an NO Colorimetric Assay 
Kit (MBL Catalog No. JM‑K262‑200) which works on the 
principle of  Griess reaction (Costing Rs. 200 per sample).

Principle of  Griess reaction

Griess reaction relies on a simple colorimetric reaction 
between nitrites, sulphanilamide and N‑(1‑naphthyl) 
ethylenediamide to produce a pink/magenta azo‑product 
with a maximum absorbance at 543 nm.

Method of  sputum nitrite measurement

85 µl of  sample supernatant was added to each well to 
which 5 µl of  enhancer was added. The plate was incubated 
for 10 min at room temperature. Greiss reagent1 (0.2% 
sulfanilamide dissolved in 5% phosphoric acid) and Griess 
reagent 2 (0.2% naphthylethylene‑diamine‑dihydrochloride) 
was added to each well 50 µl each. This was incubated 
for 10 min at room temperature for color development. 
Absorbance was read at 540 nm using a plate reader. 
Absorbance was plotted as a function of  nitrite 
concentration in nmol.

Nitrite concentration was measured by using the formula: 
Nitrite concentration = (sample absorbed/slope of  the 
standard curve)/85.

Results were expressed in nmol/L.

Ethical clearance

Ethical clearance was taken from Institutional Ethics 
Committee vide reference number 10280 dated November 
11, 2013.

Statistical analysis

Data were analyzed using IBM corp.Released 2012.IBM SPSS 
stastitics for windows version 21.0, Armonk, NY:IBM corp. 
Continuous variables were presented as mean ± standard 

deviation and median ± interquartile range and categorical 
variables were presented as a percentage. Continuous variables 
were tested by Mann–Whitney U‑test for nonparametric data 
and by independent t‑test for parametric data. Dichotomous 
variables were tested by Fisher’s exact test or Chi‑square 
test. For correlation between different variables, Spearman’s 
correlation was used. P < 0.05 was taken as significant.

RESULTS

In the present study, a total of  91 children aged between 
7 and 18 years were enrolled. The study group comprised 
of  all newly diagnosed cases of  mild to moderate 
persistent asthma who met the inclusion criteria. These 
patients were given treatment with inhaled budesonide 
at the mean dose of  400 µg and were followed for 3 
months. Induced sputum was done before initiation 
of  budesonide therapy and after 3 months of  inhaled 
budesonide therapy. Six children (6.59%) were not able 
to perform induced sputum. Hence, only 85 (93.41%) 
patients were suitable for data analysis. Nitrite levels 
sputum were measured. Furthermore, clinical parameters 
of  asthma (days of  acute exacerbation, days of  
salbutamol use, number of  emergency department 
visits, number of  nights with cough, and days of  school 
absence) were enquired at the time of  enrollment and 
then telephonically on weekly basis from the patient and 
on monthly visits. FEV1 levels were measured at the 
time of  asthma diagnosis and after 3 months of  inhaled 
budesonide therapy.

None of  the patients suffered any acute side effects after 
sputum induction. Average time taken to produce an 
adequate sample in patients was 10.65 ± 1.69 min.

Sixty‑four cases (70.37%) were classified as mild whereas 
27 (29.7%) were moderate persistent asthmatics. Demographic 
profile of  the subjects were noted [Table 2]. The levels of  
induced sputum nitrite were high at the time of  enrollment, 
and the values were more in moderate than mild persistent 
asthmatics. The reference value was taken from an Indian 
study done by Kumar et al., where controls were used.[26]

There was a significant reduction in sputum nitrite levels 
after 3 months of  inhaled budesonide therapy in both 
mild and moderate persistent asthmatics (<0.0005) 
[Tables 3 and 4].

Significant positive correlation was found between 
reductions in sputum nitrite levels with control of  clinical 
asthma parameters [Table 5]. There was a significant 
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Table 3: Induced sputum nitrite levels at the 
time of enrollment and after 3 months (n=85)
Markers Mean±SD P

At enrollment After 3 months

Sputum nitrite (nmol/ml) 33.42±22.04 11.72±5.61 <0.0005

Test name: Wilcoxon ranked sum test. Sputum nitrite levels reduced significantly 
after 3 months of inhaled corticosteroid therapy. SD: Standard deviation (source: 
original)

Table 4: Induced sputum nitrite levels in mild 
and moderate persistent asthma at the time 
of enrollment and after 3 months of inhaled 
steroid therapy
Sputum nitrite 
(nmol/ml)

Mean±SD P

Mild persistent 
(n=61)

Moderate 
persistent (n=24)

At enrollment 24.16±12.74 56.97±23.34 <0.0005

After 3 months 11.29±5.29 12.82±6.35 0.2615

Test name: Mann‑Whitney test. A significant difference was present in sputum 
nitrite levels between mild and moderate persistent asthma at the time of 
enrollment but not after 3 months of inhaled steroid therapy. SD: Standard 
deviation (source : original)

Table 5: Correlation of decrease in nitrite 
levels in induced sputum with improvement in 
clinical asthma parameters after 3 months of 
inhaled steroid therapy
Improvement in asthma symptomsa Decrease in sputum 

nitrite level

r P

Days of acute exacerbations 0.548 0.0001

Days of salbutamol use as rescue medication 0.431 <0.0001

Number of ED visits 0.414 0.0001

Nights with cough 0.259 0.0169

Days of school absence 0.411 0.0001

Test name: Spearman correlation, aBetween enrollment (per month in the 
last year) and after 3 months of inhaled steroid therapy. A significant positive 
correlation was seen between reduction in sputum nitrite levels and improvement 
in clinical asthma parameters after 3 months of inhaled steroid therapy. 
r: Spearman’s rho, ED: Emergency department (source: original)

Table 6: Correlation of improvement in FEV1% 
with reduction in sputum nitrite levels after  
3 months of inhaled steroid therapy
Change in spirometry findingsa Change in sputum nitrite 

levels (nmol/ml)

r P

FEV1 (%) −0.262 0.0153

Test name: Spearman correlation, aBetween enrollment (per month in the last year) 
and after 3 months of inhaled steroid therapy. Significant negative correlation was 
found between reduction (from baseline to the end of study) of sputum nitrite levels 
and improvement in FEV1. r: Spearman’s rho, FEV1: Forced expiratory volume in 1 s 
(source : original)

Table 2: Demographic profile of patients
Parameter (n=91) Mean±SD (%)

Age (year) 10.79±2.563

Height (cm) 138.34±14.905

Weight (kg) 30.81±9.291

BMI (kg/m2) 15.79±2.561

Gender (male) 58 (63.7)

Nutritional status*

Normal 64 (70.3)

Overweight 8 (8.8)

Thinness 12 (13.2)

Severe thinness 7 (7.7)

Type of asthma

Mild persistent 64 (70.3)

Moderate persistent 27 (29.7)

Family history of allergy** (present) 44 (48.4)

Passive exposure to tobacco smoking (present) 31 (34.1)

Daytime symptoms (number of days/month) 15.53±8.167

*Nutritional status was classified in normal, overweight, obese, thinness and severe 
thinness according to WHO criteria, **Bronchial, nasal and skin allergy, mean 
age of patients was 10.79±2.563 years with 70.3% patients had normal nutritional 
status. The family history of allergy was present in 48.4% patients, and 34.1% had a 
history of exposure to passive tobacco smoke. SD: Standard deviation, WHO: World 
Health Organization, BMI: Body mass index (source : original)

negative correlation between FEV1 percentage predicted 
with sputum nitrite levels [Table 6].

DISCUSSION

FEV1 is generally recommended as the most valuable lung 
function outcome by asthma guidelines,[3] however, FEV1 
and the severity of  asthma in children does not correlate.[4,28] 
With treatment, FEV1 normalizes, and symptoms get 
controlled, but airway inflammation and even remodeling 

features persist in asthmatic children and adults,[5,6] 
suggesting that FEV1 measurements is not a marker of  
ongoing airway inflammation and hence sub‑clinical disease. 
Various methods used for assessing airway inflammation 
have been studied including invasive techniques such as 
bronchoscopic biopsies and bronchoalveolar lavage fluid 
examination[7‑10] and noninvasive ones such as sputum 
cytologic analysis,[29,30] eNO[21] and NO metabolites[22,23] in 
induced sputum. Of  these, induced sputum nitrite levels 
are an easy, nonexpensive and noninvasive method of  
assessment of  airway inflammation. However, correlation 
of  nitrites in induced sputum with clinical asthma 
parameters has not been fully studied.

Few studies in adults and fewer in children have been 
conducted in past using nitrate metabolites as a marker of  
airway inflammation and have studied their use in monitoring 
of  asthma patients. To the best of  our knowledge, there is 
no Indian study which has studied the correlation between 
induced sputum nitrite levels and clinical asthma parameters 
in the pediatric population. There is only one study 
worldwide which has studied this correlation.[24]

In our study, we found that induced sputum nitrite levels 
were high in cases at enrollment, and there was statistically 
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significant reduction in this parameter after 3 months of  
inhaled budesonide therapy [Tables 3 and 4]. Mean levels 
of  sputum nitrite was 33.42 ± 22.04 nmol/ml at the time 
of  enrollment which reduced significantly to value of  
11.72 ± 5.61 nmol/ml (P < 0.0005) after 3 months of  
inhaled budesonide therapy. Reduction in sputum nitrite 
levels after treatment with inhaled corticosteroids were 
seen in studies conducted previously[22,24,26,27] however, the 
sample size in these studies were small.

In a study conducted by Kumar et al.[26] the levels of  induced 
sputum nitrite continued to be higher than controls even after 
6 weeks of  anti‑inflammatory therapy while nitrite levels were 
similar to controls in the study done by Castro‑Rodriguez 
et al., at the end of  study who gave treatment for 3 months. 
Hence, we have given therapy for 3 months.

A significant positive correlation was found between the 
reduction in sputum nitrite levels with the improvement 
in clinical asthma parameters (i.e., days of  acute 
exacerbations, use of  salbutamol as rescue medication, 
emergency visits, nights with cough, and days of  school 
absence) after 3 months of  treatment [Table 5]. Similar 
results were found in a recent study conducted by 
Castro‑Rodriguez et al.[24] However, in our study number 
of  cases who completed the study were 85 as compared 
to the latter where it was 62.

In the present study, patients were treated with budesonide 
for 3 months with a metered dose inhaler with a valved 
spacer which is an advantage over other studies[24,26] who 
have not used valved devices.[3]

On subgroup analysis of  these patients we found that 
children with moderate persistent asthma had significantly 
higher values of  sputum nitrite levels than children 
with mild persistent asthma at the time of  enrollment 
(56.97 ± 23.34 nmol/ml vs. 24.16 ± 12.74 nmol/ml, 
P < 0.0005) but the levels were almost similar at the end of  
treatment (12.82 ± 6.35 nmol/ml vs. 11.29 ± 5.29 nmol/ml, 
P = 0.2615). This concludes that induced sputum nitrite 
levels correlate well with severity of  asthma. Similarly, 
nitrite levels were found to be higher with increasing asthma 
severity at enrollment in other studies.[22,26,27] This is in 
contrast with a study conducted by Castro‑Rodriguez et al.[24] 
in 2014, who found no significant difference in median levels 
of  sputum nitrite in mild and moderate persistent asthma 
children both at the time of  admission (34.2 nmol/ml vs. 
39.4 nmol/ml, P = 0.36) and after 3 months of  inhaled 
beclomethasone therapy (10.9 nmol/ml vs. 11.4 nmol/ml, 
P = 0.56). The author has not given any explanation to 
this variation.

We found that reduction in induced sputum nitrite levels had 
a significant positive correlation with the improvement of  
clinical asthma parameters acute exacerbations (r = 0.548, 
P < 0.0001); use of  salbutamol (r = 0.431, P < 0.0001); 
emergency visits (r = 0.414, P = 0.0001); school absence 
(r = 0.411, P = 0.0001); and nights with cough (r = 0.259, 
P = 0.0169) after 3 months of  treatment with budesonide 
metered dose inhaler in children with mild and moderate 
persistent asthma. Days of  acute exacerbations, salbutamol 
use, emergency visits, and school absence have a more 
significant correlation with sputum nitrite levels than nights 
with a cough. A similar reduction was seen in a study done 
by Castro‑Rodriguez et al.[24] However, in their study a 
negative correlation was seen between sputum nitrite levels 
and nights with a cough (r = −0.018, P = 0.9) which was 
not significant.

We found that there was a significant negative correlation 
between change in sputum nitrite levels and FEV1 after 
3 months of  inhaled steroid therapy in children with mild 
and moderate persistent asthma. No study until the date 
has been done to study the correlation of  induced sputum 
nitrite levels with FEV1 in asthmatic children. However, 
few adult studies have shown similar results.[31,32]

Nitrite in induced sputum is an upcoming area of  research 
in asthmatic children. Sputum induction is an easy method 
of  obtaining samples for laboratory testing than invasive 
techniques like bronchoalveolar lavage. In addition, nitrate 
metabolites are direct markers of  airway inflammation and 
its measurement is cheaper as compared to other markers 
like a fraction of  exhaled nitric oxide measurement. Only, a 
few studies have been conducted until date to evaluate the 
role of  sputum nitrite in measuring airway inflammation and 
monitoring of  asthma treatment. Therefore, the current study 
is a landmark Indian study with larger sample size evaluating the 
role of  sputum nitrite in the monitoring of  asthmatic children.

Strengths of  our study

• Sample size is more than all the previous conducted 
studies

• Applicable to general population as the method 
used are simple, noninvasive and cost‑effective for 
monitoring of  control of  asthma

• First Indian study which studies the correlation 
between induced sputum nitrite levels with clinical 
asthma parameters.

Limitations of  the study

Controls were not included in our study.
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CONCLUSIONS

This study confirms that nitrites in induced sputum 
correlate well with clinical asthma parameters in children 
with mild and moderate persistent asthma and also with 
asthma severity. It is a simple, noninvasive and cheap 
method which can be used as a parameter for monitoring 
of  asthma.
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