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 Background: Tuberculosis is one of the communicable diseases that keep on rising 
especially in Sabah Malaysia. Host and environmental factors are main preventive 

scopes to be taken. Methods: A case control study was conducted to examine 

relationship between pulmonary Tuberculosis and environmental factor and host related 
factors. Department of Respiratory, Queen Elizabeth Hospital, Sabah was chosen and 

84 cases and 84 controls were recruited during the entire study period Jan–March 2013. 

The two groups were comparable for race, gender, average income per month and type 
of occupation. Majority of respondent from both groups were categorized as below 

poverty line. Results: Results showed that people with no history of asthma have a 

higher odds of being infected with Tuberculosis, p<0.001.(adjusted OR: 7.43, and CI: 
3.17, 17.42). Overcrowding (≥ 3 peoples in a room) was statistically significant, 

p<0.001(adjusted OR: 11.94, CI: 1.05, 1.43). Available of few house windows (≤2 

units) was significant, p < 0.001(adjusted OR 14.86, CI: 1.06, 1.47). Conclusion: 

Sabahan peoples who have asthma, normally has frequent hospital follow up and advice 

on how to avoid contracting with Tuberculosis. Living in long house is one of the 

Sabahan cultural. In this facility it is easier to spread Tuberculosis infection as many 
families staying together. Basic amenities usually are insufficient like clean pipe water, 

toileting system and waste disposal which favor unhygienic practice and spreading of 

infection. Adequate health education in prevention of disease spread and hygienic 
living is prime to focus. 

 

 

© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Sutan, R. and Kunsiong D., A Case Control Study On Environmental And Host Factors Predisposing To Pulmonary 

Tuberculosis In Sabah. Adv. Environ. Biol., 8(15), 243-252, 2014 

 

INTRODUCTION 

 

 Tuberculosis (TB) disease is still a public health threat especially in developing countries. TB control is 

widely restricted by the limited equipment to diagnose, treating patients and prevention [1]. Re-emerged of this 

disease has inflicted a serious problem for a significant public health personnel worldwide. This was largely 

attributed to immigration from countries with a high prevalence of TB, social problems such as poverty, 

homelessness, drug abuse an HIV infection [2]. 

 In Malaysia, about 10% of TB notified cases have been discovered among the immigrant population, 

particularly those from high TB burden neighboring countries [3]. Immigrants contributed more than 24% of the 

newly diagnosed of TB cases in Sabah, East Malaysia [4].  The entry of foreigners, including those who were 

born in Malaysian society and also the arrival of migrant workers have caused TB is known as "a disease 

without borders" in Malaysia [5]. 

 Tuberculosis infection is also associated with risk factors of the environment such as living in an over-

crowded, housing, poverty, homelessness, a history of other intravenous drug use (IVDU), and with chronic 

diseases such as Diabetes Mellitus (would increase the risk to 2 -4 times), chronic kidney disease (would 

increase the risk to 10-25 times), exposed to silicone (will increase risk to 30-fold) and HIV (will increase the 

risk for more than 100 times)[6]. WHO reports in 2011, the death rate in Malaysia from 1990 to 2010 per 

100,000 populations due to TB was 8.5 (not including HIV) [7]. 

 Tuberculosis infection may present asymptomatic at first. However, there are about 10% of those infected, 

initially the disease is not active (latent tuberculosis): it can become more active and serious and can spread the 

disease from one to another [8]. Patients with latent infection are the largest reservoir for potential transmission. 

The risk of reactivation TB is estimated as 10% per lifetime. Active TB, either from recent infection or 
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reactivation, results in contagious spread of the pathogen. For every year that a single person with active TB is 

untreated, he or she will infect an average of 10–15 people [9]. 

 Tuberculosis disease has shown resurgence in Malaysia.  WHO report [7], shown an increase of TB cases 

reported. The increase in TB cases has indirectly increased medical costs in Malaysia because TB is associated 

with HIV and resistant cases with anti TB drugs available. With HIV-positive TB cases identified in 2011 were 

18472 cases. While cases diagnosed as Multiple Drug TB resistant was 10537cases. Last year total number of 

TB cases reported in Malaysia was 19251cases. 

 Tuberculosis is one of the communicable diseases that keep on rising in Kota Kinabalu, Sabah. State of 

Sabah has been recorded as one of the highest numbers with TB cases reported in Malaysia. More than 24% of 

the newly diagnosed of TB cases in Sabah, East Malaysia contributed by the immigrants [4]. Number of cases 

reported in Queen Elizabeth Hospital (QEH) was 2398 cases in 2010 and 2508 cases in 2011 [10].    The trend is 

increasing for TB cases in Sabah from January to November 2012, 359 patients (new and old) are being treated 

in Respiratory Clinic, Department of Respiratory, Queen Elizabeth Hospital [10]. There were few studies have 

been conducted in Respiratory Department, QEH. However, all the studies were focusing on healthcare workers, 

patients' satisfactions and analyzing data directly from the hospital record and TB notification record. No study 

has been conducted to evaluate an environmental factors and TB infection in QEH. 

 Tuberculosis is always linked with environmental risk factors such as poverty, homelessness and over-

crowded. Therefore, the outcome of this study intends to help health system policy makers, health care providers 

and health officials particularly in Kota Kinabalu to understand the relationship of environmental factors and 

tuberculosis. The conceptual framework for this study consists of two main domains (Figure 1). These domains 

are the environment and host factors. Under the main domain environment, there are three sub-domains of 

household, house and sanitation. These variables affect the environment and interrelated. The second domain is 

a host factor. Under host factors, there are 3 sub-domains of socio demographic, lifestyle and health status. All 

of these variables will be reviewed to see how it affects TB infection. The objective of the study was to 

determine environmental and host related factors that contributes to the pulmonary tuberculosis (PTB). 

 

MATERIALS AND METHODS 

 

 This is a quantitative method study design using an unmatched Case Control study.  Structured 

questionnaire has been used. Case and control were selected from in-patient hospital.  A target study site was the 

Department of Respiratory, Queen Elizabeth Hospital (QEH) Kota Kinabalu, Sabah. Queen Elizabeth Hospital 

is the largest hospital in the Sabah state. It is located one mile from the Kota Kinabalu City covering an area of 

42 acres. It has 589 beds, but it has the capacity to accommodate up to 739 patient beds. The hospital also treats 

the referral cases from government hospitals and clinics as well as private parties from across the state, the 

Federal Territory of Labuan, and Hospital Lawas in Sarawak. Department of Respiratory Medicine provides the 

full range of respiratory services for inpatient and outpatient care. Patients (cases and control) that admitted in 

Respiratory Ward, Department of Respiratory in QEH has been included in this study during the study period.  

Sample unit focused on TB patients and non TB on an environmental and host-related factor that fulfil the 

inclusion and exclusion criteria at Table 1. A list of cases fulfils the criteria and lists of controls were selected 

from in patient record. Samples were divided by case and control. Total sample size required based on sample 

size calculation for case was 42 respondents and control was 42 respondents. Technique used for Case selection 

was universal sampling and the control group was selected using simple random sampling. Data collection 

started from 01 June 2013 till 31 October 2013. Those fulfilling the inclusion criteria were interviewed using 

structured questionnaire to gathered information for environmental factors and host-related factor. The sample 

size of the study was 84 respondents. This consists of 42 samples for cases and 42 samples for control. This 

figure was obtained after taking into consideration the minimum sample size of 36 and additional twenty percent 

respondents in case of samples rejection due to incomplete data. 

 
Table 1: Sampling criteria for case and control.  

  Case: Inclusion  Control: Inclusion 

 Confirmed positive (PTB+) for acid-bacilli (AFB) any initial 

sputum by the laboratory staff through sputum smear examinations 
(direct microscopy) or at least one sputum specimen positive. The 

data referred from patient’s file / medical record. 

 All TB patients (male and female) that admitted in Respiratory 
Ward during the study period has been included.  

 Agreed to participate in this study.  

 Stable state of mind at the time of interview (no mental illness 

or not critically ill). 

 Not positive with tuberculosis (smear AFB and culture 

sputum) and admitted in Respiratory Ward during the study 
period has been included. 

 Agreed to participate in this study as informed consent 
has been taken from all study samples prior enrolment.  

 Stable state of mind at the time of interview (no mental 

illness or not critically ill) 

  

Case: Exclusion Control: Exclusion 

 TB patients that not received treatment in Respiratory Ward in 

Queen Elizabeth Hospital and foreigner’s patients. 

 TB patients that not received treatment in Respiratory 

Ward in Queen Elizabeth Hospital and foreigner’s patients. 
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Fig. 1: Conceptual Framework to demonstrate TB infection and its relationship to environmental and host 

factors.  

 

 Number of sample size required is counted using ‘Power and Sample Size Calculation’ software version 

3.0.43 based on the formula stated by Fleiss [11] as follow: From previous study done in West Africa [12], it 

was noted that proportion of men (69%) and female (31%) are exposed to TB.  

 

M’=1.96 √ (1.68+1) (0.4477x0.5523) -0.842√1.68(0.31x0.69) + (0.53x0.47)
2
 

    1.68 (0.31-0.53)
2 

                                                                            ² 

m=13.1950   1+ √1+       2(1.68+1) 

             13.1950(1.68) [0.53-0.31]    
 

Where in: 

m = n1 = size of sample from population 1 

P1 = proportion of cases among exposed to TB in population 1  

α = ‘Significance’ = 0.05  

1-β = Power = 0.8 

P = (P1+rP2)/(r+1) 

0.4477= (0.31+1.68x0.53)/(1.68+1) 

 n1 = m 

From table A.2 in Fleiss; 

If 1-α is 0.95 then cα/2 is 1.960 

If 1-β is 0.80 then c1-β is -0.842  

n2 = size of sample from population 2 

P2 = proportion of cases among not exposed in population 2 

β = chance of detecting a difference = 0.2 

r = n2/n1 = ratio of cases to controls 

1.68=21.84/13 

 Q = 1 - P 

 0.5523=1-0.4477 

 n2 = rm 

 21.84=1.68 (13) 

 

 Structured interviewed questionnaire and data sheet has been used in this study. Questionnaire was adapted 

partly from the previous questionnaire by the researchers Siddiqui et al [13] and Shafqaat & Jamil [14]. 

Permission to use and modified their questionnaires has been granted from the authors. Questionnaire was 

modified according to the suitability of the customs and daily activities in Malaysia. Data entry and data 

analyzed using computer software Statistical Package for Social Science (SPSS) Version 20. Data analysis 
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presented using Descriptive and Inferential statistics. Continuous data was examined for normality.  Quantitative 

(continuous) data with normally distribution, statistical T-Test with mean and standard deviation were used. 

Regression model was used to assess the association between outcome and factors of interest, predictors and 

adjustment for confounder / covariates.  

  

Results: 

 In this study 168 data were analyzed for control and cases. Table 2 showed that the majority of the 

respondents were male (65.5% for cases and 63.1% controls) with a mean age of 45.89 (SD ± 17.79) for case 

and 55.95 (SD±15.93) for control. Majority of them were unemployed: cases (51.7%) and control (48.3). Others 

race group were recorded majority; (63.1%) for case and (52.4%) for control. Majority of the cases stay outside 

the town (75.0%) and for control (96.0%). Majority of the cases ever smoke (53.6%) but for control (48.8%). 

For the alcohol consumption majority case were not drinking (61.9%) and control (58.3%). For the intake of 

drug majority were not drug user (98.8%) and control (100.0). Majority of the case were active as only (9.5%) 

has sedentary life style and control (20.2%). 

 Table 2 showed only (15.5%) case has Asthma disease and control (64.3%). None of the case and control 

infected with HIV (0.0%). Only (41.7%) of the case has other low immunity diseases and for control (7.1%). 

Majority of the case has BCG scar (73.8%) and (70.2%) for control. Majority of the case ever exposed to TB 

diseases (61.9%) compare with control only (28.6%).  There were 90.5% of the cases exposed to TB from other 

sources and for control only 60.7%. Majority of the case readmitted to hospital were new (79.85) compared to 

control (71.4). 

 Table 3 showed majority of case has 1-5 peoples (48.8%) staying in the house whereas control was 

(39.3%). Majority of the case has more than 1 room in the house (84.5%) and control ((96.4%). Majority of the 

case has pets at home (53.6%) and control (54.8%). Majority case (58.3%) has more than 3 person in a room 

and control majority (84.5%) has less than 3 persons. Majority of case group sweep their floor everyday (86.9%) 

and control (90.5%). Majority of the case have 2 or less windows (72.6%) and control (94.0%). Majority of the 

case has ownership of the house (70.2%) and control (84.5%). Majority of the case has ceiling of their house 

(65.5%) and control (88.1%). Floor of the case house made from wooden (50.0%) and for control only (33.3%). 

Majority of case wall of their house made of wooden (59.5%) and control only (36.9%) 

 
Table 2: Socio Demography, Lifestyles and health sector factors for TB among cases and controls. 

Variable  Case n=84 (%) Control n=84 (%) 

Age a                                                    Mean±SD 
                                                               Range 

45.86 (SD±17.78) 
14-93 years 

55.95 (SD±15.93) 
21-84 years 

Race                                                     Kadazan/Dusun/ Murut 

                                                               Others 

31 (36.9) 

53 (63.1) 

40 (47.6) 

44 (52.4) 

Gender                                                Male 
                                                               Female 

53 (63.1) 
31 (36.9) 

55 (65.5) 
29 (34.5) 

Occupation                                        Unemployed 

                                                                Employed 

46 (54.8) 

38 (45.2) 

43 (51.2) 

41 (48.8) 

Residence                                           Kota Kinabalu  
                                                                Outsider 

20 (23.8) 
64 (76.2) 

12 (14.3) 
72 (85.7) 

Marital Status                                   Single 

                                                                Married 

21 (25.0) 

63 (75.0) 

5 (6.0) 

79 (94.0) 

Smoking                                             Never 
                                                               Ever 

39 (46.4) 
45 (53.6) 

43 (51.2) 
41 (48.8) 

Alcohol Consumption                   Never 

                                                                Ever 

52 (61.9) 

32 (38.1) 

49 (58.3) 

35 (41.7) 

Drug User                                           No 

                                                                Yes 

83 (98.8) 

1 (1.2) 

84 (100.0) 

0 (0.0) 

Sedentary life style                        No 

                                                                Yes 

76 (90.5) 

8 (9.5) 

67 (79.8) 

17 (20.2) 

Asthma                                                No     

                                                                Yes 

71 (84.5) 

13 (15.5) 

30 (35.7) 

54 (64.3) 

HIV Infection                                     No 

                                                                Yes 

84 (100.0) 

0 (0.0) 

84 (100.0) 

0 (0.0) 

Diabetes Mellitus                           No                                                            

                                                                Yes                                                        

68 (81.0) 

16 (19.0) 

72 (85.7) 

12 (14.3) 

Other low immunity diseases    No 

                                                                Yes  (SLE, Kidney Disease,RA,etc) 

49 (58.3) 

35  (41.7)  

78 (92.9) 

6 (7.1) 

BCG Scar                                             No                                                          

                                                               Yes           

22 (26.2) 

62 (73.8) 

25 (29.8) 

59 (70.2) 

Exposure to TB                                No    

                                                                Yes 

32  (38.1) 

52 (61.9) 

60 (71.4) 

24 (28.6)  

Exposed  to TB                                 Family members 

                                                                Others 

33 (39.3) 

51 (60.7) 

8 (9.5) 

76 (90.5) 

Type of cases admitted                 Old                                                    

                                                                 New(first time admission) 

17  (20.2) 

67 (79.8) 

24 (28.6) 

60 (71.4)  
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Total number of people living in the house 

                                                                 1-5  

                                                                 6-10  

                                                                  > 10  

 

41 (48.8) 

34 (40.5) 

9  (10.7) 

 

33 (39.3) 

45 (53.6) 

6 (7.1) 

Total number of bedrooms          ≤ 1 

                                                                  > 1 

13 (15.5) 

71 (84.5) 

3 (3.6) 

81 (96.4) 

Total number of person per room  < 3 person 

                                                                        ≥ 3 person 

35 (41.7) 

49 (58.3) 

71 (84.5) 

13 (15.5) 

Present of pets                                  No 

                                                                Yes 

39 (46.4) 

45 (53.6) 

38 (45.2) 

46 (54.8) 
a SD:standard deviation; n:frequency; %:percentage; others included Bajau, Chinese, Malay and Bisaya 

 

Table 3: Household and House factors for TB among case and control.  

Variables Case n=84 (%) Control n=84 (%) 

Total number of people 
living in the house 

                                                     1-5  

                                                      6-10  
                                                     > 10  

 
 

41 (48.8) 

34 (40.5) 
9  (10.7) 

 
 

33 (39.3) 

45 (53.6) 
6 (7.1) 

Total number of bedrooms  

                                                      ≤ 1  
                                                      > 1 

 

13 (15.5) 
71 (84.5) 

 

3 (3.6) 
81 (96.4) 

Total number of person per room                                           

                                                  < 3 persons 

                                                   ≥ 3 persons 

 

35 (41.7) 

49 (58.3) 

 

71 (84.5) 

13 (15.5) 

Present of pets         

                                                   No 

                                                   Yes 

 

39 (46.4) 

45 (53.6) 

 

38 (45.2) 

46 (54.8) 

Sweeping floor in a week 

                                                   Everyday  

                                                   Non daily 

 

73 (86.9) 

11 (13.1) 

 

76 (90.5) 

8 (9.5) 

Total windows 
                                                   ≤ 2 windows 

                                                   > 2 windows  

 
23 (27.4) 

61 (72.6) 

 
5 (6.0) 

79 (94.0) 

Type of house  
                                                  Brick house 

                                                  Wooden 

 
22 (26.2) 

62 (73.8) 

 
39 (46.4) 

45 (53.6) 

Ownership of House  

                                                  Own  
                                                  Rent 

 

59 (70.2) 
25 (29.8) 

 

71 (84.5) 
13 (15.5) 

House have ceiling 

                                                   No  

                                                   Yes 

 

29 (34.5)  

55 (65.5) 

 

10 (11.9) 

74 (88.1) 

Floor of house made of 

                                                   Cement  

                                                   Wooden 

 

42 (50.0) 

42 (50.0)  

 

56 (66.7) 

28 (33.3) 

Wall of house made of  

                                                   Cement  

                                                   Wooden 

 

34 (40.5) 

50 (59.5) 

 

53 (63.1) 

31 (36.9) 

 

 Table 4 showed majority of the case has pipe water supply to the house (89.3%) but majority of the case has 

no proper place to dispose their waster (44.0%). Majority of the case and control has facilities of toilet inside the 

house (63.1%) and water supply in the toilet (63.1%).  Table 5 showed the association between TB infection and 

factors studied. The associations were being a single person, asthma disease in host factors, present of low 

immunity diseases, host that exposed and has exposure to TB within family members, total number of bedrooms 

in a house, type of house, ownership of house, present of ceiling, floor and wall of the house made of wooden. 

Total number of windows showed association with the TB, availability of toilet inside the house and pipe water 

supply inside the toilet (P <0.001).  

 Finally, in order to assess together the effect of host and environmental factors, a multivariate model was 

built including in the above model host-related and environmental variables that were found to have an effect in 

earlier analyses (Table 6). Forward LR Multiple Logistic Regression model was applied. Multicolinearity and 

interaction term were checked and Hosmer-Lemeshow test (p=0.457), classification table (overall correctly 

classified percentage=77.4%) and area under the ROC curve (85.1%) were applied to check the model fitness. 

Only three factors were significant after the remodeling and confounding factors removed. Interaction between 

the factors has been checked using multicolinearity and Hosmo-Lemeshow model. Among host related and 

environmental factors, TB was found to be higher in patient without asthma. History of asthma appeared 

strongly protective against TB in this population. Total person staying together in a bedroom, and total of 

window in a house remained independent risk factors for TB. The odd of getting PTB in non-asthma group was 

7.43 times higher of those with asthma (adjusted OR=7.43, 95% CI: 3.17-17.42).  PTB was more likely to be 



248                                                               Rosnah S. and Damica K., 2014 

Advances in Environmental Biology, 8(15) Special 2014, Pages: 243-252 

found in non-asthma group. People staying together in a room with 3 and more persons will have the odds of 

getting PTB 0.14 times of those staying in less than 3 persons. (Adjusted OR= 0.14, 95% CI: 0.05-0.43). 

Therefore, TB is more likely to be found in a people who staying in more than 3 peoples. The odd of having TB 

in house with 2 windows or less was 0.14 times of those house with more than 2 windows(adjusted OR=0.04, 

95% CI: 0.04-0.45). TB was more likely to be found in two or less windows of the house.  

 
Table 4: Sanitation factors for TB among case and control. 

Variables for Sanitation Case n=84 (%) Control n=84 (%) 

Pipe Water supply to house 
No 

Yes 

 
9 (10.7) 

75 (89.3) 

 
3 (3.6) 

81 (96.4) 

Waste management 
No 

yes 

 
47 (56.0) 

37 (44.0) 

 
37 (44.0) 

47 (56.0) 

Electricity supply 

No 
Yes 

 

5 (6.0) 
79 (94.0) 

 

1 (1.2) 
83 (98.8) 

Toilet inside the house 

No 
Yes 

 

31 (36.9) 
53 (63.1) 

 

14 (16.7) 
70 (83.3) 

Piped water supply to toilet 

No 

Yes 

 

18 (21.4) 

66 (78.6) 

 

6 (7.1) 

78 (92.9) 

 

Table 5: Simple Logistic Regression on Host-Related and Environmental factors for TB among case and control. 

Variables Crude OR 95% CI X2 stat (df) P value 

Marital Status 
Single 

Married (ref) 

 
5.27 

 
1.88:  14.75 

 
12.39 

 

 
0.002 

Asthma 
Yes 

No (ref) 

 
9.83 

 
4.69:  20.62 

 
44.09 

 

 
0.001 

Other Diseases 

Yes 
No(ref) 

 

0.11 

 

0.04:  0.28 

 

29.38 

 

0.001 

Exposure to TB 

Yes 
No (ref) 

 

0.25 

 

0.13:  0.47 

 

19.22 
 

 

0.001 

Exposed to TB 

Family members 

Others (ref) 

 

0.16 

 

0.07:  0.38 

 

29.38 

 

 

0.001 

Number of bedrooms 

≤ 1 room 

> 1  rooms(ref) 

 

4.94 

 

 

1.35:  18.05 

 

7.40 

 

0.016 

Number of person per room 
< 3 persons(ref) 

≥ 3 persons 

 
 

0.13 

 
 

0.63:  0.27 

 
 

34.75 

 
 

0.001 

Type of House 
Brick 

Wooden(ref) 

2.44 1.28:  4.67 7.51 0.007 

House ownership 
Own (ref) 

Rent 

 
0.43 

 
0.20:  0.92 

 
4.96 

 
0.029 

House has ceiling 

Yes 
No(ref) 

3.90 1.76:  8.68  

12.47 
 

0.001 

Floor of house made of 

Cement 
Wooden (ref) 

 

2.00 

 

1.07:  3.73 

 

4.83 

 

0.029 

Wall of house made of 

Cement 

Wooden (ref) 

2.51 1.35:  4.68  

8.67 

 

0.004 

Toilet inside the house 

Yes 

No (ref) 

 

0.34 

 

0.17: 0.71 

 

 

8.94 

 

 

0.004 

Piped water supply 
Yes (ref) 

No 

 
 

3.55 

 
 

1.33:  9.45 

 
 

7.28 

 
 

0.011 

Total window of the house 
≤ 2 

> 2(ref) 

 
0.17 

 

0.60:  0.47 14.86 0.001 

ref: reference group; OR: odd ratio; CI: Confidence Interval; X2: Chi Square 
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Table 6: Final model under multivariate analysis on PTB and its associated factors. 

Variable Regression 

Coefficient 

Adjusted Odds Ratioa 

(95%CI) 

Wald statistic P-value 

History of Asthma 

No (ref) 

Yes 

 

 

2.45 

 

 

11.59 (4.79, 28.04) 

 

 

29.51 

 

 

0.001 

Number of person per room 

< 3(ref) 

≥ 3 

 

 

-1.46 

 

 

0.23 (0.07, 0.82) 

 

 

5.12 

 

 

0.024 

Number of window in house 
≤ 2 

> 2(ref) 

 
 

-1.71 

 
 

0.18 (0.05, 0.63) 

 
 

7.22 

 
 

0.007 
ref: Reference group:  

 

Discussion: 

 There was a significant statistical finding for asthma found that the odds of having PTB infection asthma 

group were 0.102 times lesser than the non-asthma group.  However, based on the experimental studies by Orme 

et al,[15]; Fearon & Locksley, [16];  Schluger & Rom [17]  and population based study by Shirakawa et al. [18] 

showed PTB inversely to the increased of asthma and atopic diseases. Reduction in the incidence of tuberculosis 

in many countries during 1900 may have contributed to the simultaneous increase in the prevalence of asthma 

and other atopic diseases. PTB notification rates were inversely associated with lifetime prevalence of wheeze 

and asthma [19]. These findings are consistent with the hypothesis that natural exposure to M. tuberculosis in 

childhood may have a role in inhibiting atopic. It has been shown that mycobacteria elicit a Th1 immune 

response in humans leading to the production of IL-12, IFNγ, and TNFα [20] which has been shown to cross-

inhibit Th2 responses [21]. Thus, it is possible that mycobacterial exposure decreases the development of atopic 

through the inhibition of Th2 immune mechanisms, which is consistent with both the above epidemiological 

findings and our earlier findings of a high Th1 activity in exposed household controls [22].  

 Economy and poverty are synonymous to exposure to PTB. This study has shown consistent with the 

findings done by Shafqaat & Jamil [14] where people living in poverty with over crowdedness and improper 

house are the most likely to get an infection PTB. These findings are consistent with other research studies that 

have been conducted in Africa [12], Russia [23], and Pakistan [13]. The previous study done by Shah, et al. [24] 

also found that in crowded houses, a greater degree of shared airspace increases exposure to M. tuberculosis, 

which can even be increased by limited air movement in closed spaces—hence a greater risk of infection. 

Crowding also has been reported to increase the risk of tuberculosis disease. In a study investigating the 

influence of the "social complex" on tuberculosis notification and mortality in Glasgow, Scotland, Stein [25] 

found a highly significant association of tuberculosis disease with various social variables, the strongest being 

crowding (average number of persons per house).  Only a few case-control studies investigated the risk of TB 

associated with household crowding [12,23,26-29]. Out of these studies conducted in countries of medium to 

high - incidence (Gambia, West Africa, India , Thailand , Russia Estonia) , four studies[12,23,26,28]  found 

significantly higher risk of TB associated with measures of household crowding and household size and in 

another two studies [27,29] found no risk. Another study showed that, one of the few cases - control study of the 

incidence is relatively low area in Liverpool found no independent effect of household crowding [30]. The total 

of windows was significant P < 0.001 in this study. House that have less than or equal to 2 windows are at high 

risk for TB bacteria spread. Majority of the case (72.6 %) and control (94.0 %) have less or equal with 2 

windows. Odds of this group of getting TB infection are 5.96 times compared with those who have more than 

two windows of the house. A study by Md Rajuna, et al [31] at a hospital Sultanah Aminah Johor Bahru 

(HSAJB) found that the spread of TB disease is closely related to the relationship between the physical layout of 

the TB ward and interior environmental air quality. Lack of consideration for environmental sustainability 

indoor air will result in increased TB exposure to staff and the public. They propose a detailed measurement of 

ventilation and optimum thermal comfort associated with the room set as room size, the presence of windows 

and doors, floor area and ceiling height needed to provide indoor air healthier and safer.  

 Being single person is exposing 5 times than married person for PTB infection and it is consistent with the 

previous study [12]. Single persons are usually younger than married persons and have a different lifestyle, 

especially males, who often migrate to town to search for job where they frequently live alone or with friends 

without proper health check-up.  Majority of the case (76.2%) and control (85.7%) were outsider from the city. 

No significant findings between residence and PTB infection noted in this study. Residence is not the risk factor 

for PTB infection. This is the same findings with Nissapatorn et al [5] that was conducted in Kuala Lumpur. 

 Lifestyle of the respondents was studied that involved 4 factors. Smoking habit, alcohol consumption and 

drug use were not significant in this study. This may be due to a health campaign to adopt a healthy lifestyle by 

the Ministry of Health Malaysia. This campaign was also aided by the mass media and electronics. This 

situation has raised awareness among the respondents. Majority of case (61.9%) and control (58.3%) were 

Muslims, and prohibited alcohol intake.  This situation may have helped reduce the intake of alcohol and drugs. 
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Only (1.2%) of case had taken drugs. These findings contrasted with previous studies [12, 13, 23]. Sedentary 

lifestyle was not significant in this study as majority case (90.5%) and control (79.8%) adopt active lifestyle.  

 In this study, we examined the 8 variables for co-morbidity. HIV infection cannot be correlated with the 

measured relationship PTB disease caused all cases (100.0%) and controls (100.0%) do not have any HIV 

infection. However, in another study, HIV is one of the risk factors with statistical significance (p <0.001), 

which incline people vulnerable to infection PTB [12,13,32]. In this study case (10.0%) and control (14.3%) had 

reported of having Diabetes Mellitus and this was not statistical significant. For the others low immunity 

diseases, it was statistical significant (P < 0.001). The odds of having PTB infection with other low immunity 

diseases was 10.49 times of those who do not have these diseases. Other low immunity diseases were Kidney 

failure, Rheumatoid Arthritis, Systemic Lupus Erythematosus, Thyroid cancer, and Congestive Cardiac Failure. 

The presence of low immune system disease indicates that they belong to the group susceptible to disease. The 

finding was consistent with study done in Pakistan by Shafqaat & Jamil [14].  

 Present of BCG scar was not statistical significant in this study P <0.606 as majority of case (73.8%) and 

control (70.2%) ever vaccinated after birth and through the school health programme. BCG vaccine was the 

protective factor PTB Infection. This suggests that BCG vaccination is still compulsory, and public health 

awareness should be more consistently implemented to promote the national vaccination program in any given 

population, particularly in limited resource settings. However, the development of a vaccine better than BCG is 

also encouraged for the developing countries where the risk of TB infection remains high [33]. 

 Patient ever exposed to PTB infection have shown 19 times higher than non-exposed. Therefore, PTB is 

more likely to be found in ever exposed with PTB infection. Exposure to the immediate family members who 

has history of PTB also increases the odds of getting PTB infection about 29 times of those exposed to other 

sources such as friends, colleagues or neighbor. This is supported with other study findings [23]. In other study 

in Africa found that when the former TB case was in close family link with the index TB case, the risk of PTB 

infection increased with social proximity to the case, and that this effect was persistently higher in first-degree 

than in more distant relatives [12,34].  

 In this study the presence of animals in the house, house floor swept frequency, whether the person renting 

or owning a home it does not affect infection PTB caused no significant statistical analysis found. Moreover the 

TB bacteria are spread through droplets and do not transmit by animals. However, studies conducted in Russia 

they took a history of drinking fresh milk from a cow. The association found with unpasteurised milk may be 

linked to Mycobacterium bovis infection. The dairy industry has been affected by the political transition, and the 

consumption of unpasteurised milk has increased [23].  

 Type of the house, floor and wall were all significant findings.  Majority of the case (73.8%) and control 

(53.6%) have a house made of wood. p value <0.006. The floor and walls of the house were made of wood. 

Home floor for cases (50.0%) and (33.3% of control) was significant. The walls of the house also shows 

significant value with p <0.003. Patients who have a house made of wood are more likely to get TB infection. 

This finding was in contrast to a study conducted in Western Africa [12]. 

 Majority of the cases (65.5%) has house ceiling and control (88.1%). Present of toilet inside the house and 

piped water supply to toilet also showed significant P<0.05. These findings are similar to studies performed in 

Western Africa [12]. They state that the absence of a ceiling in the house will be the protector of TB disease. 

Present of toilet inside the house that equipped with water supply also showed significant. Toilet and water were 

related with hygiene and hygiene was related with TB. Other variables such as availability of pipe water supply 

inside the house, waste management and electricity were not related to TB. 

 The final model of regression showed that only three variables were significant and fit to this model, such 

as a history of asthma, the number of person stay together in the room and the total windows in the house. Other 

study by Beggs et al [35] in one of the Hospital in United Kingdom found that modelling generalized 

formulation is shown to be the most suitable for modelling airborne transmission in ventilated spaces, and it is 

subsequently used in a parametric study to evaluate the effect of physical and environmental factors on the rate 

of disease transmission. The parametric study supports the widely held belief that poorly ventilated spaces 

promote the spread of TB. It is therefore not surprising that TB transmission often occurs in spaces that are 

poorly ventilated and overcrowded, such as prisons or slum housing. Indeed, poor and inadequate ventilation 

has been shown to be one of the factors responsible for the emergence of multi drug resistant TB.  

 This study has several strengths such as have been able to achieve the required number of samples in this 

study. The questionnaire used in this study was adapted from two different researches and provide information 

sufficient for this study.  Despite the strengths of this study, there were certain limitations as researchers unable 

to measure the area of the patient's room to compare the congestion in the room and room size. This situation 

was taken into consideration in terms of safety, budget, equipment, and distance of patients’ house from the 

hospital. This study did not measure the level of malnutrition and BMI faced by patients due to the time 

constraint and to reduce contacts with the TB patients that were highly reactive.  
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Conclusions: 

 Tuberculosis is always linked with environmental risk factors such as poverty, homelessness and over-

crowded. The outcome of this study able to provide evidence based to help health system policy makers, health 

care providers and health officials particularly in Kota Kinabalu to understand the relationship of environmental 

factors and tuberculosis. Public health care workers can execute awareness programs that focus more on the 

community such as environment cleanliness, good sanitation and BCG vaccination in the future. We believed 

that improvement of environment factors can reduce the incidence and occurrence of TB in Kota Kinabalu. Not 

all communicable disease can be treated by the medicine alone but it must be a combination with other factors 

such as awareness and knowledge of the community about good cleanliness, housing as well and the important 

of BCG vaccination to minimize an occurrence of this diseases.  
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