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ABSTRACT

Introduction Tuberculosis (TB) is a major public health issue and poses a threat to the
community with high incidence and mortality, especially in the endemic
countries. Social and ecological factors have been known to cause TB
transmission. Hence, it is vital to synthesise evidence to adapt to the challenges
caused by these factors. As such, this review aims to explore the relationship
between TB prevalence and potential social and environmental factors.

Methods We searched the electronic databases PubMed, Web of Science (WoS) and
Scopus between 1st January 2013 and 31st 2024, for studies that met the
following requirements: 1) original article investigating the social and
environmental determinants associated with transmission of TB and; 2) the study
was published in English. The Mixed Method Appraisal Tool (MMAT) assessed
the study quality.

Results We identified 484 potentially eligible published articles, of which 27 met our
inclusion criteria. Findings from this systematic review showed that
environmental and socioeconomic factors, mainly housing and living conditions,
poverty, air quality and pollution, climate and weather, and water and sanitation
infrastructure, influence the dynamics of TB transmission.

Conclusion  These findings can guide policymakers in improving and strengthening the TB
control program.

Keywords Social; environment; factors; tuberculosis; transmission

Article history

Received: 23 April 2025
Accepted: 15 July 2025
Published: 3 October 2025

2309



International Journal of Public Health Research Vol 15 No 2 2025, pp (2309-2321)

INTRODUCTION
Tuberculosis (TB) is an airborne infectious disease
which is the primary cause of mortality due to a
single infectious agent.! Despite the fact that TB
possesses a high cure rate when diagnosed promptly
and treated with appropriate antibiotics, it remains
one of the ten principal causes of mortality on a
global scale.? Living or working in overcrowded or
poorly ventilated environments, particularly where
TB rates are high, increases exposure risk.>

Over 90% of TB patients worldwide reside
in low and middle-income nations, and the disease
continues to affect those who are economically and
socially disadvantaged disproportionately.*
Environmental factors such as air quality index,
nitrogen dioxide, sulfur dioxide, carbon monoxide,
particulate matter, and weather conditions like
temperature, humidity and wind speed can promote

Mycobacterium tuberculosis ~ growth  and
reproduction.>®
According to the World Health

Organization (WHO), the elimination of TB requires
a comprehensive strategy focusing on the
underlying socioecological causes.” Growing
research revealed that the primary causes of TB
development were connected to environmental
factors.®  Thus, grasping the social and
environmental factors contributing to TB
transmission is essential. This review investigates
how TB transmission relates to various social and
environmental  factors, including  weather
conditions. The information from this review can
potentially inform policymakers on the future
direction of TB prevention and management.

METHODS

Search Strategy, Study Selection, and Results
Extraction for The Published Studies

While preparing the manuscript, we adhered to the
Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines.” The
search strategy focused on social and environmental
factors that are involved in maintaining the
transmission of TB. We systematically searched the
literature using the PubMed, Web of Science and
Scopus databases between January 1, 2013, and
December 31, 2024. Without applying any
restrictions, we used the terms “social factor*”,
“social determinant*”, “environmental factor*”,
“ecological factor*”, “environmental determinant*”
and “ecological determinant*” for the exposure, and
“Mycobacterium Tuberculosis”, “Tuberculosis” and
“TB” for the outcomes. Social determinants of
tuberculosis include key epidemiology social
determinants such as poor socioeconomic
background, underprivileged working conditions,
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and other social determinant factors, including
inadequate housing, overcrowding, poor physical
environment, health care needs and substance abuse
(alcohol/smoking) as per WHO reports. The
environment comprises the external factors and
conditions surrounding, impacting and influencing
TB transmission. The definition of the environment
encompasses the physical surroundings, including
nature, constructed spaces and pollution. DA and
SAS independently did the literature search and
article screening against the inclusive criteria. The
process involved two steps: first, screening the titles
and abstracts, followed by the full text. It is valuable
to use two review authors to provide opportunities
to explore the relevance and meaning of study
findings.!® Studies were included only if both
authors could reach a consensus decision. There
were no substantial disagreements over inclusion.
We created a PRISMA flow diagram that outlines
the number of studies accepted and rejected at each
stage of the process.

We incorporated a published paper if it met
all the criteria: original research articles such as
cohort, case—control, and cross-sectional studies,
along with mixed methods and qualitative research
that examine the social and environmental aspects
related to TB transmission, and the publication was
in English. All retrieved articles were added to the
EndNoteX7 library, where duplicate entries were
removed'!. When accessible, we gathered and
organised various characteristics from each paper
we retrieved. This included the lead author's name,
the publication year, the country of the sample
population, the article title, and relevant social and
environmental factors. Data quality was assessed
using the Mixed Method Appraisal Tool (MMAT).
The Mixed Method Appraisal Tool (MMAT) were
used to assess the study quality as it caters for
diverse study design and is efficient, comprehensive
and reliable. All reviewers extracted study data from
the included papers. This study was registered under
PROSPERO (CRD42024576664).

RESULTS

Search Results

Our database search identified 484 published
studies: 208 from Scopus; 154 from Web of Science
(WoS); and 122 from PubMed. After excluding
duplicate and non-English, 356 citations remained.
After reviewing titles and abstracts, 30 papers were
identified as potentially relevant and examined fully.
27 publications qualified for inclusion after a
thorough screening process, as illustrated in the
PRISMA flow diagram. (Figure 1).
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Figure 1 PRISMA flow diagram

Risk of Bias

We performed a quality assessment of all 27 studies
utilising the MMAT. This tool can evaluate the
methodological quality across four study categories:
quantitative descriptive studies, qualitative studies,
nonrandomized studies and mixed-methods studies.
For each category, five criteria were employed to
evaluate the quality of the study. The details of this
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Records removed before the
screening.:
Duplicate records removed
(n=128)

Records excluded after title
screening: Not related to topic
(n =326)

Reports not retrieved
(n=3)

assessment for the selected studies were presented in
Table 1. DA evaluated the quality of each study
included in the review, which was then assessed
independently by SAS. There were no substantial
disagreements over quality assessment. Table 1
presented the details of the assessment for the
chosen studies.
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Table 1 The details of the quality assessment

Author Type of study 1.1 1.2 1.3 1.4 1.5
Is the Is the sample Are the Is the risk of Is the statistical
sampling representative  measurements nonresponse  analysis appropriate
strategy of the target appropriate? bias low? to answer the
relevant to population? research question?
address  the
research
question?

Luo et al® Ecological Yes Yes Yes Yes Yes

Amoori et Quantitative Yes Yes Yes Yes Yes

a121

Giacomet et Quantitative Yes Yes Yes Yes Yes

a120

Chenetal®  Quantitative Yes Yes Yes Yes Yes

Panaiotov et Quantitative Yes Yes Yes Yes Yes

allz

Zhang et al'”  Ecological Yes Yes Yes Yes Yes

Ren et al?? Quantitative Yes Yes Yes Yes Yes

Mohidem et Quantitative Yes Yes Yes Yes Yes

a113

Sujatmiko et Quantitative Yes Yes Yes Yes Yes

a119

Monteiro De  Quantitative Yes Yes Yes Yes Yes

Castro

Fernandes et

a153

Alene et al®*  Quantitative Yes Yes Yes Yes Yes

Im & Kim#  Quantitative Yes Yes Yes Yes Yes

Luo et al® Quantitative Yes Yes Yes Yes Yes

Miandad et Quantitative Yes Yes Yes Yes Yes

a114

Huang et al'>  Quantitative Yes Yes Yes Yes Yes

Singh etal®®  Quantitative Yes Yes Yes Yes Yes

Cardoso et Quantitative Yes Yes Yes Yes Yes

3156

Rao et al*® Quantitative Yes Yes Yes Yes Yes

Taher- Quantitative Yes Yes Yes Yes Yes

Ghasemi et

alz7

Sun et al®! Quantitative Yes Yes Yes Yes Yes

Tesema et Quantitative Yes Yes Yes Yes Yes

allS

Li et al’’ Quantitative Yes Yes Yes Yes Yes

Lin & Liao®  Quantitative Yes Yes Yes Yes Yes

Smith et al**  Quantitative Yes Yes Yes Yes Yes

Wood et al®  Quantitative Yes Yes Yes Yes Yes

Lai et al® Quantitative Yes Yes Yes Yes Yes

De Oliveira Quantitative Yes Yes Yes Yes Yes

& Gongalves
16
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Description of Included Studies

All included studies were quantitative descriptive
studies. Countries where published research was
conducted included: (in order from most to least
frequent): China (10), Brazil (4), USA (2), Iran (2),
Bulgaria (1), Ethiopia (1), Hong Kong (1), India (1),

Table 2 Characteristics of included studies

Indonesia (1), Malaysia (1), Pakistan (1), South
Korea (1) and Taiwan (1). Table 2 summarized all
the included studies: name of the lead author,
publication year, title of the study, social and
environmental factors associated with transmission
of TB and result.

Author & Title Social Factors Environment Factors
Country
Luo et al® Spatial spillover effect - e Air quality (PMa.s)

of environmental factors
on the tuberculosis
occurrence among the
elderly: a surveillance
analysis for nearly a
dozen years in eastern
China

e Annual mean temperature
e Precipitation

Amoori et al’’  Identification of Risk e History of imprisonment -

Factors Associated with
Tuberculosis in
Southwest  Iran: A
Machine Learning
Method

Giacomet et A distributional -

al®® regression approach to
modelling the impact of
structural and
intermediary social
determinants on
communities burdened
by  tuberculosis in
Eastern Amazonia —
Brazil

Chen et al % A Spatio-temporal -

Bayesian model to
estimate  risk  and
influencing factors
related to tuberculosis in
Chongqing, China,
2014-2020

Panaiotov et Biodiversity of e Human
al'? Mycobacterium Bulgaria

tuberculosis in Bulgaria
Related to  Human
Migrations or
Ecological Adaptation
An Ecological Study of
Tuberculosis Incidence
in China, From 2002 to
2018
Ren et al?? Specific urban units -
identified in tuberculosis
epidemic  using a
geographical detector in
Guangzhou, China
Mohidem et Association of
al3 sociodemographic and
environmental  factors

]17

Zhang et a

Urban area
Smoking status e Carbon monoxide (CO)
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e Inadequate sewage treatment
systems

e SO;level

migration  to -

Unemployment rate e Sunshine duration
Population density

e Monthly average of the fine
particulate matter concentration
(PMa5)

e Air quality index (AQI)

e Nitrogen dioxide (NO,)
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Sujatmiko et
all 9

Monteiro  De

Castro
Fernandes et
3153

Alene et al**

Im & Kim??

Luo et al®

Miandad et al'4
1 15

Huang et a

Singh et al®’

Cardoso et al’®

Rao et al?*¢

with spatial distribution
of tuberculosis cases in
Gombak, Selangor,
Malaysia

Role of Environment
and Contact-Pattern
Factors in Pulmonary
Tuberculosis  Patients
from Bandung City,
Indonesia

Environmental and
social effects on the
incidence of
tuberculosis in three

alian municipalities and
in Federal District
Spatiotemporal patterns
of tuberculosis in Hunan
province, China

Spatial ~ pattern  of
tuberculosis (TB) and
related socio-
environmental factors in
South Korea, 2008-2016
Spatiotemporal
epidemiology of, and
factors associated with,
the tuberculosis
prevalence in northern
China, 2010-2014
Assessment  of  risk
factors associated with
spread of tuberculosis in
Gujrat city Pakistan

Space-time  clustering
and associated risk
factors of pulmonary
tuberculosis in
southwest China
Potential effect  of
household environment
on prevalence of
tuberculosis in India:
evidence from the recent
round of a cross-
sectional survey
Environmental aspects
related to tuberculosis
and intestinal parasites
in a low-income
community of  the
Brazilian Amazon
Spatial transmission and
meteorological
determinants of
tuberculosis incidence in

Household density
Time spent inside the
house

Access to drinking water
Sewage treatment (lack
off)

Lack of garbage collection
Poor basic sanitation

Population growth rate
Population  composition
ratio

Rural residence
Birth prevalence
Population density

Malnutrition

Poverty

Smoking

Housing Congestion
Accessibility to healthcare
Smoking

Urban residence

Daily exposure to smoke
(second-hand smoke)
Toilet sharing among
household
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Sulphur dioxide (SO-)

PM;o

Heavy rainfall

High humidity

High temperature

Wind speed

High atmospheric pressure
Absence of cross-ventilation

Wind speed
Radiation
Precipitation
Vapor pressure

Low sunshine exposure

SO>
Temperature

Air pressure
Sunshine duration
Number of beds

Coal used for cooking/heating

Inadequate sanitation structure
Water supply (Well water)

Temperature
Precipitation
Wind speed



Taher-
Ghasemi et al?’

Sun et al®!

Tesema et al'®

Li et al’’

Lin & Liao%®

Smith et al *

Wood et al*®®

de Oliveira &
Gongalves'¢
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Qinghai Province,
China: a spatial
clustering panel analysis
Associations  between
socio-environmental
determinants and the
risk of  pulmonary
tuberculosis in Guilan,
Iran

A spatial, social and
environmental study of
tuberculosis in China
using statistical and GIS
technology
Environmental and host-
related determinants of
tuberculosis in Metema
district, north-west
Ethiopia

Exploration of
ecological factors
related to the spatial
heterogeneity of
tuberculosis prevalence
in P. R. China

Seasonal dynamics of
tuberculosis  epidemics
and implications for
multidrug-resistant
infection
assessment
Particulate air pollution
and susceptibility to the
development of
pulmonary tuberculosis
disease in North
Carolina: an ecological
study

Quantification of Shared
Air: A Social and
Environmental
Determinant of Airborne
Disease Transmission
Social and
environmental  factors
associated  with  the
hospitalization of
tuberculosis patients

risk

e Poor house hygiene
o Inadequate
disposal

e Population density

e Household density

e Increase  occupants
sleep space / household

e Alcohol use & addiction

garbage

in

e UV irradiation (inadequate)

Building materials (brick vs
cement vs wooden-clay)

Altitude
Climate
Air quality

Availability of windows
Availability of ceiling

Air quality (NO», PMj9, SO>)
Climatic factor
Geographic factor

Seasonality
Temperature

Exposure to particulate matter
PM]() and PMz,s

Winter month

Housing type
Lack of daily garbage collection

Lai et al® Risk of tuberculosis in e House location (lower ® Air quality
high-rise  and  high floors)
density dwellings: an
exploratory spatial
analysis

Social Factors Associated with TB Transmission

A study in Bulgaria found that human migration
might have contributed to the high rate of TB in the
country. It was well documented that human
migration to Bulgaria from other parts of the world
has occurred since the 12% century, which could

virulent.!?
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have caused the genetic biodiversity of MTB in
Bulgaria, which could have made the bacilli more

Three studies have identified smoking as a
social risk factor for TB transmission. A study in
Malaysia concludes that smoking status is linked to
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TB infection, showing that smokers have a higher
risk of developing TB transmission.'*> A study in
Pakistan discovered that smokers who smoke more
than 5 cigarettes per day are also at risk of
contracting TB.'* Meanwhile, a study in China
found that non-smoker is a protective factor from
developing TB.!3

A study in Brazil found that alcohol use and
dependency have been shown to be an important risk
factor in contracting TB, as alcoholism could cause
malnutrition and reduce immunity.'’A study in
Malaysia found that TB cases are higher in more
developed and urban areas.'* A study in Pakistan
also found that there was a high TB incidence in the
urbanised part of Gujrat City, where housing
congestion coupled with high household numbers
could have contributed to the high number of TB
cases.!* A study in Zhaotong, China discovered that
urban residency is one of the main factors for TB
transmission due to overcrowding and frequent
movement of people.!* Another study in China
concludes that increased urban population density
contributes to the increased burden of TB.!7 2
studies from Ethiopia and Indonesia, respectively,
confirmed that increased household density will
increase the risk of developing TB.'®!° From their
findings, households with more than 4 family
members have three times higher chances of
contracting TB.

A study in Brazil showed a direct
correlation between TB cases and localities with
nonexistent or insufficient sewage treatment
facilities.?’ It also demonstrated that providing basic
sanitation correlates with the conditions promoting
TB spread. A study in Iran confirmed that a history
of imprisonment is an important factor for TB
transmission among the community, aside from

other sociodemographic and socioeconomic
factors.?!

Environmental Factors Associated with TB
Transmission

Six studies examine air quality as a factor in TB
transmission. A study in China conclude that a
higher monthly average of PMs correlates with
increased TB cases in the wurban area of
Guangzhou.?> A study in Malaysia discovered a
strong link between two primary pollutants, smoke
(NO,, CO, SO») and PMjo, and instances of TB
cases.!> Meanwhile, a study in Korea discovers that
environmental variables such as SO; only have
minor effects on TB incidence.?* A study conducted
in the USA discovered that prolonged exposure to
PM )y and PM; 5 may contribute to an increased risk
of TB transmission.?* Additionally, recent research
in China suggests that rising levels of PM;;s
correspond to a higher notification rate for TB and
may have a spatial spillover effect on TB incidence
among older adults.® Another study done in
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Chongging, China found that 1 pug/m? rise in SO
will increase the risk of TB infection.?’

A study in China found that farmers living
in a cold environment and at high altitude were at a
higher risk for TB infection, since during cold
weather, people tend to stay more indoors and are
exposed to more infections that could be due to poor
ventilation.?® This was also echoed by another study
in China that that the annual mean temperature is
related to increased TB cases.®

Mohidem et al discovered that heavy
rainfall and high humidity were significant risk
factors for developing TB in Malaysia.'> A study in
China also concludes that precipitation directly
affected TB spread.® Zhang et al proposed that
greater exposure to sunlight may lower TB
incidence, likely due to vitamin D production, which
is crucial for the host's response to MTB.!7 A
separate study from Iran found that insufficient UV
exposure significantly increases the risk of TB
infection, indicating that individuals residing in
homes with limited sunlight face a higher likelihood
of contracting TB.?’

Research conducted in Taiwan revealed a significant
connection between seasonality and TB incidence,
with new cases peaking in late spring to early
summer.? Conversely, Wood et al. identified that TB
rates are most elevated during winter, likely due to
increased  indoor  activities that  promote
overcrowding.?

A study conducted in China found that
individuals who primarily used coal for cooking and
heating had nine times greater odds of developing
TB infection than those who relied on electricity. '’
A study in Ethiopia discovered that not having
windows and ceilings in a home significantly
increases the likelihood of occupants contracting
TB.'® Those living in a house without a ceiling face
1.46 times greater odds of developing TB. This
might due to rooms with ceilings can reflect
radiation more effectively than those without,
potentially reducing the survival rate of airborne
mycobacteria.

DISCUSSION

Demographic Dynamics

Our study discovered that migration is one of the
social factors mentioned to have caused TB
transmission. Migration and the permanent
relocation of significant populations in new
geographic areas are thought to be the key drivers of
the global spread of illnesses. Emerging infections
in certain geographic locations can be attributed to
these events.!? Although the risk of TB infection and
disease in migrants is correlated with the incidence
of TB in their home country, the migration process
itself may raise the risk of contracting an infection
or getting TB disease.? Increased exposure risk
during migratory routes and different social and
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behavioural factors upon arrival in the host nation
might also contribute to this.30-32

Climate and Weather

It is unclear what causes seasonality in TB cases.
According to several research, spending more time
in crowded, poorly ventilated areas and increasing
the frequency of viral infection in the winter may
contribute to spreading TB.* It's important to note
that the increase in TB cases during spring can be
partially linked to a delay in diagnosing the illness
from winter.>* Symptoms like coughs and fever can
disguise the onset of a TB infection, leading to
potential delays in early diagnosis, especially during
the winter season.*

A study in the UK found that seasonality
may impact vitamin D levels and the likelihood of
contracting TB.*® Vitamin D is generated by sunlight
exposure. The active metabolite of vitamin D (25-
(OH) D) can inhibit the growth of M. tuberculosis 3
by stimulating macrophages to produce more nitric
oxide. Based on a study in Australia, the highest
frequency of TB has been discovered in regions with
decreased ultraviolet exposure and higher rates of
vitamin D insufficiency.’®

Our findings indicate that lower
temperatures significantly increased the likelihood
of TB transmission. A congested and poorly
ventilated environment during the winter may
increase TB transmission.’® Respiratory illnesses
such as influenza and respiratory syncytial virus
may weaken a person's immune system, resulting in
the springtime emergence or recurrence of TB
illness.*® Furthermore, there is evidence that the
temperature fluctuations that occur during the winter
may have an effect on the respiratory epithelium by
impeding phagocytosis and decreasing mucociliary
clearance, both of which increase susceptibility to
infection.*!

Additionally, environmental factors such
as humidity may influence the spread of TB, altering
the population's risk of infection. The incidence rate
of TB in a province of Iran was discovered to be
inversely correlated with the average annual rainfall,
which serves as another direct indicator of
humidity.* One possible explanation is that
extended exposure to dry air could reduce the
respiratory tract's capacity to generate protective
mucus, subsequently impeding the growth of
Mycobacterium tuberculosis.®

Air Quality and Pollution

Current studies indicated a correlation between the
reporting rate of TB and atmospheric pollutants such
as SOz, NO; and PM,s* Air pollution might
plausibly affect a person's susceptibility to TB by
damaging the tracheobronchial mucosa and
triggering systemic immune responses, which could
hinder the production and release of inflammatory
mediators.*
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Behavioral Factors

A study by Lonnroth et al stated that high alcohol
consumption or a diagnosis of an alcohol use
disorder corresponds to a three-fold increase in risk
of TB.?” Alcohol consumption may also increase
mycobacteria's survival inside macrophages and
reduce the generation of cytokines, which are vital
for healing processes and thus increase TB
transmission.* Research conducted in South Korea
found that smoking raises the rate of TB cases,
mortality rates, and the likelihood of TB
recurrence.*®  Smoking alters host defense
mechanisms, impacting lung function and structure,
and changes pathogen clearance pathways, resulting
in lung damage.*®

Socioeconomic Status

Socioeconomic elements also play a crucial role in
TB incidence; for example, poverty restricts access
to healthcare, resulting in delayed diagnosis and
treatment, which facilitates the disease's spread.*’
Poverty, close community interaction, and the poor
quality of water supply and sanitation contribute to
the increase in TB cases in rural areas.*® According
to a study conducted in Egypt, patients with TB in
rural areas are more likely to experience treatment
failure due to a lack of awareness regarding
treatment adherence and the long distance between

their homes and the treatment facility.*®
Malnutrition, frequently linked to poverty, weakens
the immune system, therefore increasing

vulnerability to active TB.#’

Institutional Exposure

It has long been known that prisons present a
significant risk of TB, with contact between
susceptible and infectious inmates serving as the
primary mode of transmission.** A study in South
Africa showed that the annual risks of TB
transmission were 90% due to excessive crowding
in shared cells and inadequate active case detection
of TB cases.”’

The complex interplay of elements,
including environmental variables and
socioeconomic factors, creates a web of

interconnected influences that shape the dynamics
of TB transmission. Tuberculosis is often more
prevalent among those who are economically
disadvantaged, underscoring the connection
between socioeconomic status and disease
prevalence.” This suggests that TB is not solely a
medical issue but is also deeply intertwined with
socioeconomic and environmental factors.>!>?

This systematic review identifies few
limitations. Though TB is prevalent in various
regions globally, only 27 articles meeting our search
criteria were included. It's important to recognise the
potential impact of publication bias, as grey
literature was omitted from this analysis.
Additionally, since we only considered articles
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published in English, there is a risk of language bias.
Nevertheless, our search strategy yielded literature
from multiple countries where English isn't the
primary language. Despite these limitations, this
review effectively synthesises research evidence
concerning the social and environmental factors
influencing TB transmission.

CONCLUSION

TB infection results from many factors working in
tandem to increase mycobacteria infectivity and
provide the necessary conditions for transmitting the
disease. Although previous studies highlighted that
social determinants factors as the main reason for
TB transmission, environmental factors could also
play a vital role in TB dissemination. Findings from
this systematic review showed that environmental
and socioeconomic factors, mainly housing and
living conditions, poverty, air quality and pollution,
climate and weather, and water and sanitation
infrastructure, influence the dynamics of TB
transmission.  These  findings can  guide
policymakers in improving and strengthening the
TB control program.

Declarations

Conflict of interest

The authors state that they have no conflicting
interests.

Funding Source

This research received no specific grant from
funding agencies in the public, commercial, or not-
for-profit sectors.

Ethical Approval statement
Not applicable

Availability of data and materials
The datasets used in this study are available from the
corresponding author on reasonable request

Author's contributions

SAS conceptualised the study, while DA contributed
to the methodology. DA analysed the data,
interpreted the results, and wrote the original
manuscript draft, with SAS serving as adviser. SAS
read the manuscript and provided substantial edits.
All authors reviewed and approved the final
manuscript. The authors alone are responsible for
the views expressed in this article, which do not
necessarily represent the views, decisions, or
policies of the institutions with which they are
affiliated. All authors reviewed and approved the
final manuscript.

REFERENCES

1. Bloom BR, Atun R, Cohen T, et al.
Tuberculosis. In: Holmes KK, Bertozzi S,
Bloom BR, Jha P, editors. Major Infectious

2318

10.

11.

12.

Diseases. 3rd ed. Washington (DC): The
International Bank for Reconstruction and
Development / The World Bank; 2017.
Lin CH, Lin CJ, Kuo YW, et al
Tuberculosis mortality: patient
characteristics and causes. BMC Infect Dis.
2014;14:5. doi:10.1186/1471-2334-14-5
Baker M, Das D, Venugopal K, Howden-
Chapman P. Tuberculosis associated with
household crowding in a developed
country. J Epidemiol Community Health.
2008;62(8):715-21.

Lonnroth K, Raviglione M. The WHO's
new End TB strategy in the post-2015 era
of the Sustainable Development Goals.
Trans R Soc Trop Med Hyg.
2016;110(3):148-50.

Liu Y, Cui L, Hou L, et al. Ambient air
pollution exposures and newly diagnosed
pulmonary tuberculosis in Jinan, China: a

time series study. Sci Rep.
2018;8(1):17411. doi:10.1038/s41598-
018-35869-2

Huang S, Xiang H, Yang W, et al. Short-
term effect of air pollution on tuberculosis
based on Kriged data: a time-series
analysis. Int J Environ Res Public Health.
2020;17(5):1522.
doi:10.3390/ijerph17051522

Uplekar M, Weil D, Lonnroth K, et al.
WHO's new End TB strategy. Lancet.
2015;385(9979):1799-801.
doi:10.1016/S0140-6736(15)60570-0

Luo D, Wang L, Zhang M, et al. Spatial
spillover effect of environmental factors on
the tuberculosis occurrence among the
elderly: a surveillance analysis for nearly a
dozen years in eastern China. BMC Public
Health. 2024;24(1):209.
doi:10.1186/512889-024-17644-5

Page MJ, McKenzie JE, Bossuyt PM, et al.
The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews.
BMI. 2021;372:n71. doi:10.1136/bmj.n71
Soilemezi D, Linceviciute S. Synthesizing
qualitative research: reflections and lessons
learnt by two new reviewers. Int J Qual
Methods. 2018;17(1):1609406918768014.
doi:10.1177/1609406918768014

Bramer WM, Giustini D, de Jonge GB,
Holland L, Bekhuis T. De-duplication of
database search results for systematic
reviews in EndNote. J Med Libr Assoc.
2016;104(3):240-3. doi:10.3163/1536-
5050.104.3.014

Panaiotov S, Madzharov D, Hodzhev Y.
Biodiversity of Mycobacterium
tuberculosis in Bulgaria related to human
migrations or ecological adaptation.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

International Journal of Public Health Research Vol 15 No 2 2025, pp (2309-2321)

Microorganisms. 2022;10(1):146.
doi:10.3390/microorganisms10010146
Mohidem NA, Osman M, Hashim Z,
Muharam FM, Mohd Elias S, Shaharudin
R. Association of sociodemographic and
environmental factors with  spatial
distribution of tuberculosis cases in
Gombak, Selangor, Malaysia. PLoS One.
2021;16(6):¢0252146.
doi:10.1371/journal.pone.0252146
Miandad M, Anwar MM, Ahmed S,
Rahman G, Khan MA. Assessment of risk
factors associated with spread of
tuberculosis in Gujrat city Pakistan. J
Geogr. 2019;11(1):12-9.

Huang L, Abe EM, Li XX, et al. Space-
time clustering and associated risk factors
of pulmonary tuberculosis in southwest
China. Infect Dis Poverty. 2018;7(1):91.
doi:10.1186/s40249-018-0470-z

de Oliveira NF, Gongalves MJ. Social and
environmental factors associated with the
hospitalization of tuberculosis patients.
Rev Lat Am Enfermagem. 2013;21(2):507-
14. doi:10.1590/50104-
11692013000200006

Zhang Q, Song W, Liu S, et al. An
ecological study of tuberculosis incidence
in China, from 2002 to 2018. Front Public
Health. 2021;9:766362.
doi:10.3389/fpubh.2021.766362

Tesema C, Tadesse T, Gebrehiwot M,
Tsegaw A, Weldegebreal F. Environmental
and  host-related  determinants  of
tuberculosis in Metema district, north-west
Ethiopia. Drug Healthc Patient Saf.
2015;7:87-95. doi:10.2147/DHPS.S82070
Sujatmiko B, Sukandar H, Wahyudi K,
Agustian D, Alisjahbana B. Role of
environment and contact-pattern factors in
pulmonary tuberculosis patients from
Bandung  City, Indonesia.  Biosci
Biotechnol Res Commun. 2021;14:1077-
82. doi:10.21786/bbrc/14.3/43

Giacomet CL, Ramos ACV, Moura HSD,
et al. A distributional regression approach
to modeling the impact of structural and
intermediary social determinants on
communities burdened by tuberculosis in
Eastern Amazonia, Brazil. Arch Public
Health. 2023;81(1):135.
doi:10.1186/s13690-023-01147-7

Amoori N, Cheraghian B, Amini P, Alavi
SM. Identification of risk factors
associated with tuberculosis in southwest
Iran: a machine learning method. Med J
Islam Repub Iran. 2024;38:5.

Ren H, Lu W, Li X, Shen H. Specific urban
units identified in tuberculosis epidemic
using a geographical detector in

2319

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Guangzhou, China. Infect Dis Poverty.
2022;11(1):44.

Im C, Kim Y. Spatial pattern of
tuberculosis and related socio-
environmental factors in South Korea,
2008-2016. PLoS One.
2021;16(8):e0255727.

Smith GS, Schoenbach VJ, Richardson
DB, Gammon MD. Particulate air pollution
and susceptibility to the development of
pulmonary tuberculosis disease in North
Carolina: an ecological study. Int J Environ
Health Res. 2014;24(2):103-12.

Chen ZY, Deng XY, Zou Y, et al. A spatio-
temporal Bayesian model to estimate risk
and influencing factors related to
tuberculosis in Chongqing, China, 2014—
2020. Arch Public Health. 2023;81(1):42.
Rao HX, Zhang X, Zhao L, et al. Spatial
transmission and meteorological
determinants of tuberculosis incidence in
Qinghai Province, China: a spatial
clustering panel analysis. Infect Dis
Poverty. 2016;5(1):45.

Taher-Ghasemi Y, Nikokar I,
Yazdanbakhsh AR, Sedigh Ebrahim-Saraie
H, Vakili Sadeghi R, Rajabi A.
Associations between socio-environmental
determinants and the risk of pulmonary
tuberculosis in Guilan, Iran. Arch Clin
Infect Dis. 2016;11(1):e30217.

Wood R, Morrow C, Ginsberg S, et al.
Quantification of shared air: a social and
environmental determinant of airborne
disease  transmission. PLoS  One.
2014;9(9):106622.

Lonnroth K, Mor Z, Erkens C, et al.
Tuberculosis in migrants in low-incidence
countries: epidemiology and intervention
entry points. Int J Tuberc Lung Dis.
2017;21(6):624-36.

Pareek M, Greenaway C, Noori T, Munoz
J, Zenner D. The impact of migration on
tuberculosis epidemiology and control in
high-income countries: a review. BMC
Med. 2016;14:48.

Shete P, Boccia D, Dhavan P, et al.
Defining a migrant-inclusive tuberculosis
research agenda to end TB. Int J Tuberc
Lung Dis. 2018;22(8):835-43.

Jackson S, Kabir Z, Comiskey C. Effects of
migration on tuberculosis epidemiological
indicators in low- and medium-incidence
countries: a systematic review. J Clin
Tuberc Other Mycobact Dis.
2021;23:100225.

Liu L, Zhao XQ, Zhou Y. A tuberculosis
model with seasonality. Bull Math Biol.
2010;72(4):931-52.



International Journal of Public Health Research Vol 15 No 2 2025, pp (2309-2321)

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Nagayama N, Ohmori M. Seasonality in
various forms of tuberculosis. Int J Tuberc
Lung Dis. 2006;10(10):1117-22.

Willis MD, Winston CA, Heilig CM, Cain
KP, Walter ND, Mac Kenzie WR.
Seasonality of tuberculosis in the United
States, 1993-2008. Clin Infect Dis.
2012;54(11):1553-60.

Koh GC, Hawthorne G, Turner AM, Kunst
H, Dedicoat M. Tuberculosis incidence
correlates with sunshine: an ecological 28-
year time series study. PLoS One.
2013;8(3):e57752.

Rockett KA, Brookes R, Udalova I, Vidal
V, Hill AV, Kwiatkowski D. 1,25-
Dihydroxyvitamin D3 induces nitric oxide
synthase and suppresses growth of
Mycobacterium tuberculosis in a human
macrophage-like cell line. Infect Immun.
1998;66(11):5314-21.

MacLachlan JH, Lavender CJ, Cowie BC.
Effect of latitude on seasonality of
tuberculosis, Australia, 2002-2011. Emerg
Infect Dis. 2012;18(11):1879-81.

Rios M, Garcia J, Sanchez J, Perez D. A
statistical analysis of the seasonality in
pulmonary tuberculosis. Eur J Epidemiol.
2000;16(5):483-9.

Dangor Z, Izu A, Moore DP, et al
Temporal association in hospitalizations
for tuberculosis, invasive pneumococcal
disease and influenza virus illness in South
African children. PLoS One.
2014;9(3):e91464.

Mourtzoukou E, Falagas ME. Exposure to
cold and respiratory tract infections. Int J
Tuberc Lung Dis. 2007;11(9):938-43.
Beiranvand R, Karimi A, Delpisheh A,
Sayehmiri K, Soleimani S, Ghalavandi S.
Correlation assessment of climate and
geographic distribution of tuberculosis
using geographical information system
(GIS). Iran J Public Health. 2016;45(1):86-
93.

Xiao Y, He L, Chen Y, et al. The influence
of meteorological factors on tuberculosis
incidence in Southwest China from 2006 to
2015. Sci Rep. 2018;8(1):10053.

Chong KC, Yeoh EK, Leung CC, et al.
Independent effect of weather, air
pollutants, and seasonal influenza on risk
of tuberculosis hospitalization: an analysis
of 22-year hospital admission data. Sci
Total Environ. 2022;837:155711.

Crews FT, Bechara R, Brown LA, et al.
Cytokines and alcohol. Alcohol Clin Exp
Res. 2006;30(4):720-30.

Jee SH, Golub JE, Jo J, Park IS, Ohrr H,
Samet JM. Smoking and risk of
tuberculosis incidence, mortality, and

2320

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

recurrence in South Korean men and
women. Am J Epidemiol.
2009;170(12):1478-85.

Yang H, Ruan X, Li W, Xiong J, Zheng Y.
Global, regional, and national burden of
tuberculosis and attributable risk factors for
204 countries and territories, 1990-2021: a
systematic analysis for the Global Burden
of Diseases 2021 study. BMC Public
Health. 2024;24(1):3111.

El-Shabrawy M, El-Shafei DA. Evaluation
of treatment failure outcome and its
predictors among pulmonary tuberculosis
patients in Sharkia Governorate, 2013—
2014. Egypt J Chest Dis Tuberc.
2017;66(1):145-52.

Johnstone-Robertson S, Lawn SD, Welte
A, Bekker LG, Wood R. Tuberculosis in a
South African prison: a transmission
modelling analysis. S Afr Med J.
2011;101(11):809-13.

Pathak D, Vasishtha G, Mohanty SK.
Association of multidimensional poverty
and tuberculosis in India. BMC Public
Health. 2021;21(1):2065.

Najafizada M, Rahman A, Taufique Q,
Sarkar A. Social determinants of
multidrug-resistant tuberculosis: a scoping
review and research gaps. Indian J Tuberc.
2021;68(1):99-105.

Duarte R, Lonnroth K, Carvalho C, et al.
Tuberculosis, social determinants and co-
morbidities (including HIV).
Pulmonology. 2018;24(2):115-21.
Monteiro de Castro Fernandes F, Couto
Junior AF, Braga JU, Oliveira S,
Evangelista MSN. Environmental and
social effects on the incidence of
tuberculosis in three Brazilian
municipalities and in Federal District. J
Infect Dev Ctries. 2021;15(8):1139-46.
doi:10.3855/jidc.13674.

Alene KA, XuZ,Bai L, Yi H, Tan Y, Gray
DJ, et al. Spatiotemporal patterns of
tuberculosis in Hunan Province, China. Int
J  Environ Res Public Health.
2021;18(13):6778.
doi:10.3390/ijerph18136778.

Singh SK, Kashyap GC, Puri P. Potential
effect of household environment on
prevalence of tuberculosis in India:
evidence from the recent round of a cross-

sectional survey. BMC Pulm Med.
2018;18:66. doi:10.1186/512890-018-
0627-3.

Cardoso BA, Fonseca F de O, Moraes Neto
AHA, Martins ACGS, Oliveira NV da S,
Lima LNGC, Dias GA da S, Saad MHF.
Environmental  aspects related to
tuberculosis and intestinal parasites in a



57.

58.

59.

International Journal of Public Health Research Vol 15 No 2 2025, pp (2309-2321)

low-income community of the Brazilian
Amazon. Rev Inst Med Trop Sao Paulo.
2017;59:e57. doi:10.1590/S1678-
9946201759057.

Li XX, Wang LX, Zhang J, Liu YX, Zhang
H, Jiang SW, Chen JX, Zhou XN.
Exploration of ecological factors related to
the spatial heterogeneity of tuberculosis
prevalence in P. R. China. Glob Health
Action. 2014;7:23620.
doi:10.3402/gha.v7.23620

Lin YJ, Liao CM. Seasonal dynamics of
tuberculosis epidemics and implications
for multidrug-resistant infection risk
assessment. Epidemiol Infect.
2014;142(2):358-370.
doi:10.1017/S0950268813001040.

Wood R, Morrow C, Ginsberg S, Piccoli E,
Kalil D, Sassi A, et al. Quantification of

2321

60.

61.

shared air: a social and environmental
determinant  of  airborne disease
transmission. PLoS One.
2014;9(9):106622.
doi:10.1371/journal.pone.0106622.

Lai PC, Low CT, Wong M, Wong WC,
Chan MH. Risk of tuberculosis in high-rise
and high-density dwellings: an exploratory
spatial analysis. Environ  Pollut.
2013;183:40-5.
doi:10.1016/j.envpol.2013.05.027.

Sun WY, Gong J, Zhou JP, Zhao YL, Tan
JX, Ibrahim AN, Zhou Y. A spatial, social
and environmental study of tuberculosis in
China using statistical and GIS technology.
Int J Environ Res Public Health.
2015;12(2):1425-48.
doi:10.3390/ijerph120201425.



