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Abstract

The ability of Mycobacterium tuberculosis as the agent of tuberculosis (TB) to live in the air is generally very dependent 
on environmental factors, which can cause bacteria to last long in the air and increase the risk of transmission of TB. 
The research purpose was to analyze the relationship between the physical environment condition and the number 
of germs in the bedroom of TB patients. This cross-sectional research was conducted in Kupang city, East Nusa 
Tenggara province, in January–June 2022 with 77 TB patients as samples, whose TB patients' rooms would be 
observed based on research variables for physical environmental conditions. Data were collected directly by observing 
and measuring directly from the variables studied and then analyzed using a correlation test and linear regression 
test to see the relationship between variables and the effect of the physical environmental condition on germ number 
in the bedroom. The correlation test shows the variables related to the bedroom germ number (p<0.25) were the 
number of people sleeping the TB patients, lighting, humidity, ventilation size, percentage of ventilation compared to 
room size, and room density. The model equation explains that 28.8% of the germ number variation in bedroom TB 
patients depends on the constant reduction (789,884) added to 19,217 times the bedroom humidity, then reduced by 
9,518 times the percentage of room ventilation and also reduced by 31,185 times the density of the room occupancy. 
The most significant influence on the germ number in TB patients' bedrooms is the room humidity, which is 0.319.
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Introduction

Tuberculosis (TB) is an infectious disease caused 
by the bacteria Mycobacterium tuberculosis 
that enters the body through the respiratory 
tract. This disease is still a public health problem 
worldwide, and Indonesia has the 2nd highest TB 
cases after India.1 TB cases in Indonesia have 
reached 1,000,000, with some deaths yearly.2 In 
Kupang city, the number of cases of pulmonary 
TB for the year 2018–2020 respectively was 670 
cases, 667 cases, and 522 cases.3

Many factors trigger the occurrence of TB 
transmission in the community, including the 
presence of TB germs, individual characteristics, 
and environmental factors.4–7 House conditions 
such as humidity, temperature, lighting, and 
ventilation conditions, as well as residential 
density and house floors, are also associated 
with the incidence of TB transmission and 
determining factors for the presence of TB germs 
in people's homes.5,8–11 Behavior has also been 
related to the incidence of TB transmission in the 
community.12,13

Environmental factors strongly influence the 
presence of TB germs.5,6,9,14 Therefore, it is also 
necessary to intervene in physical environment 
risk factors so that the risk of TB transmission 
in the community can be reduced, especially 
among family members of TB patients at home.14 
The nature of germs in the air, in general, has 
similarities with the nature of TB germs, so this 
research aims to determine the relationship 
between the physical environmental conditions 
and the number of air germs in the bedroom of 
TB patients in Kupang city. Both the community 
and the government can use the research to 
prevent the transmission and incidence of TB in 
Kupang City.

Methods

This is a cross-sectional study conducted in 
Kupang city, East Nusa Tenggara province, from 
January to June 2022. The samples included 
77 tuberculosis patients whose bedrooms were 
observed based on research variables spread over 
11 health centers in the working area of the Health 
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Office of Kupang City. They include bedroom 
size, temperature, number of family members 
sleeping with TB patients, room occupancy 
density, lighting, humidity, ventilation size, 
and airborne germ numbers in the bedroom. 
All research data except the airborne germs 
numbers were collected directly by observing and 
measuring the variables studied using roll Meter 
and environmental multimeter.

The airborne germ number is the number of 
pathogenic or non-pathogenic microorganisms 
floating in the air either together/attached to 
droplets (water) or particles (dust). We cultured 
them in the agar media to form colonies that 
can be observed visually or with magnifying 
glasses, then calculated based on the colony 
to be converted into colony-forming units per 
cubic meter (CFU/m³). First, air samples were 
taken with a microbial air sampler. Then the agar 
strip was put in an incubator of 30–35°C for 24 
hours and repeated for another 24 hours if there 
was no growth of germs. Finally, the number of 
germ colonies grew was counted using the colony 
counter.

The data from the bedroom's TB patients 
were analyzed statistically using the bivariate 
test to see the relationship between the variables 
and the effect of the independent variables on 
the dependent variable using the multivariate 
linear regression test. This research has 
obtained ethical clearance from Politeknik 
Kesehatan Kemenkes Kupang with the number 
LB.02.03/1/0008/2022.

Results

TB patients' ages here range from 8 to 83 years, 
with varying physical environmental conditions 
in their bedroom, as shown in Table 1. The 

number of germs in TB patients' rooms ranges 
from 1 to 2,0104 CFU/m3. It means that not all 
rooms meet the requirements, such as the germ 
number should be <700 CFU/m3. Table 1 also 
shows that most TB sufferers sleep with others, 
and some even share with up to 7 people. Kupang 
city's temperature is quite hot, with the average 
temperature of the bedroom being 32.5°C, 
the average humidity of the bedroom being 
69.81% RH, and lighting 59.71 Lux. The average 
ventilation percentage of the bedroom meets the 
requirements (19.846% of the bedroom size).

Based on bivariate analysis using a correlation 
test, the variables related to the germs number in 
the bedroom (p<0.25) were the number of people 
sleeping in the same room, lighting, humidity, 
ventilation size, percentage of ventilation 
compared to bedroom size, and also bedroom 
occupancy density (Table 2).

Variables related to the number of bedroom 
germs (p<0.25) were analyzed using a multiple 
linear regression test with the backward method. 
The model summary generated in this analysis 
shows that the coefficient of determination (R2) 
was 0.288. It meant that the regression model 
obtained can explain 28.8% of the variation in 
the number of germs in a room with tuberculosis 
patients. Therefore, the model generated in the 
resulting equation is quite good. The results 
of the F test also show the p value (significance 
F) is 0.000. The resulting regression model fits 
the existing data, which means the variables of 
the bedroom's size per person, humidity, and 
percentage of ventilation can significantly predict 
the number of air germs in the bedroom (Table 
3).

The regression equations generated in this 
research are:
Total germ number = −789,884 + 19.217*bedroom 

Table 1 Description of the Physical Environment Condition and Germ Number of a TB 
Patients Bedroom in Kupang City in 2022

Variable for Bedroom (n=77) Min–Max Mean SD
Bedroom germ number (CFU/m3)
Bedroom size (m2)
Bedroom temperature (°C)
Number of roommates (people)
Bedroom occupancy density (m2/person)
Bedroom lighting (Lux)
Bedroom humidity (% RH)
Ventilation size (m2)
Ventilation percentage (%)

1–2.104
3–28

29–35
1–7

1.3–24.0
14–196
60–93

0.0–5.0
0.0–48

194.62
8.977
32.55
2.12

5.391
59.71
69.81
1.455

19.846

417.053
5.4631
1.259
1.235

4.0338
36.235
6.927

0.8672
11.8624



Global Medical and Health Communication, Volume 10 Number 2, August 2022

124 Wanti Wanti et al.: Physical Environmental Conditions and Germ Number in Bedroom of Tuberculosis Patients in Kupang

humidity – 9.518*bedroom ventilation percentage 
– 31.185*bedroom occupancy density.

This equation also shows that the variable 
with the greatest influence (β) in determining 
the number of germs in the air in the bedroom is 
bedroom humidity, which is 0.319.

Discussion

Tuberculosis, where Indonesia ranked 2nd after 
India,1 was in the world's top 10 leading causes 
of death.15 TB cases are decreasing yearly, but 
the change is still not following the target of the 
End TB Strategy in 2020. It targeted a decrease 
in the 2015–2022 period by 20%; however, the 
reduction achieved is only around 9%.15

TB is a disease in which most of the risk 
factors for its occurrence are environmental and 

behavioral factors, so these two factors need 
special attention in prevention and control so 
that transmission does not occur. No new cases 
can become a source of new transmission for 
people around them.16

This research found bedroom occupancy 
densities ranged from 1.3–24 m2/person, which 
was related to the number of germs in the 
bedroom. The correlation was negative, i.e., the 
higher the bedroom size per person, the lower 
the germ number. The number of people sleeping 
with TB patients ranged from 1 to 7 people, and 
it's positively correlated, namely, the more people 
who sleep in the same bedroom, the more germs 
number in the bedroom increases. On the other 
hand, if the number of germs in the room is high 
or 700 CFU/m3,16 it is also necessary to reduce the 
number of people sleeping in the room because it 

Table 2 Relation between the Physical Environmental Condition with the Germ Number 
in Bedroom’s TB Patients

Variable for Bedroom (n=77) Bedroom Germ Number 
(CFU)

Bedroom size (m2) Pearson correlation
Sig. (2-tailed)

0.025
0.828

Bedroom temperature (°C) Pearson correlation
Sig. (2-tailed)

–0.017
0.886

Number of roommates (people) Pearson correlation
Sig. (2-tailed)

0.298
0.009

Bedroom occupancy density (m2/person) Pearson correlation
Sig. (2-tailed)

–0.287
0.011

Bedroom lighting (Lux) Pearson correlation
Sig. (2-tailed)

–0.298
0.009

Bedroom humidity (% RH) Pearson correlation
Sig. (2-tailed)

0.390
0.000

Ventilation size (m2) Pearson correlation
Sig. (2-tailed)

–0.319
0.005

Ventilation percentage (%) Pearson correlation
Sig. (2-tailed)

–0.284
0.012

Table 3 Prediction Model of the Bedroom Germ Number of the TB Patients in Kupang 
City in 2022

Unstd. Coeff. Std. Coeff.
t Sig.

β Std. Error β
Constant
Bedroom humidity (% RH)
Ventilation percentage (%)
Bedroom occupancy density (m2/person)

−789.889
19.217

−9.518
−31.185

455.251
6.075
3.574

10.376

0.319
−0.271
−0.302

−1.735
3.163

−2.663
−3.006

0.087
0.002
0.010
0.004
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will facilitate the transmission of disease if one 
of them has a respiratory infection, including TB 
sufferers.

Decree of the Minister of Health Republic of 
Indonesia Number 829/Menkes/SK/VII/1999 
regarding Housing Health Requirements stated 
that the minimum bedroom size is 8 m2 and cannot 
be more than two people in a bedroom or at least 
4 m2/person.17 The average occupancy density of 
rooms in this research has met the requirements 
(5.3 m2/person), but many still do not meet the 
criteria. Some even have an occupancy density of 
only 1.3 m2/person, with up to 7 people sleeping 
in the same bedroom.

TB transmission mainly occurs due to 
close contact with patients through sputum 
sprinkling, which is estimated to produce 3,000 
sputum sprinklings once a cough, while when 
clean, it can expel 4,500–1,000 TB germs in the 
droplets.18 The more people sleep together and 
are in close contact with TB patients daily, the 
transmission of Mycobacterium tuberculosis and 
the TB incidence increases. Previous research in 
Pontianak found a relationship between bedroom 
occupancy density and germ number.19 Based on 
the Ministry of Health Republic of Indonesia 
that close contacts are a risk group for TB 
transmission,20  a study in Serang city concluded 
that household contact is associated with the 
incidence of TB with p=0.011.21 and TB patients 
have a risk of transmitting this disease to 2–3 
people of their family members.22

Based on these results, TB patients need to 
have their bedrooms until they are declared 
cured by the health workers responsible for the 
examination and treatment. The longer the close 
contact with the patient, the greater the number 
of inhaled germs, and the risk of TB transmission 
increases. If sleeping separately with a TB patient 
is not possible, other means must be found to 
prevent TB transmission, for example, wearing 
a mask or covering the mouth/nose when 
coughing/sneezing and washing hands with soap 
and running water.

The bedroom lighting, humidity, and the 
size of ventilation in this research showed 
a relationship with the germ number in the 
bedroom's TB patients. Transmission of TB 
disease mainly occurs in dark, humid places with 
less ventilation.20

Mycobacterium tuberculosis germs will 
survive a long time in humid conditions and 
are not exposed to direct sunlight. In a poor 

ventilation room, there is less air movement, 
and TB germs will last a long time in the room, 
increasing the risk of transmission, especially 
for close contacts, namely those who sleep in the 
same bedroom as the TB patient.20

Mycobacterium tuberculosis germs will 
survive a long time in humid conditions and 
are not exposed to direct sunlight. In a poor 
ventilation room, there is less air movement, 
and TB germs will last a long time in the room, 
increasing the risk of transmission, especially 
for close contacts, namely those who sleep in the 
same bedroom as the TB patient.20

Previous studies have found a relationship 
between lighting, ventilation, and humidity and 
TB incidence.19,23 This condition in Kupang city 
shows that there are still many housing conditions 
that do not meet the requirements for healthy 
housing following the standard of the Ministry 
of Health Republic of Indonesia, which are room 
temperature 18–28°C, humidity 40–60% RH, 
lighting ≥60 Lux, ventilation area 10% per size 
floor.16,17

The condition of bedrooms in Kupang city 
allows the risk of transmission and incidence 
of TB, which is always high in Kupang city. For 
this reason, it is necessary to take fundamental 
measures to prevent and control TB from the 
community and the government, especially by 
building healthy houses.

Based on this research, TB patients should 
sleep separately in their bedrooms to decrease the 
transmission risk to close contact, always wear a 
mask, or cover the mouth/nose when coughing/
sneezing, and wash hands with soap and running 
water.

The community should keep the sunlight 
entering the bedroom directly and lower the 
humidity by adding the ventilation size or placing 
the room position that allows direct sunlight 
to enter the room to reduce the risk of TB 
transmission in the room.

The Kupang City Health Office, the Public 
Works and Public Housing Office, and other 
related agencies need to carry out more stringent 
supervision on housing construction permits to 
follow the Ministry of Health's Decree for housing 
building or repairing.

The summary model and the results of the F 
test show that the higher the bedroom humidity 
and room density, the higher the germ number 
will be. Conversely, the greater the percentage of 
ventilation size, the less germ number.

Wanti Wanti et al.: Physical Environmental Conditions and Germ Number in Bedroom of Tuberculosis Patients in Kupang
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TB germs are resistant to low temperatures 
and will survive for a long time at temperatures 
between 4°C and –70°C. TB germs are susceptible 
to heat, sunlight, and ultraviolet. Direct exposure 
to ultraviolet light will cause most TB germs to 
die within a few minutes, while in sputum at 
temperatures between 30–37°C, they will die 
in approximately one week and 5 minutes at 
70°C.18,24 There is a temperature range favored by 
the Mycobacterium tuberculosis, which allows 
the bacteria to proliferate. Mycobacterium 
tuberculosis is a mesophilic bacterium that 
grows fast at 25°C–40°C. The bacteria will grow 
optimally at 31°C–37°C. Humidity plays a role 
in the growth of microorganisms, including 
pulmonary tuberculosis (TB) bacteria. High 
humidity in the house can increase the life of 
tuberculosis (TB) bacteria.24

Based on the results of this research, it is 
necessary to take measures to ensure healthy 
home conditions that are not optimal for 
Mycobacterium tuberculosis to survive and grow 
to reduce the risk of transmission and incidence 
of TB. These actions include lowering room 
humidity and increasing natural lighting, namely 
sunlight entering the bedroom. The simple way 
to reduce the moisture that the community can 
take is by adding ventilation.16 The additional 
ventilation increases the space for airflow, which 
allows the release of some germs in the room and 
to be replaced by fresh air from outside to reduce 
the risk of TB transmission in the room.

A minimum room lighting needs around 60 
Lux.16 The addition of ventilation can increase the 
sunlight that enters the bedroom. The morning 
sun, which contains ultraviolet light, will kill TB 
germ in minutes. On the other hand, poor air 
circulation and no sunlight will increase the risk 
of TB transmission.18 Ventilation will increase air 
circulation in the bedroom and reduce the risk of 
TB transmission for the room's occupants.

One way to control the number of germs in a 
room is to sterilize the room. Room sterilization 
with ultraviolet (UV) light is proven to be able 
to reduce the number of germs in the air.25 
The nature of germs in the air, in general, has 
similarities with the nature of TB germs, so if the 
germs in the room are successfully lowered by 
UV sterilization, the TB germs will also reduce. 
Sterilization of rooms with ultraviolet can be 
natural by using sunlight. It is necessary to 
increase the ventilation area of the room or the 
placement of the position of the room that allows 

direct sunlight to enter. Sterilization of rooms also 
can be done artificially using UV lamps, so it is 
necessary to investigate further the effectiveness 
of UV lamps in reducing the number of germs in 
the room.

Conclusions

This study finds the equation model to determine 
the number of germs. The variation was the germ 
number in a TB patient's bedroom, the room 
humidity, room ventilation, and the density of the 
room occupancy. The most significant influence 
is the room humidity.
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