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Abstract: The relationship between infection and asthma is complex. In established asthma, common viral 

agents, such as rhinovirus, frequently trigger exacerbations, Non tuberculous mycobacterial infection 

(NTM),Mycoplasma pneumoniae or Chlamydia may account for some phenotypes of persistent asthma.Atypical 

mycobacteria are the biologically distinct from Mycobacterium Tuberculosis, Mycobacterium Bovis and 

Mycobacterium Leprae. They are also referred to as the environmental mycobacteria. Human lung disease most 

commonly due to MAC ,M.Kansasi (25%).Pulmonary infections are more common in immunocompromised  

patients and in patients with pre-existing  lung disease where there are structural deformity like bronchiectasis , 

cystic fibrosis ,COPD, Bronchial asthma, Lung Cancer, and silicosis  

Keywords: Refractory asthma, chronic airway inflammation, Non tuberculous mycobacterial  (NTM), 

 

I. Material And Method 
Hospital based observational case control study. Patients having clinical history suggestive of bronchial 

asthma and fulfilling the   diagnostic criteria of difficult to control asthma were included in the study. Each case 

was matched with two control subjects. Control subjects were chosen as the next two consecutive patient with 

difficult to asthma attending department of respiratory medicine with difficult to control asthma. Eligible 

patients after a written informed consent were subjected to a routine clinical examination, blood investigation, 

chest x-ray, spirometry  and contrast enhanced CT with high resolution cuts . Mycobacterial culture of 2 

consecutive sputum or bronchoalveolar fluid by MGIT method, including species identification  by of the 

genotype. 

Clinical and microbiological criteria for diagnosing non tubercular mycobacterial lung diseases(both required) 

 

Clinical  

1 Pulmonary symptoms, clinical examination and infiltration, nodular or cavitary opacities on chest radiograph 

or a high resolution computed tomography scan that shows multifocal bronchiactesis with multiple small nodule 

2 Appropriate exclusion of other diagnosis. 

 

Microbiological 

possible culture results from at least two separate expectorate sputum sample, if the result from (1) are 

nodiagnostic, consider repeated sputum AFB examination smear and culture or 2 Positive culture result from at 

least one bronchial wash or lavage or Trannsbronchial or other lung biopsy with mycobacterial histopathologic 

feature (granulomatous inflammation or AFB) and one or more sputum or bronchial washings that are culture 

positive for NTM. Expert consultation should be obtained when NTM are recovered that are either infrequently 

encountered or that usually represent environmental contamination. Patients who are suspected of having NTM 

lung disease but do not meet the diagnostic criteria should be followed until the diagnosis is firmly established 

or excluded.  

 

Statistical Analysis: 
For the test of normality The Kolmogorov-Smirnov test is used as (P value >0.05) were observed in 

body mass index and FEV1 data, which showed the normal distribution. While other variable like age, age at 

onset of asthma, duration of asthma, inhaled corticosteroid dose (ICS), duration of ICS, FEV1, FEV1/FVC were  

not found normally distributed. The data were analyzed in SPSS version 20.0 statistical software, Primer and 

MS Excel. 
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II. Results 
Table-1 

Age wise distribution of the study population 
Age group(yr) Total (n=60) Case (n=20) Control 

(n=40) P value 

 No. No. % No. % 
  

<40 7 0 0 7 17.5 

P = 0.000 HS 40-60 35 6 30 29 72.5 

 

>60 18 14 70 4 10 

 

Chi Square Test, 23.629 with 2 degree of freedom 

 
 

Table 1 shows age wise proportion of the subjects   were more in >60 yrs (70 %) of age  among the cases as 

compared to  control, while subjects  were more in 40 to 60 yrs (72.5%) of the age groups in controls. 

(P<0.001HS) 

 

Table-2 Sex wise distribution 
Sex Total (n=60) Case (n=20) Control (n=40) P Value 

  No. % No. % 
 Female 32 14 70 18 45 

P = 0.120NS      Male 28 6 30 22 55 

 

Chi Square Test 2.419 with 1 degree of freedom 

 
Table 2 shows sex proportion of female (70%) was more as compare to male(30%) among cases, while in 

controls 18 (45%) were female and 22(55%) were male. 
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Table - 3  Age of onset of asthma in study population 
Age(years) of onset 
of Asthma 

Total(n=60) Case(n=20) Control(n=40) P Value 

 
No. % No. % 

 
<40 37 8 40 29 72.5 

P = 0.031 S 
40 to 60 23 12 60 11 27.5 

 

Chi Square Test, 4.662 with 1 degree of freedom 

 
 

Table 3 shows age of onset of asthma in cases 40 to 60 yrs (60%) of the age groups more in cases and more 

number of controls had onset before 40 year (72.5 %) of age and this difference was significant. (P = 0.031 S) 

 

Table-4 Duration of Asthma in study population 
Duration of 
Asthma(years) 

Total(n=60) Case(n=20) Control(n=40) P Value 

 
No. % No. % 

 
<10 18 0 0 18 45 

P = 0.000HS 
10 to 20 29 8 40 21 52.5 

21 to 30 9 8 40 1 2.5 

>30 4 4 20 0 0 

 

Chi Square test, 29.931 with 3 degree of freedom 

 
 

Table 4 shows duration of asthma in cases and controls. In cases 8 (40%) patients each had asthma 

duration of 10 -20 years and 8 (40%) patient 21-20 year remaining 4 patients had > 30 years. Duration of asthma 

was significantly longer among the cases as compare to controls. (p<0.01) 
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Table 5 History of Anti tubercular treatment 
History of 

ATT 

Total 

(n=60) 
Case (n=20) Control (n=40) P Value 

No. No. % No. % LS 

Absent 51 14 70 37 92.5 

P = 0.055 Present 9 6 30 3 7.5 

 

Chi Square Test, 3.676 with 1 degree of freedom 

 
 

Table 5.Shows in cases 6(30%) patient had a history of past antitubercular treatment while in control 

groups 3(7.5%) patient had a history antitubercular treatment. No significant difference was observed according 

to history of antituberular treatment among study population. 

 

Table 6 Smoking history in study population 

History of Smoking 

Total 

(n=60) 
Case (n=20) Control (n=40) P Value 

 
No. % No. % 

 
Smoker 5 0 0 5 12.5 

P = 0.165 ex -smoker 15 4 20 11 27.5 

Non smoker 40 16 80 24 60 

 

Chi Square Test,   3.600 with 2 degree of freedom 
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Table 6 shows in case group 4 (20%) were exsmoker and 16(80%) were non smoker, while in controls 

5 (12.5%) were smoker, 11(27.5%) exsmoker and 24(60%) non smoker.  No significant difference was observed 

in smoking status between cases and controls; most patients were lifetime nonsmokers or former smokers.  

 

Table 7 past hospital admission in last one year in study population 
Past H/o hospital 

admission 

Total(n=60) Case(n=20) Control(n=40) Chi Square Test 

 
No. % No. % P Value 

1 10 7 35 3 7.5 

P = 0.000 

2 3 3 15 0 0 

Not 47 10 50 37 92.5 

 

Chi Square Test, 15.124 with 2 degree of freedom 

 
 

Table 7 shows past history of hospital admission in cases and controls. Among cases 7  (35%) had  

once  hospitalization ,3 patient  (15%) had twice  and 10 patient had no past history of hospitalization, while in 

controls 37(92.5%) had no history of hospitalization , 3 (7.5%) had once hospitalization. Past history of hospital 

admission was significantly more in cases as compared to controls (p value >.001). 

 

Table- 8   Exacerbation of asthma / year in study population 

Exacerbation/per year 

Total (n=60) Case (n=20) 
Control 

(n=40) 
P Value 

 
No. % No. % 

 
0 33 7 35 26 65 

P = 0.017 S 
1 18 6 30 12 30 

2 7 5 25 2 5 

3 2 2 10 0 0 

 

Chi Square Test, 10.753 with 3 degree of freedom 
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Table 8 shows number of exacerbations/year in cases and controls. Among cases 6(30%) had 1 

exacerbation/year, 5(25%) had 2 exacerbation/ year and 2 (10%) had 3 exacerbation/per year. Majority of the 

controls 26/40 (65%) did not have any exacerbation and 12(30 %) and 2 (5%) had one and two exacerbation 

respectively and none of the control subjects had 3 exacerbation/year. Cases had significantly more 

exacerbations / year as compare to controls. 

 

Table -9 History of allergy in study population 

Allergy history 

Total(n=60) Case(n=20) Control(n=40) P Value 

 
No % No. % 

 
Yes 7 0 0 7 17.5 

P = 0.118 
No 53 20 100 33 82.5 

 

Chi Square Test, 2.446 with 1 degree of freedom 

 
 

Table 9 shows history of allergy in case and control groups. No significant difference was observed 

according to history of allergy among cases and controls. (P>0.05NS) 

 

Table -10   Type of inhaled corticosteroid 

Inhaled corticosteroid 

Total 

(n=60) 
Case (n=20) Control (n=40) P Value 
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Fluticasone 22 11 55 11 27.5 

P = 0.091 

Beclomethasone 13 4 20 9 22.5 

Budesonide 25 5 25 20 50 

 

Chi Square Test, 4.788 with 2 degree of freedom 

 
Table 10 shows type of inhaled corticosteroids used by cases and controls. In cases 11(55 %) were 

using fluticasone, 4 (20%) were using beclomethasone, and 5 (25%) were using budesonide, while in controls 

11(27.5%) were using fluticasone, 9(22.5%) beclomethasone and 20(50%) were using budesonide.   No 

significant difference was observed according to type of inhaled corticosteroid were used among cases and 

controls. (P>0.05NS) 

 

Table 11    Duration of Inhaled corticosteroid (ICS) 
Duration of  ICS n Mean(years) P Value  

     Case 20 15.05± 4.915 

0.000     Control 40 5.00±3.457 

    Total 60 8.35±6.205 

 

 
 

Table 11 shows duration of inhaled corticosteroid used by cases and controls. Mean duration of inhaled 

corticosteroid  in cases was  15.05± 4.915 year and in controls 5.00 ± 3.457 years .Cases  had  a mean duration 

of  inhaled corticosteroids significantly longer period of time, (P<0.001HS) as compare to controls. 

 

Table – 12 Use of Short acting beta 2 agonist (SABA) 

 

Total 
(n=60) 

Case(n=20) 
Control 
(n=40) 

P Value 

SABA 
 

No. % No. % 
 

Yes 33 10 50 23 57.5 

 No 27 10 50 17 42.5 P = 0.783 
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Chi Square Test, 0.076 with 1 degree of freedom 

 
 

Table 12 show use of short acting beta 2 agonist in cases and controls. Among case 10(50%) were 

using short acting beta 2 agonist, while in controls 23(57.5 %) were using short acting beta 2 agonist. No 

significant difference was observed according to use of short acting beta 2 agonist among cases and controls 

(P>0.05NS) 

 

Table -13   Use of Long acting beta 2 agonist (LABA) 

 

Total(n=60) Case(n=20) Control(n=40) P Value 

LABA 
 

No. % No. % 
 

Formetrol 24 7 35 17 42.5 

P=0.26 Salmetrol 19 8 40 11 27.5 

not used 17 5 25 12 30 

 

Chi Square Test 

 
 

Table 13 shows use of long acting beta 2 agonist, among cases 15 (75%) were using long acting beta 2 

agonist ,while in control groups 28(70%) were using long acting beta 2 agonist .No significant difference was 

observed according to use of  long acting beta 2 agonist .(P>0.05NS) 

 

Table 14 Distribution according to use of SABA plus LABA 

 
Case(n=20) Control(n=40) P Value 

 
No. % No. % 

 

No 15 75 29 72.5 

P = 0.918 Yes 5 25 11 27.5 

 

Chi Square Test,   0.011 with 1 degree of freedom 
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Table 14 shows distribution of subjects according to uses of short acting plus long acting beta 2 

agonist. In case group 5 (25%) were using both short acting plus long acting beta 2 agonist,  while in control 

groups 11(27.5%) were using short acting plus long acting beta 2 agonist . No significant difference was 

observed according to use of short acting plus long acting beta 2 agonist. (P>0.05NS) 

Table 15 Oral steroid use in study population 

 
Total(n=60) Case(n=20) Control(n=40) P Value 

Oral   steroid 
 

No. % No. % 
 

Yes 15 12 30 3 7.5 

P = 0.001 No 45 8 20 37 92.5 

 

Chi Square Test, 16.900 with 1 degree of freedom 

 
 

Table 15 shows oral steroid use among cases 12 (60%) were using oral steroid while in controls 3 

(7.5%) were using oral steroids. Oral steroids were significantly more used in cases as compared to controls. 

(P<0.001HS) 

 

Table 16 Distribution of symptoms in study population 

Symptoms 
Total 

(n=60) 
Case (n=20) Control (n=40) P Value 

 
 

No % No. % 
 

Fever 17 14 70 3 7.5 P =   0.000 

Cough 60 20 100 40 100 NS 

Expectoration 55 20 100 35 87.5 P = 0.248 

Shortness of breath 60 20 100 40 100 NS 

Loss of weight 6 5 25 1 2.5 P =0.022 
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Loss of Appetite 7 5 25 2 5 P =  0.065 

 

Chi Square Test 

 
Table 16 shows symptoms in cases and controls. The most common symptomatic changes in cases 

were cough, expectoration and shortness of breath these were present in (100%) cases .Significantly higher 

proportion of fever (70%) and loss of weight (25%) were observed in cases   as compared to controls. 

 

Table 17 Mean FEV1/FVC percentage in study population 
FEV1/FVC (%) n Mean P Value LS 

Case 20 63.95± 6.909 

0.159NS Control 40 66.79 ±7.396 

Total 60 65.83± 7.302 

 

 
 

Table 17 shows percentage FEV1/FVC ratio in cases and controls. Although slight lower mean seen in 

cases (63.95±6.909) as compared to controls (66.79±7.396). No significant difference was observed according 

to mean FEV1/FVC in both the groups. 

 

Table 18    Mean FEV1 (% predicted) in study population 
FEV1 (% predicted) n Mean P Value LS 

Case 20 52.53± 13.381 

0.001HS Control 40 69.58 ±11.115 

Total 60 64.08 ± 14.254 
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Table 18shows mean FEV1 (% predicted) in cases and controls. Significantly lower mean FEV1 (% 

predicted) (52.53±13.381) was observed in case  as compare to controls (69.58±11.115). 

 

 

Table 19 Chest x ray findings 

Chest X Ray 

Total (n=60) Case (n=20) Control (n=40) P Value 

 
No % No. % 

 
Infiltration 15 15 75 0 0 P = 0.000 

Cavity 2 2 10 0 0 P = 0.204 

Old Healed Lesions 33 3 15 30 75 P = 0.140 

B/L Hyperinflation 10 0 0 10 25 P = 0.530 

                             

Chi Square Test 

 
 

Table 19 show chest x ray findings in cases and controls. In chest X ray , Infiltration was most  

common findings , among cases,75% patients had infiltrations followed by old healed lesion (15%) and cavity 

(10%) only infiltrations was significantly higher finding in cases as compared to controls. 

 

Table 20 High resolution CT thorax finding in study population 
Findings Total Case (n=20) Control (n=40) P Value 
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(n=60) 

 
 

No % No. % 
 

Bronchiectasis 14 9 45 5 12.5 P = 0.013 

Infiltrations 20 16 80 4 10 P = 0.000 

Nodular 20 16 80 4 10 P = 0.001 

Cavity 3 2 10 1 2.5 P = 0.530 

 

Chi Square Test 

 
 

Table 20 shows HRCT finding in cases and controls .In Chest CT scan abnormalities , predominant 

features were nodules and infiltration(80% in each) followed by  bronchiectasis (45%) in all patients among the 

case group  and all above three findings were significantly more in cases as compared to controls.(P<0.001HS) 

 

Table 21 Distribution according to lobes involved 

 

Total (n=60) Case (n=20) Control (n=40) P Value 

 
 

No % No % 
 

Upper lobe 13 8 40 5 12.5 P = 0.035 

Middle Lobe 16 12 60 4 10 P = 0.000 

Lower Lobe 11 6 30 5 12.5 P = 0.194 

Lingular Lobe 3 2 10 1 2.5 P = 0.530 

 

Chi Square Test 

 
 

Table 21  shows distribution of lobe involved in cases and controls. Chest CT scan abnormalities 

predominated in the middle lobes in 16(26.7%), upper in 13(21.7%), in the lower lobes in 11 (18.3%) and 

lingula in two (5%) cases. Proportions of the cases were significantly more in upper lobes and middle lobe as 

compared to controls. 
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Table-22 Distribution according to Mycobacterial species 
Mycobacteria Species n=20 % 

M. Avium 12 60 

M.intracellulare 4 20 

M.kansasi 2 10 

M.xenopi 2 10 

Total 20 100 

 

 
 

 

Table 22 shows distribution according to mycobacterial species. Twelve (60%) patients were infected 

with Mycobacterium avium complex (MAC), and four (20%) with Mycobacterium intracellulare and 10% each 

M. xenopi and Kansasi; no patient was infected with combination of any two speci 

 

III. Discussion 
Difficult-to-control asthma can be defined as that which is ―inadequately or poorly controlled despite 

an appropriate therapeutic strategy that is adjusted to clinical severity
19

. The English-language literature tends to 

contain a variety of terms—including ―refractory asthma‖, ―difficult-to-control asthma, and difficult/therapy-

resistant asthma to define this most severe type. The prevalence of difficult-to-control asthma is not known with 

any degree of accuracy. In the literature, it is usually suggested to be around 5% of all patients with asthma
22,23, 

Symptomatic disease due to NTM is known to occur commonly in the presence of structural lung disease, such 

as COPD, bronchiectasis, cystic fibrosis, and pneumoconiosis.
 
Structural changes in asthma like smooth muscle 

hypertrophy, thickening of basement membrane, mucus glands hypertrophy, edematous sub mucosa, and 

stratified non –ciliated structure with prominent goblet cells epithelium make asthma behave like a structural 

lung disease and may make it prone to NTM infection.
24

Allergic bronchopulmonary aspergillosis (ABPA)
 
  is a 

known factor of any severity of asthma ,Most patients with ABPA are troubled by poorly controlled asthma
25

 . 

Although  asthma is one of the common and wide spread chronic respiratory disease in the world, but 

NTM infection of the lungs have not been described in association with asthma, nor it is considered in the 

investigation of severe or difficult-to-control asthma.However bronchopulmonary fungal infection is a well 

known factor in difficult to control asthma
26

.In our study 60 patients were included in which 20 were case and 

40 were control. Among case 14 (70%) were female and 6 (30%) were male while in control 18(45%) were 

female and 22(55%) were male. Most of the case had age more than 60 year. The mean age of case and control 

patients was 63.5±6.4 years, and 44.6±9.131 years respectively.Various study have shown that male sex is a risk 

factor for asthma in children prior to the age of 14, the prevalence of asthma is nearly twice as great in boys as 

in girls. As children get older the difference between the sex narrows, and by adulthood the prevalence of 

asthma is greater in women than in men. The reason for this sex difference is not clear. However lung size is 

smaller in males than in female at birth but larger in adulthood 
27 

(GINA12), as in our study out of 60 subjects, 

32 were female and 28 were male. Therefore in our study more subjects were female. In our study mean age of 

onset of asthma in case were 39.60±6.573 year while in control group mean age of onset were 35± 6.228 year. 

Mean age at onset of asthma  were higher in cases  than control which is significant.( P=0.028S), this can be 

explained by the fact that it adult onset asthma is non-atopic, more severe and associated with a faster decline in 
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lung function
28

 so as case were more older than controls has more chance of NTM infection in case groups. 

Various studies show that asthma that starts in adulthood differs from the age at diagnosis determining the term 

adult –onset asthma varies from 12 years of age to 65 years of age.
 
 Dduration of asthma in case had 

significantly longer (23.70± 7.787 year) as compared to control (9.10± 5.128 year), in which found that more 

the duration of asthma more chance of NTM infection in difficult to control asthma
29

.In our study we found that 

the more number of Exacerbation/per year ,that frequent exacerbations lead to excess decline in function 

increase inflammatory process and pathology of airway remodeling leading to structural change in lung that can 

lead to more chance of NTM infection in difficult to control asthma who has frequent exacerbation.
30

In our 

study no significant difference was observed according to type of inhaled corticosteroid were used 

(P>0.05NS).and concurrent pulmonary NTM disease. In our study mean duration of inhaled corticosteroid (ICS) 

in case were 15.05 ± 4.915 year and in control groups 5.00±3.457. ICS use were observed for a significantly 

longer period of time in cases as compare to controls (P<0.001HS). use of oral steroid is more in case 12 (60%) 

while in control group 3 patient (7.5%) were significantly more used in cases as compared to 

control.(P<0.001HS). There is good evidence supporting the effect of ICS on human pulmonary host defence, 

acting through several biological pathways, such as an inhibitory action on macrophage functions, a decrease in 

cytokine production and nitric oxide expression, which may lead to a failure to control infection.
31

 Various 

studies showed that, treatment with inhaled but also systemic corticosteroids may be an important risk factor for 

NTM infection. Use of ICS has been linked to an increased risk of pneumonia in patients with COPD
32, 33

 and a 

similar phenomenon may be implicated in NTM infections among asthmatic patients. No significant difference 

was observed according to mean FEV1/FVC in both the groups, but significantly lower mean was observed to 

FEV1 in cases (52.53±13.381) as compare to control (69.58±11.115). Masayuki hojo etal were found that 

asthmatic patients with NTM infections had more severe airflow limitation than those without NTM 

infections
34

.The symptoms of NTM pulmonary disease are variable and nonspecific however Constitutional 

symptoms are progressively more prevalent with advancing NTM lung disease.
 
 .We found that the most  

common findings in chest x ray among cases,75% patients had infiltrations followed by old healed lesion (15%) 

and cavity (10%) only infiltrations was significantly higher finding as compared to control and on chest CT scan 

abnormalities nodules and infiltration (80% in each), bronchiectasis (45%),predominated in the middle lobes in 

16(26.7%) subjects, upper in 13(21.7%), in the lower lobes in eleven (18.3%) and lingula in two 

(5%).Proportion of the cases were significantly more in upper lobes and middle lobe as compared to control. 

Radiographic features of NTM lung disease is (similar to TB).Compared with the radiographic findings in TB 

and patients with NTM disease. Predominantly fibrocavitary radiographic changes tend to have the following 

characteristics: in NTM infection,(1)  

Thin walled cavities with less surrounding parenchymal opacity, (2)  Less bronchogenic but more 

contiguous spread of disease, and (3)  Produce more marked involvement of pleura over the involved areas of 

the lungs.
 35

 None of these differences, however, is sufficiently specific to exclude the diagnosis of TB on the 

basis of the radiographic appearance. Studies with HRCT of the chest have shown that up to 90% of patients 

with mid- and lower lung field noncavitary disease with MAC have associated multifocal bronchiectasis. In our 

study all the 60 subjects went through examination of sputum for AFB stain and Mycobacterial culture followed 

by species identification. Proportion of the cases (11, 55%) was significantly more positive for AFB sputum 

than the control. Proportion of the cases was significantly more positive for mycobacterium culture than the 

control. (P<0.001HS). Twelve (60%) patients were infected with Mycobacteriumavium complex (MAC), and 

four (20%) with Mycobacterium intrcellulare and 10% each M. xenopi and Kansasi; no patient was infected 

with combination of any two species .Similar results were found in various studies. 

 

Summary 

A total 60 patients was taken in to the study with difficult to control asthma, Out of sixty, 20 were case 

and 40 were control, according to the non tuberculous mycobacterial culture of sputum. Cases were significantly 

older than the controls. Cases had significantly longer disease mean duration of asthma as compared to control. 

Significantly more exacerbation/year was found among cases as compare to controls and cases had taken 

inhaled corticosteroids for a significantly longer period of time as compare to controls. In CT Chest Proportions 

of the cases having upper lobes and middle lobe diseases were significantly higher in case as compared to 

controls. Twelve (60%) patients were infected with Mycobacterium avium complex (MAC), and four (20%) 

with Mycobacterium intracellulare and 10% each M. xenopi and Kansasi; no patient was infected with 

combination of any two species. 

 

IV. Conclusion 
In  difficult to control asthma patients provide evidence that NTM infection can be associated with 

asthma and should be considered in difficult to- treat disease, especially in older individuals,late onset asthma 
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longer duration of asthma, frequent exacerbation and past hospitalization, more severe airflow obstruction 

greater exposure to inhaled or systemic corticosteroids. 
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