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This review summarizes the research progress over the past 30 years on the
relationship between Mycoplasma pneumoniae infection and chronic respiratory
diseases such as asthma, chronic obstructive pulmonary disease (COPD), and
bronchiectasis. Mycoplasma pneumoniae is a common cause of community-
acquired pneumonia, particularly in children and young adults. Key findings
from recent studies indicate that M. pneumoniae infection is associated with
a higher risk of asthma exacerbations and may contribute to the development
of bronchiectasis in susceptible individuals. Additionally, emerging evidence
suggests that M. pneumoniae-induced immune dysregulation plays a crucial
role in the pathogenesis of chronic lung diseases. This review aims to summarize
the current understanding of the potential links between M. pneumoniae
pneumonia and various chronic respiratory conditions, including asthma,
chronic obstructive pulmonary disease (COPD), and bronchiectasis. We discuss
the epidemiological data, pathogenic mechanisms, clinical manifestations,
and long-term consequences of M. pneumoniae-related respiratory illnesses.
Additionally, we highlight the challenges in diagnosis and treatment, as well as
future research directions in this field.
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Introduction

Mycoplasma pneumoniae is increasingly recognized as a significant factor in the
development and exacerbation of chronic lung diseases. While traditionally known as a
common cause of community-acquired pneumonia, recent evidence suggests that
M. pneumoniae infection may have far-reaching consequences on respiratory health (1, 2).
This review focuses on the association between M. pneumoniae pneumonia and the
development or worsening of asthma, chronic obstructive pulmonary disease (COPD),
and bronchiectasis.
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Mycoplasma pneumoniae is a small, cell wall-deficient bacterium
belonging to the class Mollicutes, characterized by its ability to adhere
to and invade respiratory epithelial cells (3). Despite its minute size
and lack of a rigid cell wall, M. pneumoniae possesses a remarkable
array of virulence factors that enable it to colonize and persist within
the respiratory tract, evade host immune defenses, and induce
inflammatory responses (4).

The pathogenesis of M. pneumoniae respiratory infections is
multifaceted, involving both direct cytotoxic effects on host cells and
indirect mechanisms that dysregulate the host’s immune responses
(5). The adherence and invasion of M. pneumoniae to respiratory
epithelial cells can lead to cell injury, disruption of the epithelial
barrier, and impairment of mucociliary clearance (6). Additionally,
M. pneumoniae can induce the release of various pro-inflammatory
cytokines and chemokines, triggering an exaggerated inflammatory
response and contributing to airway hyperresponsiveness and
remodeling (7).

While M. pneumoniae infections are typically self-limiting in
healthy individuals, they can have more severe consequences in
certain populations, such as those with underlying respiratory
conditions or compromised immune systems (8). The interplay
between M. pneumoniae and chronic lung diseases is an area of
increasing research interest, as emerging evidence suggests that this
atypical bacterial pathogen may play a significant role in the
development, exacerbation, and progression of various respiratory
disorders. We focus on M. pneumoniae due to its unique characteristics
that enable evasion of host defenses and antibiotics, potential long-
term effects on respiratory health beyond acute infections, and the
increasing prevalence of antibiotic-resistant strains. This review is the
first to comprehensively synthesize recent findings on the multifaceted
relationship between M. pneumoniae infection and various chronic
lung diseases, integrating epidemiological data, pathogenic
clinical manifestations, and

mechanisms, emerging

therapeutic approaches.

Asthma

Several epidemiological studies have reported a higher prevalence
of M. pneumoniae infection among individuals with asthma compared
to non-asthmatic controls (9, 10). Furthermore, M. pneumoniae has
been implicated as a contributing factor in asthma exacerbations, with
increased hospitalizations and emergency department visits observed
by which
M. pneumoniae may contribute to asthma pathogenesis and

during outbreaks. The underlying mechanisms
exacerbations are not fully understood but are thought to involve a
combination of direct epithelial injury, mucus hypersecretion, and the
induction of airway inflammation and hyperresponsiveness (11).

Chronic obstructive pulmonary
disease (COPD)

Mycoplasma pneumoniae has also been associated with acute
exacerbations of COPD, with several studies reporting its presence in
a significant proportion of COPD exacerbations (12). These
exacerbations are often characterized by increased dyspnea, cough,
and sputum production, and can lead to accelerated lung function
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decline and disease progression (13). The mechanisms by which
M. pneumoniae contributes to COPD exacerbations are not well-
defined but may involve airway inflammation, impaired mucociliary
clearance, and structural changes in the airways (14).

Bronchiectasis

Bronchiectasis is a chronic respiratory condition characterized by
permanent dilation and structural damage of the bronchi, often
resulting from recurrent or persistent respiratory infections (15).
Several case reports and studies have documented the development or
worsening of bronchiectasis following M. pneumoniae pneumonia,
particularly in children and adults with underlying conditions such as
immunodeficiency or ciliary dyskinesia (16-18). M. pneumoniae may
contribute to the pathogenesis of bronchiectasis by inducing airway
inflammation, mucus hypersecretion, and structural airway
damage (19).

Despite the growing body of evidence linking M. pneumoniae
infections to chronic lung diseases, there are still significant gaps in
our understanding of the underlying mechanisms, long-term
consequences, and optimal management strategies. This review aims
to provide a comprehensive overview of the current research progress
in this field, highlighting the epidemiological data, pathogenic
mechanisms, clinical manifestations, and potential long-term
respiratory outcomes associated with M. pneumoniae-related chronic
lung diseases. Additionally, we will discuss the challenges in diagnosis
and treatment, as well as future research directions that could further
elucidate this important area of respiratory medicine.

By elucidating the intricate relationships between M. pneumoniae
and chronic lung diseases, researchers and clinicians can gain valuable
insights into disease pathogenesis, identify potential therapeutic
targets, and develop more effective prevention and management
strategies. Ultimately, this knowledge can contribute to improved
clinical outcomes and quality of life for individuals affected by these
debilitating respiratory conditions.

Epidemiology
Mycoplasma pneumoniae and asthma

The association between M. pneumoniae infection and various
chronic lung diseases, particularly asthma, COPD, and bronchiectasis,
has been increasingly recognized through numerous epidemiological
studies conducted across different populations and age groups (20).
These studies have not only highlighted the higher prevalence of
M. pneumoniae infection among individuals with these respiratory
conditions but have also provided insights into the potential role of
this atypical pathogen in disease exacerbations and long-term
respiratory outcomes.

Several large-scale epidemiological studies have consistently
reported a higher prevalence of M. pneumoniae infection among
individuals with asthma compared to non-asthmatic controls (21-
23). For instance, a retrospective study by Esposito et al. (24)
involving 956 children aged 1-14years found that the prevalence of
M. pneumoniae infection was significantly higher in children with
asthma (24.6%) compared to those without asthma (8.8%).
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Furthermore, the study revealed that asthmatic children with
M. pneumoniae infection had a higher risk of developing severe
respiratory complications, such as respiratory failure and pneumonia.
Another study by Wood et al. (25) investigated the role of
M. pneumoniae and Chlamydia pneumoniae in children with acute
asthma exacerbations. The researchers found that M. pneumoniae was
detected in 64% of patients with acute asthma, 65% of patients with
refractory asthma, and 56% of healthy controls, suggesting a potential
contribution to the exacerbation of asthma symptoms.

The association between M. pneumoniae epidemics and increased
asthma hospitalizations has also been well-documented (26). A study
by Sutherland and Martin (27) examined the temporal relationship
between M. pneumoniae epidemics and asthma hospitalizations in
children. The authors reported a strong correlation between
M. pneumoniae epidemics and increased asthma hospitalizations,
highlighting the potential role of this pathogen in triggering
asthma exacerbations.

Mycoplasma pneumoniae and COPD

The epidemiological link between M. pneumoniae and COPD
exacerbations has been explored in several studies (13). Llor and
Bjerrum (28) conducted a prospective study involving 311 patients
with COPD and found that M. pneumoniae was responsible for
approximately 10% of acute exacerbations. Furthermore, the study
revealed that M. pneumoniae-associated exacerbations were more
likely to be severe and required hospitalization. In another study by
Meloni et al. (29), the authors investigated the role of atypical
pathogens, including M. pneumoniae, in COPD exacerbations. 17.5%
of patients with community-acquired pneumonia and 6.7% of patients
with acute COPD episodes were found to be infected with
M. pneumoniae. Importantly, patients with M. pneumoniae-associated
exacerbations had a higher risk of severe exacerbations and a longer
duration of those with other

symptoms compared to

respiratory pathogens.

Mycoplasma pneumoniae and
bronchiectasis

The epidemiological evidence linking M. prneumoniae infection to
bronchiectasis has been derived primarily from case reports and
smaller studies (30-32). However, these studies have consistently
demonstrated a potential role of M. pneumoniae in the development
or worsening of bronchiectasis, particularly in children and
individuals with underlying conditions that predispose them to
respiratory infections. A study by Chang and Redding (33) investigated
the incidence of post-infection bronchiectasis caused by
M. pneumoniae in children with asthma. The researchers found that
among children with asthma who developed post-infectious
bronchiectasis, M. pneumoniae was the most commonly identified
pathogen, suggesting a significant contribution to the development of
this chronic respiratory condition. Similarly, King et al. (34) conducted
a retrospective study examining the association between
M. pneumoniae infection and bronchiectasis in adults. The study
identified a subset of patients with non-cystic fibrosis bronchiectasis

who had a history of M. pneumoniae infection, supporting the
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potential role of this pathogen in the pathogenesis of bronchiectasis
in adults.

While these epidemiological studies have provided valuable
insights into the association between M. pneumoniae and chronic lung
diseases, it is important to note that the interpretation of these findings
should be approached with caution. Many of these studies are
observational in nature, making it difficult to establish a direct causal
relationship. Additionally, the presence of confounding factors, such
as co-infections with other respiratory pathogens or underlying
comorbidities, may influence the observed associations. To further
strengthen the epidemiological evidence, larger-scale, prospective
studies with rigorous control for potential confounding factors are
needed. These studies should also incorporate detailed clinical and
laboratory data, as well as long-term follow-up, to better understand
the temporal relationship between M. pneumoniae infection and the
development or exacerbation of chronic lung diseases.

Overall, the growing body of epidemiological evidence highlights
the significant association between M. pneumoniae infection and
chronic lung diseases, particularly asthma, COPD, and bronchiectasis.
It is important to acknowledge their limitations. Sample sizes vary
considerably across studies, potentially affecting the reliability and
generalizability of results. Geographical differences in M. pneumoniae
prevalence and strain distribution may also influence findings.
Additionally, variations in diagnostic methods and study designs can
make direct comparisons challenging. Future epidemiological
research should focus on large-scale, multicenter studies with
standardized diagnostic approaches to better elucidate the true
prevalence and impact of M. pneumoniae in chronic lung diseases
across diverse populations and regions.

Pathogenic mechanisms

The pathogenic mechanisms underlying the association between
Mycoplasma pneumoniae and chronic lung diseases are multifaceted
and involve a complex interplay between the bacterial virulence
factors, host immune responses, and respiratory tissue damage (35).
While the exact mechanisms are not fully elucidated, current research
has shed light on several direct and indirect pathways through which
M. pneumoniae contributes to the development and exacerbation of
chronic respiratory conditions.

Mycoplasma pneumoniae infection can significantly impact
immune function in chronic lung diseases. In asthma, M. pneumoniae
has been shown to induce a Th2-biased immune response, leading to
increased production of IL-4 and IL-5, which contribute to airway
hyperresponsiveness and eosinophilic inflammation (36). In COPD,
M. pneumoniae infection can exacerbate the already dysregulated
immune response, leading to increased neutrophilic inflammation
and oxidative stress. In bronchiectasis, M. pneumoniae may impair
mucociliary clearance and innate immune defenses, promoting
chronic bacterial colonization and recurrent infections (37).

Direct effects

Mycoplasma pneumoniae possesses specialized adhesive proteins
and cytadherence accessory proteins that facilitate its adherence and
invasion into respiratory epithelial cells (38). This intimate interaction
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with host cells is a critical step in the pathogenesis of M. pneumoniae
infections and can lead to several detrimental effects on the
respiratory epithelium.

Upon adherence and internalization, M. pneumoniae can induce
cytotoxic effects on respiratory epithelial cells through various
mechanisms, including the production of cytolytic proteins, the
induction of apoptosis, and the generation of reactive oxygen species
(39). This cytotoxicity results in epithelial cell damage, disruption of
the epithelial barrier integrity, and impairment of mucociliary
clearance mechanisms (40).

Mycoplasma pneumoniae infection has been shown to stimulate
excessive mucus production by respiratory epithelial cells, leading to
mucus hypersecretion and airway obstruction (40). This effect is
mediated by the ability of M. pneumoniae to induce the expression of
mucin genes and the activation of signaling pathways involved in
mucus production (41).

Mycoplasma pneumoniae can trigger potent inflammatory
responses in the respiratory tract by activating pattern recognition
receptors (PRRs) on host cells, leading to the production of
pro-inflammatory cytokines, chemokines, and other mediators (42).
This
hyperresponsiveness, tissue damage, and remodeling processes

excessive inflammation can contribute to airway

associated with chronic lung diseases.

Indirect effects

Mycoplasma pneumoniae infection can dysregulate the hosts
immune responses, leading to an imbalance between
pro-inflammatory and anti-inflammatory mediators (11). This
dysregulation may result in persistent airway inflammation, even after
the resolution of the acute infection, thereby perpetuating the
pathogenic processes underlying chronic lung diseases.

Emerging evidence suggests that M. pneumoniae infection may
trigger autoimmune responses through molecular mimicry or other
mechanisms (43). These autoimmune reactions can target self-
antigens in the respiratory tract, leading to sustained inflammation
and tissue damage, contributing to the development or exacerbation
of chronic lung diseases.

The chronic inflammation induced by M. pneumoniae infection
can initiate and perpetuate airway remodeling processes, including
smooth muscle hyperplasia, subepithelial fibrosis, and angiogenesis
(44). These structural changes in the airways can lead to airflow
obstruction, impaired lung function, and the progression of chronic
respiratory conditions.

In individuals with pre-existing chronic lung diseases, such as
asthma, COPD, or bronchiectasis, M. pneumoniae infection can act as
a trigger for acute exacerbations (45). The inflammatory and tissue-
damaging effects of M. pneumoniae can exacerbate underlying
respiratory conditions, leading to more severe symptoms, lung
function decline, and increased disease burden. The pathogenic
mechanisms of M. pneumoniae are further complicated by the ability
of this pathogen to form biofilms, which can enhance its persistence,
resistance to antimicrobial agents, and potential for chronic or
recurrent infections (46, 47). Additionally, the interplay between
M. pneumoniae and other respiratory pathogens or environmental
factors may contribute to the development and progression of chronic

lung diseases through synergistic or additive effects (48).
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Understanding the complex pathogenic mechanisms involved in
M. pneumoniae-associated chronic lung diseases is crucial for the
development of effective therapeutic and preventive strategies.
Ongoing research efforts are focused on elucidating the intricate
molecular and cellular interactions between M. prneumoniae and host
cells, as well as identifying potential therapeutic targets to mitigate the
detrimental effects of this atypical pathogen. Furthermore, the role of
host genetic factors, environmental exposures, and comorbidities in
modulating the pathogenic mechanisms of M. pneumoniae should
be explored. By unraveling the intricate interplay between these
factors, researchers can gain a more comprehensive understanding of
the complex pathways leading to chronic lung diseases and develop
tailored interventions for different patient populations.

Clinical manifestations

The clinical manifestations of M. pneumoniae-associated chronic
lung diseases can vary substantially depending on the underlying
respiratory condition, the severity of the infection, and the age and
immune status of the affected individual (49). While some patients
may experience acute exacerbations or worsening of pre-existing
symptoms, others may develop more insidious or persistent
respiratory complaints. Understanding these diverse clinical
presentations is crucial for prompt recognition, appropriate
management, and prevention of long-term complications.

Mycoplasma pneumoniae infection is a well-recognized trigger for
acute asthma exacerbations, characterized by increased cough,
wheezing, shortness of breath, and airway obstruction (50). These
exacerbations can range from mild to life-threatening and often
require intensification of bronchodilator and corticosteroid therapy
7).
hyperresponsiveness and lung function impairment following

Several studies have reported persistent airway
M. pneumoniae infection in asthmatic individuals (51). This sustained
airway hyperresponsiveness may contribute to ongoing respiratory
symptoms and increased susceptibility to future asthma exacerbations.
M. pneumoniae infection has been associated with reduced
responsiveness to corticosteroid treatment in asthmatic patients,
potentially contributing to more severe and prolonged exacerbations
(52). The mechanisms underlying this steroid resistance are not fully
understood but may involve the induction of inflammatory pathways
that interfere with the anti-inflammatory effects of corticosteroids.
Chronic or recurrent M. pneumoniae infections in asthmatic
individuals have been linked to airway remodeling processes, such as
smooth muscle hyperplasia, subepithelial fibrosis, and goblet cell
hyperplasia (53). These structural changes in the airways can lead to
fixed airflow obstruction and progressive lung function decline.
Mycoplasma pneumoniae is a well-documented cause of acute
exacerbations in COPD patients, characterized by increased dyspnea,
cough, and sputum production (54). These exacerbations can
be severe and may require hospitalization, contributing to a significant
disease burden and healthcare utilization. Lung Function Decline:
Several studies have suggested that M. pneumoniae-associated COPD
exacerbations may contribute to accelerated lung function decline and
disease progression (55). The inflammatory and tissue-damaging
effects of M. pneumoniae may exacerbate the underlying pathological
processes in COPD, leading to more rapid lung function deterioration.
M. pneumoniae has been identified as a risk factor for increased
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mortality in COPD patients, particularly during periods of acute
exacerbations (56). This increased mortality risk may be related to the
severity of the exacerbations, the development of respiratory
complications, and the potential for impaired immune responses in
COPD patients. In severe cases, M. pneumoniae-associated COPD
exacerbations can lead to acute respiratory failure, requiring intensive
This
complication is more common in patients with advanced COPD,

care unit admission and mechanical ventilation (57).

underlying comorbidities, and severe exacerbations.

Mycoplasma pneumoniae infection can trigger acute exacerbations
of bronchiectasis, characterized by increased cough, sputum
production, and respiratory distress (58). These exacerbations can lead
to further lung damage and may require antibiotic treatment and
supportive care. M. pneumoniae may contribute to the progression of
bronchiectasis by causing airway inflammation, mucus hypersecretion,
and structural changes in the airways (59). This ongoing airway
damage can lead to further bronchial dilation and exacerbate the
vicious cycle of infection, inflammation, and airway remodeling.
Patients with bronchiectasis and M. pneumoniae infection may
experience worsening lung function and increased respiratory
symptoms, such as dyspnea and exercise intolerance (60). This
impairment in lung function can significantly impact quality of life
and contribute to the overall disease burden. In severe cases,
M. pneumoniae-associated bronchiectasis exacerbations can lead to
respiratory  failure, other

pneumonia, or life-threatening

complications, particularly in individuals with underlying
immunodeficiency or advanced bronchiectasis (61).

In addition to the clinical manifestations in asthma, COPD, and
bronchiectasis, M. pneumoniae infection has been associated with
various other respiratory presentations, including: organizing
pneumonia (62), pleurisy and pleural effusions (63), pulmonary
nodules and infiltrates (64), and cough and respiratory distress (65).

The clinical manifestations of M. pneumoniae-associated chronic
lung diseases can vary widely, ranging from acute exacerbations to
persistent respiratory symptoms and progressive lung function
decline. M. pneumoniae-induced exacerbations in chronic lung
diseases may feature gradual onset, persistent cough, extrapulmonary
symptoms, and poor response to beta-lactam antibiotics. However,
these are not definitive, and laboratory confirmation is necessary for
diagnosis. Hospitalization or prolonged illness in chronic lung disease
patients is not solely due to M. pneumoniae infection. The underlying
lung disease severity significantly influences outcomes. M. pneumoniae
may trigger exacerbations, but the clinical picture results from
interactions between the pathogen, host immune response, and
pre-existing condition. Early recognition and appropriate management
of these manifestations are crucial to prevent long-term complications
and improve patient outcomes. Additionally, understanding the
diverse clinical presentations can aid in the development of targeted
diagnostic and therapeutic strategies tailored to specific patient

populations and disease phenotypes.

Diagnosis

The accurate and timely diagnosis of Mycoplasma pneumoniae
infection in patients with chronic lung diseases poses several
challenges due to the limitations of currently available diagnostic
methods, the potential for co-infections with other respiratory
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pathogens, and the diverse clinical presentations (66). Nonetheless,
establishing a prompt and reliable diagnosis is crucial for initiating
appropriate treatment, preventing complications, and improving
patient outcomes.

Traditionally, the diagnosis of M. pneumoniae infections has relied
on culture-based methods, which involve the isolation of the organism
from respiratory specimens, such as sputum, nasopharyngeal swabs,
or bronchoalveolar lavage fluid (67). However, these culture
techniques are time-consuming, laborious, and often lack sensitivity,
making them less suitable for routine clinical use, especially in patients
with chronic lung diseases.

With the advent of molecular diagnostic techniques, the detection
of M. pneumoniae has become more sensitive and specific. Nucleic
acid amplification tests (NAATS), such as polymerase chain reaction
(PCR) and real-time PCR, have emerged as the preferred methods for
the rapid and accurate identification of M. pneumoniae in clinical
samples (68, 69). PCR-based assays can detect M. pneumoniae DNA
directly from respiratory specimens, providing valuable information
about the presence of the pathogen. Additionally, quantitative real-
time PCR can estimate the bacterial load, which may aid in
differentiating acute infections from chronic or persistent colonization
(70). Despite their improved sensitivity and specificity, molecular
diagnostic techniques have some limitations. False-negative results
can occur, particularly in the later stages of infection when bacterial
loads are low or in patients with impaired immune responses (71).
Furthermore, the detection of M. pneumoniae DNA does not
necessarily indicate an active or clinically significant infection, as the
organism can persist in the respiratory tract for extended periods (72).

Serological tests, such as enzyme-linked immunosorbent assays
(ELISAs), are commonly used to detect antibodies against
M. pneumoniae in serum or plasma samples (73). These tests can
identify both acute and past infections by measuring immunoglobulin
M (IgM) and immunoglobulin G (IgG) antibody levels, respectively.
ELISAs are widely available, relatively inexpensive, and can provide
valuable information about the immune response to M. pneumoniae
infection. However, they have several limitations, including potential
cross-reactivity with other respiratory pathogens, the delayed
appearance of detectable antibody levels, and the persistence of
antibodies for extended periods, which can make it challenging to
differentiate acute from past infections (74).

Complement fixation tests (CFTs) have been traditionally used for
the serological diagnosis of M. pneumoniae infections (71). These tests
detect the presence of antibodies that bind to M. pneumoniae antigens
and activate the complement cascade. While CFTs offer good
specificity, they are labor-intensive, require specialized laboratory
facilities, and may lack sensitivity in certain patient populations or
stages of infection (75). Additionally, the interpretation of CFT results
can be challenging, as antibody levels can remain elevated for
prolonged periods, making it difficult to distinguish acute from
past infections.

To improve diagnostic accuracy and overcome the limitations of
individual testing methods, a combined diagnostic approach is often
recommended for the diagnosis of M. pneumoniae infections in
patients with chronic lung diseases (76, 77). Molecular tests can
identify the presence of the pathogen, while serological tests can help
differentiate acute from past infections and monitor the immune
response, so the combined use of PCR-based methods for the direct
detection of M. pneumoniae and serological tests for the assessment
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of antibody responses can provide complementary information (78).
In addition to laboratory testing, the diagnostic process should
incorporate a thorough evaluation of the patient’s clinical presentation,
including respiratory symptoms, physical examination findings, and
radiological imaging results (79).

It is essential to consider the possibility of co-infections with
other respiratory pathogens, such as viruses, bacteria, or atypical
pathogens, which can complicate the diagnosis and management
of M. pneumoniae-associated chronic lung diseases (80). Multiplex
molecular assays or comprehensive respiratory pathogen panels
can aid in the simultaneous detection of multiple pathogens,
facilitating a more comprehensive diagnostic approach. In certain
clinical scenarios or patient populations, specialized diagnostic
tests may be warranted. For example, in patients with suspected
autoimmune or inflammatory complications related to
M. pneumoniae infection, testing for autoantibodies or specific
inflammatory markers may provide additional diagnostic insights
(81, 82).

Despite the advancements in diagnostic techniques, several
challenges remain in the accurate and timely diagnosis of
M. pneumoniae infections in chronic lung diseases. Accurate and
timely diagnosis of M. pneumoniae infections in patients with chronic
lung diseases is essential for initiating appropriate treatment,
preventing complications, and improving patient outcomes. While
various diagnostic techniques are available, a combined approach that
integrates molecular, serological, clinical, and radiological data is often
recommended to overcome the limitations of individual methods.
Continued research efforts are needed to develop improved diagnostic
algorithms, point-of-care testing, novel biomarkers, and
comprehensive pathogen panels, ultimately enhancing our ability to
accurately diagnose and manage M. pneumoniae-associated chronic

lung diseases.

Treatment challenges

The treatment of M. pneumoniae-associated chronic lung diseases
presents several challenges that must be addressed to ensure optimal
patient outcomes and prevent long-term complications. These
challenges encompass antibiotic resistance, potential side effects, and
the need for long-term management strategies.

M. pneumoniae has developed resistance to several commonly
used antibiotics, particularly macrolides and fluoroquinolones, which
have traditionally been the mainstay of treatment for this pathogen
(83, 84). The emergence of antibiotic-resistant strains has been linked
to the widespread and often indiscriminate use of antibiotics, as well
as the ability of M. pneumoniae to acquire resistance through
horizontal gene transfer and mutations (85, 86). Macrolide resistance
in M. pneumoniae is primarily mediated by mutations in the 23S
rRNA gene, which can confer high-level resistance to this class of
antibiotics (87). Fluoroquinolone resistance, on the other hand, is
often associated with mutations in the parC and parE genes, which
encode DNA topoisomerase IV subunits (88). The increasing
prevalence of antibiotic-resistant M. pneumoniae strains poses
significant challenges in the effective management of chronic lung
diseases, as it limits the available treatment options and may lead to
treatment failures or the need for alternative, potentially less effective
or more toxic agents (89).
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The antibiotics commonly used to treat M. pneumoniae infections,
such as macrolides and tetracyclines, can have significant side effects,
particularly with prolonged use or in certain patient populations (90).
These side effects may include gastrointestinal disturbances,
hepatotoxicity, photosensitivity, and adverse effects on the developing
fetus (91, 92).

In patients with chronic lung diseases, the potential for drug
interactions and cumulative toxicity must be carefully considered, as
these individuals often require multiple concurrent medications for
the management of their underlying conditions (93). Additionally, the
use of certain antibiotics may exacerbate or contribute to the
development of antibiotic-associated complications, such as
Clostridium difficile infections or the disruption of the respiratory
microbiome (94, 95).

In cases of chronic lung diseases exacerbated by M. pneumoniae
infection, long-term management strategies may be required to
control symptoms, prevent disease progression, and minimize the risk
of recurrent infections or exacerbations (96). These strategies may
involve a combination of antibiotics, bronchodilators, corticosteroids,
and other supportive therapies, depending on the underlying
condition and disease severity (97, 98).

However, the optimal duration and regimens for antibiotic
therapy in M. pneumoniae-associated chronic lung diseases are not
well-established, and there is a lack of consensus regarding the
most appropriate long-term management approaches (99).
Prolonged or repeated courses of antibiotics may increase the risk
of antibiotic resistance, adverse effects, and disruption of the
respiratory microbiome, potentially leading to unfavorable
outcomes (100). In chronic lung diseases, repeated antibiotic
exposure may select for resistant strains, potentially causing
persistent infections and recurrent exacerbations. These factors,
coupled with M. pneumoniae’s long-term impact on respiratory
health, make its antibiotic resistance particularly challenging in
managing chronic lung conditions.

Long-term consequences

Mycoplasma pneumoniae pneumonia can have long-lasting
consequences on respiratory health, even after the resolution of the
acute infection. These potential long-term effects warrant close
monitoring and appropriate management strategies to mitigate the
impact on patient outcomes and quality of life.

Several studies have reported persistent lung function
abnormalities, including airflow obstruction, reduced diffusion

tolerance,
102).
impairments may contribute to the development or exacerbation

capacity, and decreased exercise following

M. pneumoniae pneumonia (101, These functional
of chronic lung diseases and can have a significant impact on
respiratory health and overall well-being.

Mycoplasma pneumoniae infection has been associated with
structural changes in the airways, such as airway wall thickening,
smooth muscle hyperplasia, and subepithelial fibrosis (103, 104).
These remodeling processes can lead to airflow obstruction, impaired
lung function, and the progression of chronic respiratory conditions,
even after the resolution of the initial infection.

Some individuals may experience persistent respiratory
symptoms, including cough, wheezing, and dyspnea, even after the
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resolution of the acute M. pneumoniae infection (105, 106). These
chronic symptoms can significantly impact quality of life and may
require long-term management strategies, such as bronchodilator
therapy or pulmonary rehabilitation.

Mycoplasma pneumoniae infection may predispose individuals to
subsequent respiratory infections, potentially due to impaired
immune responses or structural changes in the airways (107, 108).
This increased susceptibility can contribute to the development or
exacerbation of chronic lung diseases, as recurrent infections can
perpetuate the cycle of inflammation, tissue damage, and
airway remodeling.

Future research directions

Despite the growing body of evidence linking M. pneumoniae
infection to chronic lung diseases, several areas require further
investigation to improve our understanding and develop effective
management strategies.

Pathogenic mechanisms: Continued research efforts are
needed to elucidate the specific molecular and cellular
mechanisms by which M. pneumoniae contributes to the
development and exacerbation of chronic lung diseases (109).
This includes exploring the role of host-pathogen interactions,
immune dysregulation, and airway remodeling processes, as well
as identifying potential therapeutic targets to mitigate the
detrimental effects of this atypical pathogen.

Diagnostic tools: The development of more sensitive, specific, and
rapid diagnostic tools is crucial for the accurate and timely detection
of M. pneumoniae infections, particularly in the context of chronic
lung diseases (110). Novel molecular and serological approaches, as
well as point-of-care testing methods, should be explored to improve
diagnostic capabilities and facilitate prompt intervention.

Antimicrobial resistance: Ongoing surveillance and research
efforts are necessary to monitor the emergence and spread of
antibiotic-resistant M. pneumoniae strains, as well as to investigate the
mechanisms of resistance and potential strategies to overcome it (111).
Additionally, the development of new antimicrobial agents with novel
mechanisms of action should be a priority to address the growing
challenge of antibiotic resistance.

Vaccination strategies: The development of effective vaccines
against M. pneumoniae could provide a promising preventive strategy
for reducing the burden of M. pneumoniae-associated respiratory
diseases, including chronic lung conditions (112). Further research is
needed to evaluate the safety, immunogenicity, and efficacy of
potential vaccine candidates, as well as to explore novel vaccine
platforms and delivery methods.

Long-term follow-up studies: Longitudinal studies monitoring the
long-term respiratory outcomes of individuals with M. pneumoniae
infections are essential to understand the potential for chronic lung
disease development and progression (113). These studies could
provide valuable insights into risk factors, prognostic markers, and
optimal management strategies, ultimately improving patient
outcomes and quality of life.

Personalized and precision medicine approaches: Integrating
genomic, proteomic, and other omics data with clinical and
epidemiological data may facilitate the development of personalized
and precision medicine approaches for the management of
M. pneumoniae-associated chronic lung diseases (114). These
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approaches could enable tailored treatment strategies based on
individual patient characteristics, disease phenotypes, and molecular
signatures, leading to improved outcomes and more efficient use of
healthcare resources.

Genetic factors play a crucial role in determining individual
susceptibility to M. pneumoniae infection and its impact on chronic
lung diseases. Future research should focus on identifying specific
gene variations or deletions that may predispose individuals to
M. pneumoniae-associated chronic lung diseases. For instance,
polymorphisms in toll-like receptor (TLR) genes have been associated
with increased susceptibility to M. pneumoniae infection and more
severe clinical outcomes in asthma patients (115). Additionally,
variations in genes involved in the innate immune response, such as
mannose-binding lectin (MBL) and surfactant proteins, may influence
the risk of developing bronchiectasis following M. pneumoniae
infection (116). Understanding these genetic factors could lead to
personalized prevention and treatment strategies for M. pneumoniae-
associated chronic lung diseases.

By addressing these future research directions, researchers and
clinicians can gain a deeper understanding of the complex interplay
between M. pneumoniae and chronic lung diseases, leading to the
development of more effective diagnostic tools, targeted therapeutic
interventions, and preventive strategies. Ultimately, these efforts will
contribute to improved patient outcomes, reduced disease burden,
and enhanced quality of life for individuals affected by these
debilitating respiratory conditions.

Conclusion

This comprehensive review underscores the significant impact of
Mycoplasma pneumoniae on chronic lung diseases, particularly
asthma, COPD, and bronchiectasis. Evidence from epidemiological
studies, pathogenic mechanisms, and clinical manifestations
highlights M. pneumoniae’s role not only in triggering acute
exacerbations but also in potentially contributing to disease
development and progression. The pathogen’s ability to induce airway
inflammation, disrupt epithelial barriers, and modulate immune
responses appears central to its effects on respiratory health. However,
challenges remain, including the emergence of antibiotic-resistant
strains, limitations in current diagnostic methods, and potential long-
term respiratory sequelae. Future research should focus on developing
more sensitive diagnostic tools, novel therapeutic approaches, and
effective vaccination strategies. The recognition of M. pneumoniae’s
long-term consequences emphasizes the need for prolonged follow-up
and personalized management strategies. As our understanding
evolves, it is crucial for clinicians and researchers to remain vigilant in
diagnosing, treating, and preventing M. pneumoniae-associated
respiratory illnesses, ultimately improving outcomes for individuals
affected by chronic lung diseases.

Author contributions

Z-qG: Conceptualization, Methodology, Project administration,
Software, Supervision, Validation, Writing - original draft, Writing -
review & editing. S-yG: Formal analysis, Investigation, Methodology,
Project administration, Software, Writing - original draft, Writing -
review & editing. Z-hT: Formal analysis, Investigation, Methodology,

frontiersin.org


https://doi.org/10.3389/fmed.2024.1437731
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Guo et al.

Resources, Supervision, Validation, Writing - original draft, Writing
- review & editing. B-yD: Formal analysis, Investigation, Methodology,
Resources, Software, Validation, Writing — original draft, Writing -
review & editing.

Funding

The author(s) declare financial support was received for the research,
authorship, and/or publication of this article. This work was supported
by the Research Plan Project of Hebei Provincial Administration of
Traditional Chinese Medicine, “Observation of the therapeutic effect of
azithromycin combined with pulmonary cough mixture and traditional
Chinese medicine acupoint application on children with mycoplasma
pneumonia and phlegm heat closed lung type” No. 2022489.

References

1. Saraya T. Mycoplasma pneumoniae infection: basics. ] Gen Fam Med. (2017)
18:118-25. doi: 10.1002/jgf2.15

2. Waites KB, Talkington DFE. Mycoplasma pneumoniae and its role as a human
pathogen. Clin Microbiol Rev. (2004) 17:697-728. doi: 10.1128/CMR.17.4.697-728.2004

3. Razin S, Yogev D, Naot Y. Molecular biology and pathogenicity of mycoplasmas.
Microbiol Mol Biol Rev. (1998) 62:1094-156. doi: 10.1128/ MMBR.62.4.1094-1156.1998

4. Baseman JB, Tully JG. Mycoplasmas: sophisticated, reemerging, and burdened by
their notoriety. Emerg Infect Dis. (1997) 3:21-32. doi: 10.3201/eid0301.970103

5. Atkinson TP, Balish MF, Waites KB. Epidemiology, clinical manifestations,
pathogenesis and laboratory detection of Mycoplasma pneumoniae infections. FEMS
Microbiol Rev. (2008) 32:956-73. doi: 10.1111/.1574-6976.2008.00129.x

6. Feberwee A, de Wit S, Dijkman R. Clinical expression, epidemiology, and
monitoring of Mycoplasma gallisepticum and Mycoplasma synoviae: an update. Avian
Pathol. (2022) 51:2-18. doi: 10.1080/03079457.2021.1944605

7. Waites KB, Atkinson TP. The role of Mycoplasma in upper respiratory infections.
Curr Infect Dis Rep. (2009) 11:198-206. doi: 10.1007/s11908-009-0030-6

8. Walter ND, Grant GB, Bandy U, Alexander NE, Winchell JM, Jordan HT, et al.
Community outbreak of Mycoplasma pneumoniae infection: school-based cluster of
neurologic disease associated with household transmission of respiratory illness. J Infect
Dis. (2008) 198:1365-74. doi: 10.1086/592281

9. Biscardi S, Lorrot M, Marc E, Moulin F, Boutonnat-Faucher B, Heilbronner C, et al.
Mycoplasma pneumoniae and asthma in children. Clin Infect Dis. (2004) 38:1341-6. doi:
10.1086/392498

10. Esposito S, Blasi E, Arosio C, Fioravanti L, Fagetti L, Droghetti R, et al. Importance
of acute Mycoplasma pneumoniae and Chlamydia pneumoniae infections in children
with wheezing. Eur Respir J. (2000) 16:1142-6. doi: 10.1034/j.1399-3003.2000.1621.x

11. Tsai TA, Tsai CK, Kuo KC, Yu HR. Rational stepwise approach for Mycoplasma
pneumoniae pneumonia in children. J Microbiol Immunol Infect. (2021) 54:557-65. doi:
10.1016/}.jmii.2020.10.002

12. Blasi F, Damato S, Cosentini R, Tarsia P, Raccanelli R, Centanni S, et al. Chlamydia
pneumoniae and chronic bronchitis: association with severity and bacterial clearance
following treatment. Thorax. (2002) 57:672-6. doi: 10.1136/thorax.57.8.672

13. Lieberman D, Shvartzman P, Lieberman D, et al. Etiology of respiratory tract
infection in adults in a general practice setting. Eur J Clin Microbiol Infect Dis. (1998)
17:685-9. doi: 10.1007/s100960050161

14. Jeyachandran V, Hurst JR. Advances in chronic obstructive pulmonary disease:
management of exacerbations. Br J Hosp Med. (2022) 83:1-7. doi: 10.12968/
hmed.2022.0275

15. Metersky ML, Barker AF. The pathogenesis of bronchiectasis. Clin Chest Med.
(2022) 43:35-46. doi: 10.1016/j.ccm.2021.11.003

16. Wang J, Xia C, Sharma A, Gaba GS, Shabaz M. Chest CT findings and differential
diagnosis of Mpycoplasma pneumoniae pneumonia and Mycoplasma pneumoniae
combined with streptococcal pneumonia in children. J Healthc Eng. (2021) 2021:1-10.
doi: 10.1155/2021/8085530

17. Lopez-Campos JL, Miravitlles M, de la Rosa CD, Canton R, Soler-Catalufia JJ,
Martinez-Garcia MA. Current challenges in chronic bronchial infection in patients with
chronic obstructive pulmonary disease. J Clin Med. (2020) 9:1639. doi: 10.3390/
jecm9061639

18.Zhong H, Yin R, Zhao R, Jiang K, Sun C, Dong X. Analysis of clinical
characteristics and risk factors of plastic bronchitis in children with Mycoplasma
pneumoniae pneumonia. Front Pediatr. (2021) 9:735093. doi: 10.3389/fped.2021.735093

Frontiers in Medicine

10.3389/fmed.2024.1437731

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

19. Cheng Q, Zhang H, Shang Y, Zhao Y, Zhang Y, Zhuang D, et al. Clinical features
and risk factors analysis of bronchitis obliterans due to refractory Mycoplasma
pneumoniae pneumonia in children: a nomogram prediction model. BMC Infect Dis.
(2021) 21:1085. doi: 10.1186/s12879-021-06783-4

20. Spuesens EB, Meyer Sauteur PM, Vink C, van Rossum AM. Mycoplasma
pneumoniae infections - does treatment help? J Infect. (2014) 69:542-6. doi: 10.1016/j.
jinf.2014.07.017

21.Esposito S, Blasi F, Bellini F, Allegra L, Principi NMowgli Study Group.
Mycoplasma pneumoniae and Chlamydia pneumoniae infections in children with
pneumonia. Mowgli study group. Eur Respir J. (2001) 17:241-5. doi:
10.1183/09031936.01.17202410

22. Hahn DL, Golubjatnikov R. Asthma and chlamydial infection: a case series. ] Fam
Pract. (1994) 38:589-95.

23. Yavlovich A, Tarshis M, Rottem S. Internalization and intracellular survival of
Mycoplasma pneumoniae by non-phagocytic cells. FEMS Microbiol Lett. (2004)
233:241-6. doi: 10.1111/j.1574-6968.2004.tb09488.x

24. Esposito S, Droghetti R, Bosis S, Clari M, Marchisio P, Principi N. Cytokine
secretion in children with acute Mycoplasma pneumoniae infection and wheeze. Pediatr
Allergy Immunol. (2002) 34:122-7. doi: 10.1002/ppul.10139

25. Wood PR, Hill VL, Burks ML, Peters JI, Singh H, Kannan TR, et al. Mycoplasma
pneumoniae in children with acute and refractory asthma. Ann Allergy Asthma Immunol.
(2013) 110:328-334.el. doi: 10.1016/j.anai.2013.01.022

26. Thumerelle C, Deschildre A, Bouquillon C, Santos C, Sardet A, Scalbert M, et al.
Role of viruses and atypical bacteria in exacerbations of asthma in hospitalized children:
a prospective study in the Nord-pas de Calais region (France). Pediatr Pulmonol. (2003)
35:75-82. doi: 10.1002/ppul.10191

27. Sutherland ER, Martin R]. Asthma and atypical bacterial infection. Chest. (2007)
132:1962-6. doi: 10.1378/chest.06-2415

28. Llor C, Bjerrum L. Antimicrobial resistance: risk associated with antibiotic overuse
and initiatives to reduce the problem. Ther Adv Drug Saf. (2014) 5:229-41. doi:
10.1177/2042098614554919

29.Meloni F, Paschetto E, Mangiarotti P, Crepaldi M, Morosini M, Bulgheroni A,
et al. Acute Chlamydia pneumoniae and Mycoplasma pneumoniae infections in
community-acquired pneumonia and exacerbations of COPD or asthma:
therapeutic considerations. | Chemother. (2004) 16:70-6. doi: 10.1179/
joc.2004.16.1.70

30. Gao YH, Guan WJ, Xu G, Lin ZY, Tang Y, Lin ZM, et al. The role of viral infection
in pulmonary exacerbations of bronchiectasis in adults: a prospective study. Chest.
(2015) 147:1635-43. doi: 10.1378/chest.14-1961

31. Kapur N, Mackay IM, Sloots TP, Masters 1B, Chang AB. Respiratory viruses in
exacerbations of non-cystic fibrosis bronchiectasis in children. Arch Dis Child. (2014)
99:749-53. doi: 10.1136/archdischild-2013-305147

32.Mallia P, Contoli M, Caramori G, Pandit A, Johnston SL, Papi A. Exacerbations
of asthma and chronic obstructive pulmonary disease (COPD): focus on virus
induced exacerbations. Curr Pharm Des. (2007) 13:73-97. doi:
10.2174/138161207779313777

33. Chang AB, Redding GJ, Everard ML. Chronic Wet Cough: Protracted Bronchitis,
Chronic Suppurative Lung Disease and Bronchiectasis. Pediatric Pulmonology (2008).
43, 519-531. doi: 10.1002/ppul.20821

34. King PT, Holdsworth SR, Freezer NJ, Villanueva E, Holmes PW. Characterisation
of the onset and presenting clinical features of adult bronchiectasis. Respir Med. (2006)
100:2183-9. doi: 10.1016/j.rmed.2006.03.012

frontiersin.org


https://doi.org/10.3389/fmed.2024.1437731
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1002/jgf2.15
https://doi.org/10.1128/CMR.17.4.697-728.2004
https://doi.org/10.1128/MMBR.62.4.1094-1156.1998
https://doi.org/10.3201/eid0301.970103
https://doi.org/10.1111/j.1574-6976.2008.00129.x
https://doi.org/10.1080/03079457.2021.1944605
https://doi.org/10.1007/s11908-009-0030-6
https://doi.org/10.1086/592281
https://doi.org/10.1086/392498
https://doi.org/10.1034/j.1399-3003.2000.16f21.x
https://doi.org/10.1016/j.jmii.2020.10.002
https://doi.org/10.1136/thorax.57.8.672
https://doi.org/10.1007/s100960050161
https://doi.org/10.12968/hmed.2022.0275
https://doi.org/10.12968/hmed.2022.0275
https://doi.org/10.1016/j.ccm.2021.11.003
https://doi.org/10.1155/2021/8085530
https://doi.org/10.3390/jcm9061639
https://doi.org/10.3390/jcm9061639
https://doi.org/10.3389/fped.2021.735093
https://doi.org/10.1186/s12879-021-06783-4
https://doi.org/10.1016/j.jinf.2014.07.017
https://doi.org/10.1016/j.jinf.2014.07.017
https://doi.org/10.1183/09031936.01.17202410
https://doi.org/10.1111/j.1574-6968.2004.tb09488.x
https://doi.org/10.1002/ppul.10139
https://doi.org/10.1016/j.anai.2013.01.022
https://doi.org/10.1002/ppul.10191
https://doi.org/10.1378/chest.06-2415
https://doi.org/10.1177/2042098614554919
https://doi.org/10.1179/joc.2004.16.1.70
https://doi.org/10.1179/joc.2004.16.1.70
https://doi.org/10.1378/chest.14-1961
https://doi.org/10.1136/archdischild-2013-305147
https://doi.org/10.2174/138161207779313777
https://doi.org/10.1002/ppul.20821
https://doi.org/10.1016/j.rmed.2006.03.012

Guo et al.

35. Esposito S, Argentiero A, Gramegna A, Principi N. Mycoplasma pneumoniae: a
pathogen with unsolved therapeutic problems. Expert Opin Pharmacother. (2021)
22:1193-202. doi: 10.1080/14656566.2021.1882420

36. Medina JL, Brooks EG, Chaparro A, Dube PH. Mycoplasma pneumoniae CARDS
toxin elicits a functional IgE response in Balb/c mice. PLoS One. (2017) 12:€0172447.
doi: 10.1371/journal.pone.0172447

37. Chalmers JD, Goeminne P, Aliberti S, McDonnell MJ, Lonni S, Davidson J, et al.
The bronchiectasis severity index. An international derivation and validation study. Am
J Respir Crit Care Med. (2014) 189:576-85. doi: 10.1164/rccm.201309-15750C

38. Li X, Atkinson TP, Hagood J, Makris C, Dufty LB, Waites KB. Emerging macrolide
resistance in Mycoplasma pneumoniae in children: detection and characterization of
resistant isolates. Pediatr Infect Dis J. (2009) 28:693-6. doi: 10.1097/
INE.0b013e31819¢3f7a

39. Dallo SE, Baseman JB. Intracellular DNA replication and long-term survival of
pathogenic mycoplasmas. Microb Pathog. (2000) 29:301-9. doi: 10.1006/mpat.2000.0395

40. Shen K, Wang X, Yu X, et al. Mycoplasma pneumoniae-derived lipid-associated
membrane proteins induce human airway epithelial cell apoptosis through the
mitochondrial pathway. Clin Microbiol Infect. (2020) 26:210-7.

41.Kraft M, Adler KB, Ingram JL, Crews AL, Atkinson TP, Cairns CB, et al.
Mycoplasma pneumoniae induces airway epithelial cell expression of MUC5AC in
asthma. Eur Respir J. (2008) 31:43-6. doi: 10.1183/09031936.00103307

42.Zhang Z, Dou H, Tu P, Shi D, Wei R, Wan R, et al. Serum cytokine profiling
reveals different immune response patterns during general and severe Mycoplasma
pneumoniae pneumonia. Front Immunol. (2022) 13:1088725. doi: 10.3389/
fimmu.2022.1088725

43.Narita M. Pathogenesis of extrapulmonary manifestations of Mycoplasma
pneumoniae infection with special reference to pneumonia. J Infect Chemother. (2010)
16:162-9. doi: 10.1007/s10156-010-0044-X

44.Ha U, Lim JH, Jono H, Koga T, Srivastava A, Malley R, et al. A novel role for Ikappa
B kinase (IKK) alpha and IKKbeta in ERK-dependent up-regulation of MUC5AC mucin
transcription by Streptococcus pneumoniae. ] Immunol. (2007) 178:1736-47. doi:
10.4049/jimmunol.178.3.1736

45. Chowdhary A, Agarwal K, Kathuria S, Gaur SN, Randhawa HS, Meis JF. Allergic
bronchopulmonary mycosis due to fungi other than aspergillus: a global overview. Crit
Rev Microbiol. (2014) 40:30-48. doi: 10.3109/1040841X.2012.754401

46. Wilkins M, Hall-Stoodley L, Allan RN, Faust SN. New approaches to the treatment
of biofilm-related infections. J Infect. (2014) 69:547-52. doi: 10.1016/j.jinf.2014.07.014

47. McAuliffe L, Ellis RJ, Miles K, Ayling RD, Nicholas RAJ. Biofilm formation by
mycoplasma species and its role in environmental persistence and survival. Microbiology.
(2006) 152:913-22. doi: 10.1099/mic.0.28604-0

48. Suttorp N, Welte T, Marre R, et al. Pathogenesis of Mycoplasma pneumoniae
infections: adaptive immunity, innate immunity, cell biology, and virulence factors In:
Birkhauser Verlag Basel/Switzerland (2007). 183-99.

49. Gendrel D, Biscardi S, Marc E, Moulin F, Iniguez JL, Raymond J. Mycoplasma
pneumoniae, pneumonies et asthme [Mycoplasma pneumoniae, community-acquired
pneumonia and asthma]. Arch Pediatr. (2005) 12:S7-S11. doi: 10.1016/
$0929-693X(05)80003-X

50. Principi N, Esposito S. Emerging role of Mycoplasma pneumoniae and Chlamydia
pneumoniae in paediatric respiratory-tract infections. Lancet Infect Dis. (2001) 1:334-44.
doi: 10.1016/S1473-3099(01)00147-5

51. Atkinson TP, Waites KB. Mycoplasma pneumoniae infections in childhood. Pediatr
Infect Dis J. (2014) 33:92-4. doi: 10.1097/INE.0000000000000171

52.11Y, Guo Z, Zhang G, Tian X, Li Q, Chen D, et al. The correlation between vitamin
a status and refractory Mycoplasma Pneumoniae pneumonia (RMPP) incidence in
children. BMC Pediatr. (2020) 20:359. doi: 10.1186/s12887-020-02254-y

53.Chu HW, Honour JM, Rawlinson WD, Harbeck R], Martin R]. Effects of
respiratory Mycoplasma pneumoniae infection on allergen-induced bronchial
hyperresponsiveness and lung inflammation in asthma. Infect Immun. (2003) 71:1520-6.
doi: 10.1128/IAL.71.3.1520-1526.2003

54.Liu J, Ai H, Xiong Y, Li E Wen Z, Liu W, et al. Prevalence and correlation of
infectious agents in hospitalized children with acute respiratory tract infections in
Central China. PLoS One. (2015) 10:e0119170. doi: 10.1371/journal.pone.0119170

55. Anzueto A, Miravitlles M. Chronic obstructive pulmonary disease exacerbations:
aneed for action. Am ] Med. (2018) 131:15-22. doi: 10.1016/j.amjmed.2018.05.003

56. Oosterheert JJ, van Loon AM, Schuurman R, Hoepelman AIM, Hak E, Thijsen S,
et al. Impact of rapid detection of viral and atypical bacterial pathogens by real-time
polymerase chain reaction for patients with lower respiratory tract infection. Clin Infect
Dis. (2005) 41:1438-44. doi: 10.1086/497134

57.Kim V, Aaron SD. What is a COPD exacerbation? Current definitions, pitfalls,
challenges and opportunities for improvement. Eur Respir J. (2018) 52:1801261. doi:
10.1183/13993003.01261-2018

58. Goussault H, Salvator H, Catherinot E, Chabi ML, Tcherakian C, Chabrol A, et al.
Primary immunodeficiency-related bronchiectasis in adults: comparison with
bronchiectasis of other etiologies in a French reference center. Respir Res. (2019) 20:275.
doi: 10.1186/s12931-019-1242-4

Frontiers in Medicine

10.3389/fmed.2024.1437731

59. Webster D, Windsor H, Ling C, Windsor D, Pitcher D. Chronic bronchitis in
immunocompromised patients: association with a novel Mycoplasma species. Eur ] Clin
Microbiol Infect Dis. (2003) 22:530-4. doi: 10.1007/5s10096-003-0980-9

60. Abers MS, Sandvall BP, Sampath R, Zuno C, Uy N, Yu VL, et al. Postobstructive
pneumonia: an underdescribed syndrome. Clin Infect Dis. (2016) 62:957-61. doi:
10.1093/cid/civ1212

61. Amaro R, Perea L, Sibila O. Future directions in bronchiectasis research. Clin Chest
Med. (2022) 43:179-87. doi: 10.1016/j.ccm.2021.12.005

62. Le Goueff A, Vandergheynst F, Jayne D. Coincident relapsing polychondritis and
IgG4-related disease: a diagnostic challenge. Pol Arch Intern Med. (2019) 129:539-41.
doi: 10.20452/pamw.14954

63. Krafft C, Christy C. Mycoplasma pneumonia in children and adolescents. Pediatr
Rev. (2020) 41:12-9. doi: 10.1542/pir.2018-0016

64. Tsanev RG, Ivanov I. Immune interferon: Properties and clinical applications CRC
Press (2001).

65. Ferwerda A, Moll HA, de Groot R. Respiratory tract infections by Mycoplasma
pneumoniae in children: a review of diagnostic and therapeutic measures. Eur ] Pediatr.
(2001) 160:483-91. doi: 10.1007/s004310100775

66. Waites KB, Xiao L, Liu Y, Balish ME, Atkinson TP. Mycoplasma pneumoniae from
the respiratory tract and beyond. Clin Microbiol Rev. (2017) 30:747-809. doi: 10.1128/
CMR.00114-16

67. Chen J, Zhang ], Lu Z, Chen Y, Huang S, Li H, et al. Mycoplasma pneumoniae
among Chinese outpatient children with mild respiratory tract infections during the
coronavirus disease 2019 pandemic. Microbiol Spectr. (2022) 10:¢0155021. doi: 10.1128/
spectrum.01550-21

68. Thurman KA, Walter ND, Schwartz SB, Mitchell SL, Dillon MT, Baughman AL,
et al. Comparison of laboratory diagnostic procedures for detection of Mycoplasma
pneumoniae in community outbreaks. Clin Infect Dis. (2009) 48:1244-9. doi:
10.1086/597775

69. Loens K, Ursi D, Goossens H, Ieven M. Molecular diagnosis of Mycoplasma
pneumoniae respiratory tract infections. J Clin Microbiol. (2003) 41:4915-23. doi:
10.1128/JCM.41.11.4915-4923.2003

70. Nilsson AC, Bjorkman P, Persson K. Polymerase chain reaction is superior to
serology for the diagnosis of acute Mycoplasma pneumoniae infection and reveals a high
rate of persistent infection. BMC Microbiol. (2008) 8:93. doi: 10.1186/1471-2180-8-93

71. Wijesooriya LI, Chalker V, Perera P, et al. Pathogen detection in childhood
exacerbated asthma in Sri Lanka, role and characteristics of Mycoplasma pneumoniae
and antibiotic stewardship. Access Microbiol. (2024):000778.v1.

72.Meyer Sauteur PM, van Rossum AM, Vink C. Mycoplasma pneumoniae in
children: carriage, pathogenesis, and antibiotic resistance. Curr Opin Infect Dis. (2014)
27:220-7. doi: 10.1097/QC0.0000000000000063

73. Ozaki T, Nishimura N, Ahn J, et al. Utility of a rapid diagnosis kit for Mycoplasma
pneumoniae pneumonia in children, and the prevalence of Mycoplasma pneumoniae in
Japan. ] Infect Chemother. (2007) 13:171-6.

74. Rytter H, Jamet A, Coureuil M, Charbit A, Ramond E. Which current and novel
diagnostic avenues for bacterial respiratory diseases? Front Microbiol. (2020) 11:616971.
doi: 10.3389/fmicb.2020.616971

75. Morozumi M, Hasegawa K, Kobayashi R, Inoue N, Iwata S, Kuroki H, et al.
Emergence of macrolide-resistant Mycoplasma pneumoniae with a 23S rRNA gene
mutation. Antimicrob Agents Chemother. (2005) 49:2302-6. doi: 10.1128/
AAC.49.6.2302-2306.2005

76. Leal SM Jr, Totten AH, Xiao L, Crabb DM, Ratliff A, Duffy LB, et al. Evaluation of
commercial molecular diagnostic methods for detection and determination of macrolide
resistance in Mycoplasma pneumoniae. ] Clin Microbiol. (2020) 58:e00242-20. doi:
10.1128/JCM.00242-20

77. Diaz MH, Winchell JM. The evolution of advanced molecular diagnostics for the
detection and characterization of Mycoplasma pneumoniae. Front Microbiol. (2016)
7:232. doi: 10.3389/fmicb.2016.00232

78. Singh BK, Singh S. Systemic lupus erythematosus and infections. Reumatismo.
(2020) 72:154-69. doi: 10.4081/reumatismo.2020.1303

79.HuJ, Ye Y, Chen X, Xiong L, Xie W, Liu P. Insight into the pathogenic mechanism
of Mycoplasma pneumoniae. Curr Microbiol. (2023) 80:14. doi: 10.1007/
500284-022-03103-0

80. Petitjean J, Vabret A, Gouarin S, Freymuth E Evaluation of four commercial
immunoglobulin G (IgG)- and IgM-specific enzyme immunoassays for diagnosis of
Mycoplasma pneumoniae infections. J Clin Microbiol. (2002) 40:165-71. doi: 10.1128/
JCM.40.1.165-171.2002

81. Narita M. Pathogenesis of neurologic manifestations of Mycoplasma pneumoniae
infection. Pediatr Neurol. (2009) 41:159-66. doi: 10.1016/j.pediatrneurol.2009.04.012

82. Narita M. Classification of extrapulmonary manifestations due to Mycoplasma
pneumoniae infection on the basis of possible immunopathogenesis. Front Microbiol.
(2016) 7:23. doi: 10.3389/fmicb.2016.00023

83. Matsubara K, Morozumi M, Okada T, et al. A comparative clinical study of
macrolide-sensitive and macrolide-resistant Mycoplasma pneumoniae infections in
pediatric patients. ] Infect Chemother. (2009) 15:380-3. doi: 10.1007/s10156-009-0715-7

frontiersin.org


https://doi.org/10.3389/fmed.2024.1437731
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1080/14656566.2021.1882420
https://doi.org/10.1371/journal.pone.0172447
https://doi.org/10.1164/rccm.201309-1575OC
https://doi.org/10.1097/INF.0b013e31819e3f7a
https://doi.org/10.1097/INF.0b013e31819e3f7a
https://doi.org/10.1006/mpat.2000.0395
https://doi.org/10.1183/09031936.00103307
https://doi.org/10.3389/fimmu.2022.1088725
https://doi.org/10.3389/fimmu.2022.1088725
https://doi.org/10.1007/s10156-010-0044-X
https://doi.org/10.4049/jimmunol.178.3.1736
https://doi.org/10.3109/1040841X.2012.754401
https://doi.org/10.1016/j.jinf.2014.07.014
https://doi.org/10.1099/mic.0.28604-0
https://doi.org/10.1016/S0929-693X(05)80003-X
https://doi.org/10.1016/S0929-693X(05)80003-X
https://doi.org/10.1016/S1473-3099(01)00147-5
https://doi.org/10.1097/INF.0000000000000171
https://doi.org/10.1186/s12887-020-02254-y
https://doi.org/10.1128/IAI.71.3.1520-1526.2003
https://doi.org/10.1371/journal.pone.0119170
https://doi.org/10.1016/j.amjmed.2018.05.003
https://doi.org/10.1086/497134
https://doi.org/10.1183/13993003.01261-2018
https://doi.org/10.1186/s12931-019-1242-4
https://doi.org/10.1007/s10096-003-0980-9
https://doi.org/10.1093/cid/civ1212
https://doi.org/10.1016/j.ccm.2021.12.005
https://doi.org/10.20452/pamw.14954
https://doi.org/10.1542/pir.2018-0016
https://doi.org/10.1007/s004310100775
https://doi.org/10.1128/CMR.00114-16
https://doi.org/10.1128/CMR.00114-16
https://doi.org/10.1128/spectrum.01550-21
https://doi.org/10.1128/spectrum.01550-21
https://doi.org/10.1086/597775
https://doi.org/10.1128/JCM.41.11.4915-4923.2003
https://doi.org/10.1186/1471-2180-8-93
https://doi.org/10.1097/QCO.0000000000000063
https://doi.org/10.3389/fmicb.2020.616971
https://doi.org/10.1128/AAC.49.6.2302-2306.2005
https://doi.org/10.1128/AAC.49.6.2302-2306.2005
https://doi.org/10.1128/JCM.00242-20
https://doi.org/10.3389/fmicb.2016.00232
https://doi.org/10.4081/reumatismo.2020.1303
https://doi.org/10.1007/s00284-022-03103-0
https://doi.org/10.1007/s00284-022-03103-0
https://doi.org/10.1128/JCM.40.1.165-171.2002
https://doi.org/10.1128/JCM.40.1.165-171.2002
https://doi.org/10.1016/j.pediatrneurol.2009.04.012
https://doi.org/10.3389/fmicb.2016.00023
https://doi.org/10.1007/s10156-009-0715-7

Guo et al.

84. Pereyre S, Goret ], Bébéar C. Mycoplasma pneumoniae: current knowledge on
macrolide resistance and treatment. Front Microbiol. (2016) 7:974. doi: 10.3389/
fmicb.2016.00974

85.Xin D, Mi Z, Han X, et al. Molecular mechanisms of macrolide resistance in
clinical isolates of Mycoplasma pneumoniae from China. Antimicrob Agents Chemother.
(2015) 59:3098-101.

86. Pereyre S, Charron A, Hidalgo-Grass C, Touati A, Moses AE, Nir-Paz R, et al. The
spread of Mycoplasma pneumoniae is polyclonal in both an endemic setting in France
and in an epidemic situation in Israel. PLoS One. (2012) 7:¢38585. doi: 10.1371/journal.
pone.0038585

87. Pereyre S, Charron A, Renaudin H, Bébéar C, Bébéar CM. First report of
macrolide-resistant strains and description of two new mutations in the P1 adhesin gene
in Mycoplasma pneumoniae clinical strains isolated in France over 12 years. ] Antimicrob
Chemother. (2007) 60:1021-6.

88. Tagg KA, Jeoffreys NJ, Couldwell DL, Donald JA, Gilbert GL. Fluoroquinolone
and macrolide resistance-associated mutations in Mycoplasma genitalium. J Clin
Microbiol. (2013) 51:2245-9. doi: 10.1128/JCM.00495-13

89.Yin YD, Wang R, Zhuo C, Wang H, Wang MG, Xie CM, et al. Macrolide-
resistant Mycoplasma pneumoniae prevalence and clinical aspects in adult
patients with community-acquired pneumonia in China: a prospective
multicenter surveillance study. J Thorac Dis. (2017) 9:3774-81. doi: 10.21037/
§td.2017.09.75

90. Kishaba T. Community-acquired pneumonia caused by Mycoplasma pneumoniae:
how physical and radiological examination contribute to successful diagnosis. Front
Med. (2016) 3:28. doi: 10.3389/fmed.2016.00028

91. Chinese Experts Cystic Fibrosis Consensus Committee. Chinese Alliance for rare
lung diseases; Chinese Alliance for rare diseases, bronchiectasis-China. Zhonghua Jie
He He Hu xi Za Zhi. (2023) 46:352-72.

92. Lenz KD, Klosterman KE, Mukundan H, Kubicek-Sutherland JZ. Macrolides: from
toxins to therapeutics. Toxins. (2021) 13:347. doi: 10.3390/toxins13050347

93. Huang K, Liu J, Lv W, et al. Analysis of risk factors of bronchiolitis obliterans in
children with Mycoplasma pneumoniae bronchiolitis [retracted in: Comput math
methods med. 2023 Jun 28; 2023: 9838639]. Comput Math Methods Med. (2022)
2022:9371406.

94. Lessa FC, Mu Y, Bamberg WM, Beldavs ZG, Dumyati GK, Dunn JR, et al. Burden
of Clostridium difficile infection in the United States. N Engl ] Med. (2015) 372:825-34.
doi: 10.1056/NEJMoa1408913

95. Segal LN, Blaser MJ. A brave new world: the lung microbiota in an era of change.
Ann Am Thorac Soc. (2014) 11:521-7. doi: 10.1513/AnnalsATS.201306-189MG

96. Pollock ], Chalmers JD. The immunomodulatory effects of macrolide antibiotics
in respiratory disease. Pulm Pharmacol Ther. (2021) 71:102095. doi: 10.1016/j.
pupt.2021.102095

97. Marchand E, Cordier JE. Idiopathic chronic eosinophilic pneumonia. Rev Mal
Respir, (2006). 23, 13599-108.

98. Shin S, Koo S, Yang Y], Lim HJ. Characteristics of the Mycoplasma pneumoniae
epidemic from 2019 to 2020 in Korea: macrolide resistance and co-infection trends.
Antibiotics. (2023) 12:1623. doi: 10.3390/antibiotics12111623

99.Kim K, Jung S, Kim M, Park S, Yang HJ, Lee E. Global trends in the proportion of
macrolide-resistant Mycoplasma pneumoniae infections: a systematic review and Meta-
analysis. ~ JAMA  Netw  Open. (2022) 5:€2220949. doi: 10.1001/
jamanetworkopen.2022.20949

100. Chen J, Yin Y, Zhao L, Zhang L, Zhang ], Yuan S. Mycoplasma pneumoniae
infection prediction model for hospitalized community-acquired pneumonia children.
Pediatr Pulmonol. (2021) 56:4020-8. doi: 10.1002/ppul.25665

Frontiers in Medicine

10

10.3389/fmed.2024.1437731

101. Krause DC, Taylor-Robinson D. Mycoplasmas which infect humans In: J
Maniloff, RN McElhaney, LR Finch and JB Baseman, editors. Mycoplasmas: molecular
biology and pathogenesis. Washington, DC: American Society for Microbiology (1992).
349-79.

102. Esposito S, Bosis S, Cavagna R, Faelli N, Begliatti E, Marchisio P, et al.
Characteristics of Streptococcus pneumoniae and atypical bacterial infections in
children 2-5 years of age with community-acquired pneumonia. Clin Infect Dis. (2002)
35:1345-52. doi: 10.1086/344191

103. Tannuzo N, Insel M, Marshall C, Pederson WP, Addison K]J, Polverino F, et al.
CC16 deficiency in the context of early-life Mycoplasma pneumoniae infection results in
augmented airway responses in adult mice. Infect Immun. (2022) 90:¢0054821. doi:
10.1128/iai.00548-21

104. Ko HM, Choi SH, Jee W, Lee SH, Park D, Jung JH, et al. Rosa laevigata attenuates
allergic asthma exacerbated by water-soluble PM by downregulating the MAPK
pathway. Front Pharmacol. (2022) 13:925502. doi: 10.3389/fphar.2022.925502

105. Newnham DM, Lipworth BJ. Nebuliser performance, pharmacokinetics, airways
and systemic effects of salbutamol given via a novel nebuliser delivery system
(“Ventstream”). Thorax. (1994) 49:762-70. doi: 10.1136/thx.49.8.762

106. Meyer Sauteur PM, Theiler M, Buettcher M, Seiler M, Weibel L, Berger C.
Frequency and clinical presentation of mucocutaneous disease due to Mycoplasma
pneumoniae infection in children with community-acquired pneumonia. JAMA
Dermatol. (2020) 156:144-50. doi: 10.1001/jamadermatol.2019.3602

107. Ravaglia C, Poletti V. Bronchiolitis and bronchiolar disorders. Semin Respir Crit
Care Med. (2020) 41:311-32. doi: 10.1055/s-0039-3402728

108. Luo H, He J, Qin L, Chen Y, Chen L, Li R, et al. Mycoplasma pneumoniae lipids
license TLR-4 for activation of NLRP3 inflammasome and autophagy to evoke a
proinflammatory response. Clin Exp Immunol. (2021) 203:66-79. doi: 10.1111/cei.13510

109. Su X, You X, Luo H, Liang K, Chen L, Tian W, et al. Community-acquired
respiratory distress syndrome toxin: unique exotoxin for M. pneumoniae. Front
Microbiol. (2021) 12:766591. doi: 10.3389/fmicb.2021.766591

110. Kandeel A, Fahim M, Deghedy O, Roshdy HW, Khalifa KM, el Shesheny R, et al.
Multicenter study to describe viral etiologies, clinical profiles, and outcomes of
hospitalized children with severe acute respiratory infections, Egypt 2022. Sci Rep.
(2023) 13:21860. doi: 10.1038/s41598-023-48814-x

111. Hubert D, Dumke R, Weichert S, Welker S, Tenenbaum T, Schroten H.
Emergence of macrolide-resistant Mycoplasma pneumoniae during an outbreak in a
primary school: clinical characterization of hospitalized children. Pathogens. (2021)
10:328. doi: 10.3390/pathogens10030328

112. Meyer Sauteur PM, Krautter S, Ambroggio L, Seiler M, Paioni P, Relly C, et al.
Improved diagnostics help to identify clinical features and biomarkers that predict
Mycoplasma pneumoniae community-acquired pneumonia in children. Clin Infect Dis.
(2020) 71:1645-54. doi: 10.1093/cid/ciz1059

113. Wei B, Dang YH, Liu XP, Li M. Protective effect of inhaled corticosteroid on
children with asthma with Mycoplasma pneumoniae pneumonia. Front Pediatr. (2022)
10:908857. doi: 10.3389/fped.2022.908857

114. Brlek P, Buli¢ L, Bra&i¢ M, Proji¢ P, Skaro V, Shah N, et al. Implementing whole
genome sequencing (WGS) in clinical practice: advantages, challenges, and future
perspectives. Cells. (2024) 13:504. doi: 10.3390/cells13060504

115. Krueger M, Puthothu B, Heinze J, Forster ], Heinzmann A. Genetic
polymorphisms of adhesion molecules in children with severe RSV-associated diseases.
Int ] Immunogenet. (2006) 33:233-5. doi: 10.1111/j.1744-313X.2006.00603.x

116. Chalmers JD, McHugh BJ, Docherty C, et al. Mannose-binding lectin deficiency
and disease severity in non-cystic fibrosis bronchiectasis: a prospective study. Lancet
Respir Med. (2013) 1:224-32. doi: 10.1016/52213-2600(13)70001-8

frontiersin.org


https://doi.org/10.3389/fmed.2024.1437731
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3389/fmicb.2016.00974
https://doi.org/10.3389/fmicb.2016.00974
https://doi.org/10.1371/journal.pone.0038585
https://doi.org/10.1371/journal.pone.0038585
https://doi.org/10.1128/JCM.00495-13
https://doi.org/10.21037/jtd.2017.09.75
https://doi.org/10.21037/jtd.2017.09.75
https://doi.org/10.3389/fmed.2016.00028
https://doi.org/10.3390/toxins13050347
https://doi.org/10.1056/NEJMoa1408913
https://doi.org/10.1513/AnnalsATS.201306-189MG
https://doi.org/10.1016/j.pupt.2021.102095
https://doi.org/10.1016/j.pupt.2021.102095
https://doi.org/10.3390/antibiotics12111623
https://doi.org/10.1001/jamanetworkopen.2022.20949
https://doi.org/10.1001/jamanetworkopen.2022.20949
https://doi.org/10.1002/ppul.25665
https://doi.org/10.1086/344191
https://doi.org/10.1128/iai.00548-21
https://doi.org/10.3389/fphar.2022.925502
https://doi.org/10.1136/thx.49.8.762
https://doi.org/10.1001/jamadermatol.2019.3602
https://doi.org/10.1055/s-0039-3402728
https://doi.org/10.1111/cei.13510
https://doi.org/10.3389/fmicb.2021.766591
https://doi.org/10.1038/s41598-023-48814-x
https://doi.org/10.3390/pathogens10030328
https://doi.org/10.1093/cid/ciz1059
https://doi.org/10.3389/fped.2022.908857
https://doi.org/10.3390/cells13060504
https://doi.org/10.1111/j.1744-313X.2006.00603.x
https://doi.org/10.1016/S2213-2600(13)70001-8

	A comprehensive review of Mycoplasma pneumoniae infection in chronic lung diseases: recent advances in understanding asthma, COPD, and bronchiectasis
	Introduction
	Asthma
	Chronic obstructive pulmonary disease (COPD)
	Bronchiectasis
	Epidemiology
	Mycoplasma pneumoniae and asthma
	Mycoplasma pneumoniae and COPD
	Mycoplasma pneumoniae and bronchiectasis

	Pathogenic mechanisms
	Direct effects
	Indirect effects
	Clinical manifestations
	Diagnosis
	Treatment challenges
	Long-term consequences
	Future research directions
	Conclusion

	References

