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Abstract
Air pollution is a ubiquitous environmental challenge, with fine particulate matter (PM 2.5) being

a prominent component, originating from diverse sources including combustion, dust, soil, biological
particles, and sea salt aerosols. This review delves into the complex interplay between PM 2.5 and its
various sources, summarize main finding and elucidating their multifaceted impact on the pulmonary
immune system and lung microbiome. PM 2.5, characterized by distinct compositions and biological
constituents, can evoke inflammatory responses, oxidative stress, and immune dysregulation within the
respiratory tract, precipitating a range of respiratory ailments. Concurrently, PM 2.5 can exert influences
on the lung microbiome, potentially unsettling microbial equilibrium and compromising its protective
functions. Dysbiosis induced by PM 2.5 exposure may not only compromise immune defenses but also
extend its influence via the gut-lung axis, impacting systemic health. Addressing the pernicious effects
of PM 2.5 necessitates a holistic approach, encompassing stringent air quality regulations, emission
reductions, cleaner energy promotion, and public awareness. Moreover, further research endeavors are
indispensable to unravel the intricate interactions and develop targeted interventions that mitigate PM 2.5-
induced perturbations in lung immunophysiology and the microbiome. This comprehensive understanding
is pivotal in fostering cleaner air, healthier lungs, and enhanced overall healthiness on a global scale.
Additionally, it also helps in development of portable air quality sensors, air quality trends research and
conduct comprehensive studies to further elucidate the health effects of different air pollutants, including
their long-term impacts on respiratory health.
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(บทความฟื� นฟูวิชาการ )

ผลกระทบของฝุ่ นละอองขนาดเล็ก PM 2.5 ต่อสรีรวิทยาภูมิคุม้กนั
และจุลินทรียไ์มโครไบโอมในปอด

เรณุกา  ณปุณยฤกษ์1, ปวริศา  เทพเสนา2, ปาณิสรา  อิงคภาคย์2,ปุญณิศา  พงศ์ธนาพาณิช3,
ปิญชาน์  ตนัติศักดิ� 4, อญัชิสา  พงศ์ชยัศรีกลุ5, พรรณพชร  ศรีกลุยนนัทน์6, สาธิต  เอี�ยมจงจนัทร์7

1โรงเรียนนานาชาติกีรพฒัน์ �� หมู่ � ซอยอยู่เยน็ ถนนรามอินทรา �� แขวงท่าแรง้ เขตบางเขน กทม.
2โรงเรียนสามเสนวิทยาลยั ���/�� ถนนพระราม � แขวงพญาไท เขตพญาไท กทม.

3โรงเรียนสาธิตมหาวิทยาลยัศรีนครินทรวิโรฒ ปทุมวนั � ถนนองัรีดนูงัต์ แขวงปทุมวนั, เขตปทุมวนั, กทม.
4โรงเรียนสวนกหุลาบวิทยาลยั ธนบุรี ��� ถนนกาญจนาภิเษก(เลียบทางด่วนสายบางขนุเทียน-พระประแดง)

แขวงท่าขา้ม เขตบางขนุเทียน กทม.
5โรงเรียนสาธิตนานาชาติ มหาวิทยาลยัมหิดล อาคารมหิดลอดลุยเดช พระศรีนครินทร ชั�น �

��� ถนนพุทธมณฑลสาย � ต.ศาลายา อ.พุทธมณฑล นครปฐม
6โรงเรียนเตรียมอุดมศึกษา ��� ถนนพญาไท เขตปทุมวนั กทม.

7ภาควิชาวิทยาศาสตร์พื�นฐานและวิทยาศาสตร์การแพทย ์คณะสหเวชศาสตร์ มหาวิทยาลยัปทุมธานี
��� หมู่ � ถนนติวานนท ์ต.บา้นกลาง อ.เมืองปทุมธานี จ.ปทุมธานี

บทคดัยอ่
มลพษิทางอากาศเป็นความทา้ทายดา้นสิ�งแวดลอ้มที�สาํคญั โดยมีฝุ่ นละอองขนาดเลก็ (PM 2.5) เป็นปจัจยัหลกั

ซึ�งมตีน้กาํเนิดมาจากแหลง่ต่าง ๆ ไดแ้ก่ การเผาไหม ้ฝุ่น ดนิ อนุภาคทางชวีภาพ และฝุ่นเกลอืทะเล บทความนี�ทาํการวเิคราะห์
ถงึความสมัพนัธร์ะหวา่ง PM 2.5 กบัแหลง่กาํเนดิ และไดส้รุปถงึผลกระทบตอ่ระบบสรรีวทิยาภูมคิุม้กนัและจุลนิทรยีไ์มโครไบโอม
ในปอด ฝุ่น PM 2.5 มอีงคป์ระกอบทางชวีภาพที�แตกต่างกนั ทาํใหเ้กดิปฏกิริยิาการอกัเสบ ภาวะเครยีดที�เกดิจากออกซเิดช ั �น
(oxidative stress) และการควบคุมระบบภูมคิุม้กนัที�ผดิปกตภิายในระบบทางเดนิหายใจ ส่งผลใหเ้กดิโรคระบบทางเดนิหายใจ
ไดห้ลายประเภท ในขณะเดยีวกนั PM 2.5 กส็ามารถมอีทิธพิลตอ่ไมโครไบโอมในปอด ซึ�งอาจทาํใหเ้กดิความไมส่มดลุของจลุนิทรยี ์
และสง่ผลต่อหนา้ที�ในการปกป้องรา่งกาย ภาวะ dysbiosis ที�เกดิจากการสมัผสั PM 2.5 ไมเ่พยีงแตส่ง่ผลตอ่ภาวะภมูคิุม้กนัเทา่นั�น
แต่ยงัส่งผลต่อระบบความสมัพนัธ์ของลาํไสแ้ละปอด (gut-lung axis) ซึ�งมีผลเสียต่อสุขภาพของร่างกาย การจดัการกบั
ผลกระทบที�เป็นอนัตรายของ PM 2.5 จาํเป็นตอ้งมแีนวทางแบบองคร์วม ซึ�งครอบคลุมกฎระเบยีบดา้นคุณภาพอากาศที�เขม้งวด
การลดการปล่อยก๊าซเรือนกระจก การส่งเสริมพลงังานที�สะอาด ตลอดจนสรา้งความตระหนกัรูข้องสาธารณชน นอกจากนี�
ควรมกีารศึกษาวจิยัเพิ�มเตมิเพื�อแกป้ญัหาและพฒันามาตรการที�ช่วยลดผลเสยีที�เกดิจาก PM 2.5 ต่อสรรีวทิยาภูมคิุม้กนัของ
ปอดและไมโครไบโอม ความเขา้ใจที�ครอบคลุมนี�จะมสี่วนสาํคญัในการส่งเสรมิอากาศที�สะอาดขึ�น ปอดมสีุขภาพดขีึ�น ส่งเสรมิ
สขุภาพในภาพรวม นอกจากนี�ยงัสามารถช่วยพฒันาเครื�องวดัคุณภาพอากาศแบบพกพา งานวจิยัเกี�ยวกบัแนวโนม้คณุภาพอากาศ
และดาํเนินการศึกษาเพิ�มเตมิถงึผลกระทบต่อสุขภาพของมลพษิทางอากาศชนิดต่าง ๆ รวมถงึผลกระทบต่อสุขภาพระบบ
ทางเดนิหายใจในระยะยาว
คาํสาํคญั : สรีรวิทยาภูมคิุม้กนั, ไมโครไบโอม, ฝุ่นละอองขนาดเลก็ PM 2.5, ภาวะเครียดที�เกดิจากออกซิเดชั�น
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elucidated the detrimental effects of PM 2.5 on the
respiratory and cardiovascular systems(5,6), the
intricate interplay between PM 2.5 exposure and the
pulmonary immune system and lung microbiome is
an area of increasing research interest.

In this context, investigating the effect of
PM 2.5 on the pulmonary immune system and lung
microbiome is vital to comprehend the underlying
mechanisms by which air pollution impacts respiratory
health. In this review, we explore the current state
of knowledge regarding the intricate interplay between
PM 2.5, the pulmonary immune system, and the lung
microbiome, underscoring the importance of further
research in this critical field of environmental health.
This research may pave the way for knowledge
strategies to mitigate the adverse effects of PM 2.5
exposure and contribute to the development of
targeted interventions aimed at safeguarding
respiratory well-being in the face of worsening air
quality worldwide.

Global PM 2.5 effect on human health
PM 2.5, consisting of tiny particles with

a diameter of 2.5 micrometres or less, is a major
component of air pollution that poses a significant
threat to human health. Due to its small size, PM 2.5
has the ability to penetrate deep into the respiratory
system, reaching the lower airways and even crossing
the alveolar barrier to enter the bloodstream(6). Once
inhaled, these particles can trigger a cascade of
adverse effects on the respiratory system. One of
the primary health implications of PM 2.5 exposure
is its capacity to induce inflammation in the respiratory
tract(12). When PM 2.5 particles contact with lung
tissues, they can activate immune cells, such as
macrophages and neutrophils, to release pro-inflam-
matory cytokines(13). This inflammatory response is
an attempt by the immune system to clear the

foreign particles from the lungs. However, chronic
exposure to elevated PM 2.5 levels can result in
persistent inflammation, leading to damage and
remodelling of lung tissues over time(14). This
impaired lung function can manifest as reduced
lung capacity and increased susceptibility to
respiratory infections.

Moreover, PM 2.5 is known to generate
reactive oxygen species (ROS) upon interaction with
cells in the respiratory tract. ROS are highly reactive
molecules that can cause oxidative stress, leading
to cellular damage and dysfunction(15). This oxidative
stress further exacerbates the inflammatory response,
creating a vicious cycle of immune system activation
and tissue damage. The impact of PM 2.5 is not
limited to the respiratory system alone. Studies
have shown that these fine particles can enter the
bloodstream and disseminate throughout the body,
contributing to systemic inflammation and affecting
other organs and systems(16,17). The cardiovascular
system is vulnerable to the adverse effects of PM 2.5
exposure(18). The particles can promote atherosclerosis,
the build-up of plaque in arterial walls, and increase
the risk of cardiovascular diseases, including heart
attacks and strokes(19).

Additionally, emerging research has pointed
towards the influence of PM 2.5 on the lung
microbiome, a diverse community of microorganisms
that inhabit the respiratory tract(20). Alterations in
the lung microbiome composition due to PM 2.5
exposure can disrupt the delicate balance between
beneficial and harmful bacteria, potentially
exacerbating respiratory conditions and impairing
local immunity(21). Thus, PM 2.5 represents a formidable
environmental hazard with far-reaching consequences
for human health. Its ability to elicit inflammation,
oxidative stress, immune dysregulation and lung
microbiome system interfering.
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Lung microbiome is a complex and diverse
community of microorganisms that inhabit the
respiratory tract. Traditionally, the lungs were
believed to be sterile environments, but advances in
sequencing technologies have revealed the presence
of a vast array of bacteria, viruses, fungi, and other
microorganisms in the lower respiratory tract(22).
The lung microbiome interacts dynamically with
the host’s immune system, influencing respiratory
health and disease outcomes. There are many
bacteria are identified in human lung including
Streptococcus spp, Haemophilus influenzae,
Prevotella spp., Veillonella spp., and Fusobacterium
spp(23). The composition and diversity of the lung
microbiome can be influenced by various factors,
including environmental exposures, such as air
pollution and smoking, as well as the host’s genetics,
age, and overall health status(24). Studies have shown
that the lung microbiome of healthy individuals
typically consists of a balanced and diverse microbial
community, contributing to immune homeostasis and
lung function maintenance(24).

One critical role of the lung microbiome
is its involvement in immune modulation. The
presence of beneficial microorganisms can stimulate
the host’s immune system, promoting a balanced
and appropriate immune response to potential
pathogens(25,26). This interaction helps to prevent
the overactivation of the immune system, which
could lead to chronic inflammation and tissue
damage(27,28). Moreover, the lung microbiome serves
as a protective barrier against pathogenic invaders(29).

By occupying niche spaces and competing
for resources, beneficial microorganisms can limit
the growth and colonization of harmful pathogens(30). This
“competitive exclusion” can be crucial in preventing
infections and maintaining lung health. However,
disturbances in the lung microbiome, known as

dysbiosis, have been associated with various
respiratory diseases(31). Chronic respiratory conditions,
such as asthma, COPD, and cystic fibrosis, have
been linked to alterations in the lung microbiome
composition. Dysbiosis can lead to an imbalanced
immune response, impaired host-microbe interactions,
and increased susceptibility to respiratory infections(32,33).
Furthermore, emerging evidence suggest that
environmental factors, including air pollution, may
impact the lung microbiome(4,32). Exposure to fine
particulate matter (PM 2.5) and other air pollutants
has been associated with changes in the respiratory
microbiota, potentially contributing to respiratory
diseases and exacerbating existing conditions(34).

Thus, the lung microbiome plays a vital
role in maintaining respiratory health and influencing
immune responses within the respiratory tract.
Its complex and delicate balance can be influenced
by various factors, including environmental exposures,
genetics, and overall health. Understanding the
dynamics of the lung microbiome is crucial for
advancing our knowledge of respiratory diseases and
developing innovative approaches to promote lung
health.

PM 2.5, lung immune cell and microbiome
1) Combustion-derived PM 2.5
The impact of combustion-derived PM 2.5

on lung health extends beyond its immediate
respiratory effects, reaching into the intricate realm
of lung immunopathology and the delicate balance
of the lung microbiome as depicted in the Figure 1(9,35).
The toxic components of combustion-derived
PM 2.5, such as polycyclic aromatic hydrocarbons
(PAHs), heavy metals, and volatile organic compounds
(VOCs), can elicit harmful immune responses
and lead to immunopathological changes in the
respiratory system(36). Combustion-derived PM 2.5
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exacerbate respiratory conditions(46). Furthermore, the
alterations in the lung microbiome induced by
combustion-derived PM 2.5 can also affect the
metabolism and breakdown of the particles within
the respiratory tract(11). Beneficial microorganisms
may possess enzymatic capabilities that can modify
or degrade certain components of PM 2.5, potentially
influencing their persistence and toxicity in the lungs.
Dysbiosis may impair these metabolic processes,
leading to prolonged exposure to harmful pollutants
and increased damage to lung tissues.

2) Secondary PM 2.5 compounds
Secondary PM 2.5 is formed by chemical

reactions of atmosphere gases with solid and liquid
particles including particles from oil refining and pulp
and paper industrial production process. One of the
keyways in which secondary PM 2.5 impacts lung
immunophysiology is by triggering inflammation in
the respiratory tract as illustrated in the Figure 1.
The particles contain chemical components that can
activate immune cells, such as macrophages and
dendritic cells. These immune cells recognize the
foreign particles as threats and initiate an immune
response to remove them from the lungs. However,
chronic exposure to secondary PM 2.5 can lead to
persistent immune activation, resulting in the
continuous release of pro-inflammatory cytokines and
chemokines(9). The sustained inflammation in the
lungs caused by secondary PM 2.5 can lead to tissue
damage, disrupt lung function, and contribute to the
development or exacerbation of respiratory diseases,
such as asthma, chronic bronchitis, and COPD(6).
Moreover, the chronic inflammatory state may also
affect the lung’s immune microenvironment,
influencing the balance of immune cell populations
and altering immune responses. Additionally,
secondary PM 2.5 can modulate the adaptive
immune response in the respiratory tract(47). The

particles may act as adjuvants, enhancing the
immune system’s recognition of allergens and other
environmental antigens(48). This can lead to an
exaggerated immune response, with the production
of excessive levels of antibodies and immune cells,
contributing to allergic reactions and respiratory
hypersensitivity(49). Furthermore, the ability of
secondary PM 2.5 to generate oxidative stress is
also relevant to lung immunophysiology. The fine
particles can produce reactive oxygen species (ROS)
upon contact with lung cells, leading to cellular
damage and oxidative stress(49). The ROS generated
by secondary PM 2.5 can activate immune cells
and trigger inflammation, further exacerbating
immunological responses in the respiratory tract(15).

Studies have shown that exposure to
secondary PM 2.5 can lead to alterations in the
composition and diversity of the lung microbiome.
Chronic exposure to these fine particles may result
in dysbiosis, an imbalance in the microbial
community(9,35), and a shift in the relative abundance
of certain microbial species. Dysbiosis induced by
secondary PM 2.5 can have several implications for
respiratory health including mucus production and
clearance, infection susceptibility, ROS generation
and increasing in bacterial resistance(15,47-49).

3) Dust and soil particle PM 2.5
Crustal PM 2.5 can have various effects on

lung immunophysiology, influencing the respiratory
immune response and potentially leading to adverse
respiratory health outcomes as presented in the
Figure 1(50). One of the keyways in which crustal
PM 2.5 impacts lung immunophysiology is through
its ability to trigger inflammation in the respiratory
tract(51). These particles can carry pro-inflammatory
substances and antigens, such as endotoxins and
allergens, which can activate immune cells in the lungs(50).
The activated immune cells, such as macrophages
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community in the respiratory tract(65). Dysbiosis
induced by biological PM 2.5 can have several
implications for respiratory health. Additionally, some
bioaerosols, such as bacteria and fungi, may
possess enzymatic capabilities that can modify or
degrade certain components of PM 2.5 particles(66).
Dysbiosis induced by biological PM 2.5 may impair
these metabolic processes, potentially influencing
the persistence and toxicity of PM 2.5 particles in
the lungs(67).

5) Biomass and wildfire burning PM 2.5
The fine particles from biomass and

wildfire burning can also carry biological materials,
such as endotoxins and allergens, which can further
amplify the immune response as demonstrated in
the Figure 1. These biological components can
trigger allergic reactions and exacerbate respiratory
hypersensitivity, particularly in individuals with
pre-existing allergies(67). Additionally, exposure to
biomass and wildfire burning PM 2.5 can impair the
lung’s innate immune defenses. The particles can
interfere with the function of immune cells, such as
macrophages and dendritic cells, that play a crucial
role in recognizing and clearing pathogens from the
lungs(68). This impairment of the innate immune
response may compromise the lung’s ability to defend
against infections and other environmental threats(68).
Furthermore, biomass and wildfire burning PM 2.5
can generate oxidative stress in the respiratory
tract(69). The particles contain reactive species, such
as PAHs, that can produce reactive oxygen species
(ROS) upon contact with lung cells(70). The excessive
production of ROS overwhelms the body’s antioxidant
defense mechanisms, leading to oxidative damage
to cellular structures and further exacerbating the
inflammatory response(71).

Limited research has explored the specific
effects of biomass and wildfire burning PM 2.5 on

the lung microbiome. However, it is plausible that
exposure to these fine particles may lead to
alterations in the composition and diversity of the
lung microbiome resulting in dysbiosis and
imbalance in the microbial species(5,72).

6) Sea salt aerosol PM 2.5
Sea salt aerosols can reach the lower

respiratory tract, where they can interact with immune
cells and lung tissues. The primary component of
sea salt aerosols is sodium chloride (NaCl), which is
relatively inert(73). However, studies have shown that
sea salt aerosols can modulate immune responses
and affect lung immunophysiology through several
mechanisms shown in Figure 1 as well. One significant
effect of sea salt aerosols on lung immunophysiology
is their ability to trigger inflammation in the respiratory
tract(74,75). While NaCl is not inherently inflammatory,
sea salt aerosols can act as carriers for other bioactive
substances present in the atmosphere. For example,
sea salt particles can adsorb pollutants and allergens,
such as nitrogen oxides (NOx) and pollen, onto their
surfaces(76). These particles can activate immune cells,
such as macrophages and dendritic cells, leading to
the release of pro-inflammatory cytokines and
chemokines(77). This can result in localized
inflammation in the lungs, contributing to
respiratory symptoms and exacerbation of respiratory
conditions, especially in individuals with pre-existing
respiratory diseases(77). Sea salt aerosols can also
impact the immune system by affecting the
mucosal barrier function in the respiratory tract.
The aerosols can alter the epithelial barrier’s
integrity, making it more permeable to pathogens
and other particles. This disruption of the mucosal
barrier can compromise the first line of defense against
respiratory infections, increasing susceptibility to viral
and bacterial respiratory diseases(78,79). Furthermore,
sea salt aerosols may influence the activation and
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Conclusion
In conclusion, the intricate relationship

between PM 2.5 and its diverse sources and their
impact on the lung’s immunophysiology and
microbiome underscores the critical importance of
understanding the multifaceted nature of air
pollution’s effects on respiratory health. Particulate
matter, especially PM 2.5, is not a uniform entity
but a complex mixture originating from various
anthropogenic and natural sources. Each type of
PM 2.5 carries distinct chemical compositions and
biological components that interact with the
respiratory immune system and the lung microbiome
in unique ways. The immunopathological effects of
PM 2.5 involve triggering inflammation, oxidative
stress, and immune dysregulation in the respiratory
tract. These effects can lead to a spectrum of
respiratory disorders, from acute exacerbations to
chronic diseases, affecting individuals’ quality of life
and imposing a considerable burden on public health
systems. Similarly, PM 2.5 can significantly
influence the lung microbiome, disrupting its
equilibrium and compromising its protective and
regulatory functions. Dysbiosis induced by PM 2.5
exposure may leave the respiratory tract more
vulnerable to infections and exacerbate existing
respiratory conditions. Moreover, further research is
imperative to delve deeper into the nuanced
interactions between different types of PM 2.5, the
immune system, and the microbiome. This knowledge
can pave the way for targeted interventions,
therapies, and preventive measures that could
enhance the lung’s resilience against the adverse
effects of PM 2.5 exposure. Preventing the long-term
health effects of PM 2.5 exposure on different
populations, including vulnerable groups such as
children, the elderly, and individuals with pre-existing
health conditions by avoiding assessing the indoor

and outdoor environments, workplaces, and
transportation. Moreover, risk assessment findings
to inform the development of air quality standards
and regulations aimed at reducing PM2.5 levels and
protecting public health still legal need including
industrial activities, transportation, and residential
combustion to reduce PM 2.5 exposure and
protecting vulnerable populations from the adverse
effects of air pollution.
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