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Abstract: Although there has been a drastic decline in the cases of Tuberculosis in the United States,
the prevalence of infections caused by Mycobacterium avium Complex (MAC) has steadily increased
in the past decades. Mycobacterium avium (M. avium) is one of the most abundant microorganisms
in the MAC species. The mycobacterium genus is divided into two major groups: tuberculosis
causing mycobacteria and non-tuberculous mycobacteria. MAC is most prominent among the non-
tuberculous mycobacteria. MAC is an opportunistic pathogen that is present in soil, water, and
droplets in the air. MAC infections can result in respiratory disease and can disseminate in affected
patients. MAC infections are especially prevalent in patients with preexisting respiratory conditions
such as Chronic Obstructive Pulmonary Disease (COPD). COPD is one of the most common lung
conditions in the world with the primary cause being smoking in developed countries. COPD
involves chronic inflammation of lung tissue resulting in increased susceptibility to infection. There is
a lack of research regarding the pathophysiology that leads COPD patients to be susceptible to MAC
infection. Our review paper therefore aims to investigate how the pathogenicity of MAC bacteria
and immune decline seen in COPD patients leads to a greater susceptibility to MAC infection among
COPD patients.

Keywords: non-tuberculous mycobacterial pulmonary disease; chronic obstructive pulmonary
disease; M. avium infections; tuberculosis; Mycobacterium avium complex

1. Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a chronic inflammatory condition
of the pulmonary system that results in obstructive airflow from the lung tissue. Patients
with COPD exhibit symptoms of breathing strain, mucus filled sputum, wheezing, chest
tightness, fatigue, and increased cough. COPD incidence is directly linked to chronic
exposure to pulmonary irritants such as pollution, particulate matter, and most commonly
smoking. COPD is broadly classified into Emphysema and Chronic Bronchitis. Emphysema
is a condition where the lung alveoli suffer extensive damage, while Chronic Bronchitis
is a long-term inflammation of bronchioles and bronchi that transport air to and from
the alveoli. Currently, around 6.6% of the US population or 16.4 million US individu-
als suffer from COPD. Patients with a history of lung disease such as COPD have an
increased risk of Mycobacterium avium Complex (MAC) colonization [1,2]. In patients with
COPD, the risk of contracting a mycobacterial infection is 15 times higher than that of the
general population.

Mycobacterium genus was first discovered on 24 March 1882 by Dr. Robert Koch.
In the 100 years that followed, other researchers studied MAC and its virulence factors.
The most famous species of this genus is Mycobacterium Tuberculosis. However, overall,
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the mycobacterium genus has more than a hundred different species under its umbrella
that have been discovered so far. Mycobacterium genus can generally be differentiated
into two main classes: tuberculoid-mycobacterium versus Mycobacterium avium Complex
(MAC) [2] Mycobacterium genus is unique in the way that its cell membrane contains
mycolic acid. Most of the mycobacterium are aerobic organisms, which do not produce
any spores, are nonmotile, and are generally curvilinear to linear shaped [3]. The fact that
their cell envelope is composed of lipid-rich material renders them acid-fast. Additionally,
mycobacterial peptidoglycan contains lipids in place of proteins and polysaccharides. These
properties make the genus neither gram-positive or gram-negative. The cell membrane
of mycobacterium is quite similar to cell membranes of other bacteria, but it still differs
from them with respect to the presence of lipoarabinomannan (LAM), lipomannan, and
phosphatidylinositol mannosides [3].

The objective of this review is to synthesize the current literature on Mycobacterium
avium Complex (MAC) susceptibility among COPD patients and discuss some possible
physiological and metabolic pathways that result in this increased susceptibility among
COPD patients. Additionally, this paper intends to bring light to some key considerations
in the treatment of patients affected.

2. Materials and Methods

The focus of this review is to explore the connection between M. avium and COPD.
The majority of the articles discussed the high incidence of M. avium infections in patients
with COPD. The search strategy started with searching for M. avium and COPD in abstracts,
and expanded to pathogenesis of mycobacterium, and decreased immune response of
individuals with COPD and M. avium separately. The search criteria included keywords
such as: M. avium, COPD, immunodeficiency, and immunology. M. tb and tuberculosis
were excluded in other searches to narrow down MAC as a topic of discussion. The search
engine utilized was PubMed, with the majority of articles sourced from the same. Some of
those articles included translations of literature in other languages. Specific case studies
relating to M. avium and COPD were sought out and discussed.

3. Results/Discussion
3.1. Pathogenesis of Mycobacterium avium Complex (MAC)

Moycobacterium avium Complex (MAC) includes three major species: M. avium,
M. intracellulare, and M. chimaera [4]. These three species are difficult to distinguish and
cause disease with similar symptomatology. These diseases generally have a chronic in-
dolent course and are quite resistant to antibiotics. In immunocompromised individuals,
such as patients with HIV, Wiscott-Aldrich syndrome, severe combined immunodeficiency
disease (SCID), Primary Immunodeficiency Diseases (PIDD), and cancers of the immune
system, e.g., leukemias and lymphomas, mycobacterium can dissipate from its usual pul-
monological location to other organ systems, causing disseminated infections [5,6]. Since
mycobacterium are facultative intracellular species, they can adapt to thrive both within
the human cells and outside them. MAC generally live in natural environments and infect
humans through inhalation of environmental particles [3]. After inhalation, MAC has
the propensity to infect the mucosal epithelial cells lining the human lung tissues. This
activates macrophages to fight MAC and the collection of macrophages form a granuloma
to contain and inhibit the growth of MAC bacteria [7]. These granulomas increase in
size and form nodules that damage the bronchi, forming Nodular Bronchiectasis, and
decrease the mucociliary activity in the lung. Additionally, the nodular bronchiectasis also
diminishes the immune response to MAC in the lungs [8]. These processes are slow and
gradual in nature.

If an infected patient is already predisposed to MAC due to diseases such as HIV
and inherited immunodeficiency gene defects, the MAC can disseminate to the lymphatic
system and infect other organ systems [9]. Patients with diseases, such as COPD, Bronchiec-
tasis, and cystic fibrosis are also very susceptible to MAC infections. Some of the symptoms
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of MAC infection include: extreme fatigue, low grade fever, night sweats, and unexplained
loss of appetite and weight, shortness of breath, chest pain, and recurring respiratory
infections [10]. If the MAC infection becomes disseminated, the patient will likely have
organ specific physical exam finds, such as hepatomegaly and lymphadenopathy, along
with abnormal blood lab values such as anemia, pancytopenia, increased transaminase,
and increased alkaline phosphatase [5].

3.2. Prevalence of Mycobacterium avium Complex (MAC)

Mycobacterial infections are globally increasing despite the decline of tuberculosis [1].
Tuberculosis-causing bacteria include M. tb and Mycobacterium leprae resulting in tuber-
culosis and leprosy, respectively. MAC, also known as Atypical Mycobacterial infections,
are other species in the Mycobacterium genus that do not cause tuberculosis or leprosy.
MACs are composed of quite a few species, the most prevalent of them being M. avium,
M. intracellulare, and M. chimaera. Infections with these MAC species can result in high
variability in symptoms [11]. In the United States the incidence of tuberculosis has drasti-
cally dropped since World War 2, with a peak during the 1980s at the beginning of the HIV
surge, and a steady decline from 1993 to 2019 according to the CDC [12].

The incidence of MAC infections is increasing continuously worldwide. Studies
conducted in Belgium [13], Germany [14,15], South Korea [16], Japan [17], Brazil [18], and
more showed the increase in incidence of MAC causing pulmonary disease, specifically
MAC in the past 15 years. Most of the studies concluded that the recovery rate and infection
rates of MACs were increasing in the past decade, with the highest prevalence in the elderly
and individuals with existing respiratory predispositions [14].

3.3. MAC Assessment Toola and Clinical Diagnosis of Mycobacterium avium Complex
(MAC) Infection

With the rise of MAC infections in the recent decades, some studies propose that
the improvement in diagnosing MAC could be a contributing factor in the increased
incidence reported. There is high host variability in patients with MAC disease, however
individuals with MACs are usually elderly females who are thin and tall. They have also
identified the extent to which smoking history, scoliosis, and pectus excavatum can result
in MAC infection [5]. In a retrospective study conducted in South Korea by Park et al. [16],
pleural effusion was studied with the most common species involved being MAC. The
individuals were divided into two groups—MAC causing pleuritis and MAC without
pleuritis. The study showed that patients in the MAC causing pleuritis group had less
nodular bronchiectatic lung features and a lower treatment success rate than the MAC
without pleuritis group. This study demonstrated another aspect of the variability of MAC
infections that should be considered in formulating a treatment plan in patients with active
MAC infections.

MAC infections are typically diagnosed by sputum cultures and acid-fast staining.
These diagnostic tests require time and resources. There are many studies that identify
those at risk for MAC infections. The Leicester Cough Questionnaire (LCQ) and the St.
George Respiratory Questionnaire (SGRQ) were both studied as ways to assess health
related quality of life (HRQ) for patients with MAC [19]. The SGRQ was developed to
assess the quality of life for patients with COPD but it is not a dedicated assessment for
MAC infections [20]. The LCQ is often used to study coughs in patients. Factors considered
included BMI, physical, social, and psychological aspects related to their disease process.
After analyzing the correlation between SGRQ and LCQ on MAC patients, it was concluded
that LCQ may provide use in the assessment of HRQOL in patients with MAC lung disease.

Clinically, in health care settings, the diagnosis of MAC is done with a combination
of microbiology lab results, clinical and radiological criteria [10]. Clinical phenotypes of
MAC include: Fibrocavitary disease and Nodular Bronchiectatic disease. Fibrocavitary
disease is primarily in the superior area of the lungs, focal or cavitary in nature, and
affects both males and females. Nodular Bronchiectatic disease is primarily focused on
the middle lung lobes, with centrilobular nodular form, with females having a higher
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incidence rate than males. Nodular bronchiectatic disease has a higher incidence among
smokers, and therefore by inference may be more likely found among COPD patients [21].
In 2020, American Thoracic Society, European Respiratory Society, and other published an
official clinical practice guidelines for the treatment of MAC [22]. According to the guide-
lines, MAC requires the presence of pulmonary and systemic symptoms, nodules/ cavities
on Chest X-ray or bronchiectasis with multiple small nodules on CT, with greater than
2 positive sputum cultures or 1 positive bronchiolar lavage or 1 positive biopsy [23].

3.4. Treatment of Mycobacterium avium Complex (MAC) Infection

The treatment is begun if the patient has a known infectious presentation with lung
cavitation, increased inflammatory markers (ESR, CRP), positive lung cultures with more
virulent MAC species, any form of immunodeficiency, and severe constitutional symptoms.
The first line of treatment could be conservative in nature such as physiotherapy, nutrition,
albuterol, ipratropium, prednisone, and others. If the symptoms and hemodynamic signs
continue to worsen, then antibiotic treatment can be used. The treatment for Nodular
bronchiectatic disease is Azithromycin, Rifampicin, and Ethambutol three times weekly.
Cavitary and refractory disease requires the same treatment, but with an addition of
intravenous Amikacin; and these antibiotic regimens can vary from three times per week to
daily. It is advised to continue the antibiotics regimen for about 12 months after getting the
first negative sputum culture. Additionally, after diagnosing patients with active infections,
patients are advised to limit exposure to soil and environment since MAC are prevalent
there. If MAC disseminated to lymph nodes, some patients might benefit from surgical
excision of those infected lymph nodes [22].

3.5. Pathogenesis of Chronic Obstructive Pulmonary Disease (COPD)

COPD is a leading factor in increasing the risk of a patient developing a MAC infection.
COPD is a progressive inflammatory lung disease that leads to airflow limitation. Patients
with a history of lung disease such as COPD have an increased risk of MAC colonization [2].
In patients with COPD, the risk of contracting a mycobacterial infection is 15 times higher
than that of the general population [24]. One of the main causes of COPD is smoking.
According to American Lung Association, almost 90% of COPD cases were the result
of smoking history. Although smoking is a common cause, other risk factors such as
second-hand smoking and exposure to air pollution invoke the same result. Exposure
to second-hand smoking during childhood can elevate the risk of developing COPD in
adulthood [25]. Air pollution also exacerbates the symptoms of COPD. Patients with
COPD are especially vulnerable to pollutants and the damaging consequences that they
have. Other than exposure to air pollution and first and secondhand-smoking, those
with alpha-1 antitrypsin deficiency also develop COPD. In this case, COPD is formed
because of a genetic condition that affects how the patient’s body produces alpha-1. The
alpha-1 antitrypsin protein is a glycoprotein produced in the liver. It is essential because it
protects the lung’s alveoli from damage, while the immune system agents fight infections.
The sensitive lung tissue of individuals with alpha-1 deficiencies are destroyed, which
contributes to the development of COPD [26].

The most common conditions of COPD are emphysema and chronic bronchitis. The
primary symptom of emphysema is shortness of breath. In the lungs of emphysema
patients, the alveoli are damaged, which negatively affects the exchange of oxygen and
carbon dioxide. This occurs due to the formation of large air pockets in the lungs as a
result of alveoli deterioration. The eventual destruction of alveoli causes a reduction in the
surface area usable for gas exchange [27]. Other symptoms of emphysema include: fatigue,
weight loss, coughing with mucus, and wheezing. Chronic bronchitis includes several
symptoms that overlap with emphysema. These include: fatigue, wheezing, and shortness
of breath. However, a significant symptom that distinguishes it from emphysema is chronic
productive cough. Chronic coughing is most notably associated with chronic bronchitis.
Patients with chronic bronchitis have frequent coughing that can also produce excess
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mucus. It is the product of the airways becoming filled with mucus. This productive cough
lasts for at least three months a year for two consecutive years. COPD causes deficiencies
in the patient’s immune system that leaves them susceptible to mycobacterial infections.

In COPD patients, the resident lung microbiome is eventually altered. Alteration of
the lung microbiome causes pathogen colonization [28]. Respiratory tract opportunistic
pathogens such as S. aureus and p. aeruginosa are also present in the airway of the
COPD patients. The pathogens colonize the respiratory tract and result in the production of
biofilms that prevent opsonization by antibodies [29]. The changes that occur in the immune
system of a COPD patient increase the likelihood of MAC infections. COPD places patients
at a high risk of mycobacteriosis development, especially those with bronchiectasis. In the
pathogenesis of COPD, the changes that occur leave immunocompromised individuals
susceptible to MAC infections.

3.6. Immunosuppressant Effects of Steroids in COPD Patients

Chronic Obstructive Pulmonary disease results in chronic inflammation, which causes
a positive feedback loop in worsening COPD. Consequently, to mitigate this process, COPD
exacerbations are treated by prescribing corticosteroids which help in the reduction of
inflammation. Corticosteroids do this by downregulating inflammatory cytokines, reducing
oxidative stress, causing a reduction in mast cells, eosinophils, neutrophils, T-lymphocytes,
macrophages, GM-CSF, reducing IL-6 and IL-8 from bronchial epithelial cells, and lowering
C-Reactive proteins. This results in shorter hospital stays, reduction in COPD exacerbation,
decreased relapse rate, and in improved response of patients to bronchodilators. In cases
of extreme COPD exacerbations, the use of corticosteroids may even increase FEV1 (Forced
Expiratory Volume in 1 s), a shorter time of ventilators, reduced ICU hospitalizations, and
overall reduced hospital stay. If chronic inflammation caused by COPD is left unaddressed,
it can lead to dysregulation of the balance between damaging inflammation and curative
healing processes. Corticosteroids help reduce the destructive effects of inflammation,
helping in a speedy recovery [30].

However, these benefits of corticosteroids in COPD come with significant side effects,
particularly with respect to increased susceptibility to opportunistic infections. In a case-
control study conducted by Vincent X. Liu, they investigated the relationship between
Corticosteroid use and MAC infection [31]. They found that patients using corticosteroids
had increased odds of developing MAC infection. Additionally, the duration of corticos-
teroids was positively correlated with increased MAC infection severity. Glucocorticoids
have a multifactorial effect on the patient’s adaptive and innate immune system. Gluco-
corticoids downregulate the transcription of genetic material that gets translated into pro-
inflammatory cytokines and chemokines, cell-adhesion molecules, and other proteins that
sustain the initiation and maintenance of inflammation [32]. Some of the pro-inflammatory
genes that are downregulated by corticosteroids include NF-«B and AP-1 [33]. Glucocor-
ticoids can also upregulate genes that code for phenylethanolamine n-methyltransferase
(PNMT) [33], dual specificity phosphatase (DUSP) 1, I«B, IL-10, glucocorticoid-induced
leucine zipper (GILZ) [34], and others that further suppress inflammation and diminish
the response of monocytes, macrophages, antigen-presenting cells in T cells, neutrophils,
and pituitary folliculostellate cells resulting in a significant reduction in the efficacy and
number of innate and adaptive immune cells [35]. In addition to switching on and off
genes, glucocorticoids also influence chromatin remodeling that are highly precise in terms
of conformational changes in the DNA structures of genes that upregulate inflammation
and downregulate the healing process. Consequently, there is an up-regulation of cy-
tokines and pro-inflammatory proteins that augment the HPA axis, resulting in elevated
plasma cortisol levels and elevated plasma 11-dehydrocorticosterone, acting in a positive
feedback-loop to diminish the body’s immune system response. This results in increased
susceptibility to opportunistic infections, such as Mycobacterium avium Complex (MAC)
Mycobacterium [35].
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COPD treatment includes long-term use of corticosteroids that can result in the im-
munosuppression of innate and adaptive immune cells, including CD4 cells, lymphocytes,
macrophages, neutrophils, and up-regulation of anti-inflammatory proteins. This impedes
the ability of the host to fight infections. MAC leads to a chronic infection that can stay in
the lungs forming nodules, biofilms, and live-in granulomas, and can cause chronic lung
disease. Patients using corticosteroids are similar to immune-deficient patients, such as
HIV + patients, where MAC lung infections can even spread to other organ systems via
lymphatic systems, causing a disseminated infection [9]. Consequently, it is no surprise that
cross-sectional and case-control studies have shown that COPD patients who chronically
use corticosteroids are more prone to MAC lung disease than regular non-chronic steroids
using COPD patients [36].

3.7. Redox Imbalance in COPD Patients

Lung anatomy exposes the lung directly to environmental toxins. This exposure
increases the lung’s oxidative stress. COPD patients generally have high exposure to
smoking and other inhaled toxins that result in high oxidative and carbonyl stress in
the lungs. In COPD patients, the oxidative burden of inspired environmental toxins
exceeds the lung’s inherent anti-oxidative defense. This causes chronic damage to the lung
tissue, resulting in production of reactive organic molecules that accelerate the damage of
neighboring tissue, thereby, increasing the carbonyl stress. In COPD, the chronic burden of
oxidative and carbonyl species causes a positive feedback loop that continues long after
COPD patients cut out smoking. In addition to environmental toxins causing lung tissue
damage, the acute exacerbations of COPD can itself result in the body’s own innate and
adaptive immune cells producing reactive oxygen species that increase the oxidative and
carbonyl stress in the lungs. This stress can result in mitochondrial damage, autoimmune
disease, activation of pro-inflammatory markers, increased mucus production, increased
bronchial constriction, tissue remodeling, and overall worsening of both COPD symptoms
and acute COPD exacerbations [37].

3.8. Glutathione Deficiency in COPD and MAC Infected Patients

One of the most important anti-oxidative markers of the human body is Glutathione
(GSH). Glutathione (y-glutamylcysteinylglycine, GSH) is an important thiol tripeptide
antioxidant that maintains cellular redox state and cellular homeostasis in a variety of
cellular processes within mammalian cells. GSH binds to the oxidative species and gets
oxidized by Glutathione Peroxidase enzyme, thereby, reducing the body’s oxidative and
carbonyl stress. Therefore, it plays a crucial role in securing the lung cells and lung
tissue function. However, the excess production of reactive species in COPD patients
can inundate the antioxidant ability of GSH present in the lungs, resulting in damage to
cellular homeostasis and metabolism of pulmonary tissues [38]. Excess oxidative stress
among COPD patients may be another factor resulting in a higher prevalence of MAC
mycobacterium in the COPD patient population. Since the oxidative stress results in the
pulmonary tissue damage, anatomic changes, unregulated immune response to pathogens,
dysregulation of cytokines, and increased inflammatory response in the body, it can be
inferred that COPD patients have a lower ability to contain mycobacterium infections, thus,
resulting in a much higher susceptibility to succumbing to MAC infections.

3.9. Increased Susceptibility for MAC Infections among COPD Patients

In a case study conducted in Poland by Wyrostkiewicz et al., a 63-year-old male
with a history of smoking and COPD was studied after worsening symptoms and MAC
infection [24]. The patient’s X-rays showed chronic bronchitis and bronchiectasis with
thickening in the lower lung lobes. A chest CT was obtained, showing a 5 cm lesion in
the right lung with enlarged lymph nodes and fluid in the pleural effusion on the same
side. The patient reported increased productive cough and difficulty breathing on exertion
with fever and weight loss. He was treated in the past with corticosteroid, cholinolytic, and
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beta-antagonist medications. The patient’s quantiferon TB was negative with a history of
childhood tuberculosis. After a 4-week culture, the patient was diagnosed with M. avium
infection. The study concluded with the increased susceptibility to MAC infections in
patients with COPD [24]. Due to the increased risk of opportunistic infections in patients
with COPD and the commonality of MAC, it is important to consider diagnostic testing
early to start the proper treatment.

MAC is an opportunistic bacterium that infects immunocompromised individuals
such as those with COPD or HIV. In a case study conducted in Switzerland, Bachofner,
Ikenberg, Schulthess, and Nemeth discussed the inflammatory syndrome caused by M.
avium infection in a patient with preexisting HIV infection [6]. Patients with HIV /AIDS
and chronic pulmonary disease frequently have pulmonary infections attributed to M.
avium [39]. The cell block revealed granulomatous inflammation with clustering of ep-
ithelioid histiocytes in the lymph node. This type of cell formation is present in chronic
inflammations, similar to how it presents in patients with COPD.

3.10. Immune Alterations Due to MAC

Interferon-y (IFN-v) is a cytokine involved in innate and adaptive immunity and
functions to stimulate natural killer cells and macrophages. IFN-y is also important in
the regulation of T lymphocyte reaction with dendritic cells. Deficiency in Interferon-y
Receptor 1 (IFNYR1) is associated with Mendelian Susceptibility to Mycobacterial Disease
(MSMD) a genetic inheritance of immunodeficiency that increases the susceptibility of
mycobacterial infections. Dotta et al. investigated immunodeficient patients with my-
cobacterium infections and found that patients undergoing active M. avium infections had
a lower expression of cytokines and lower count of dendritic cells [40]. Dendritic cell
maturation is dependent on T-cell response to IFN-y and IL-12, a defect on either of the
respective receptors can result in dendritic cell deficiency. Dendritic cell deficiency has also
been reported in patients with monocytopenia with MAC syndrome. Although COPD is
not a genetic inherited disease, there is immune dysfunction in patients with COPD that
predispose them to MAC infections [37].

In a prospective study conducted by Shu et al., patients with MAC lung disease were
compared to healthy individuals to evaluate the responses of tumor necrosis factor-« (TNF-
o) and IFN-y with MAC [8]. Patients with active M. avium infections had decreased TNF-«
and IFN-y activity responses as well as decreased stimulation from IL-12 on peripheral
blood mononuclear cells. After the patients were treated for their MAC infections, there
were increases to the previously mentioned factors. The study proposed that continual
infection of MAC can result in cell immunity suppression. In patients with MAC infections,
they discovered higher programmed cell death in lymphocytes. It was also mentioned
that CD4+ and CD25 lymphocytes had increased expression of programmed cell death,
suggesting the pathway involved in inhibiting immunity [7].

Damaged lung tissue in COPD and associated immunodeficiency can increase the
susceptibility of infections of opportunistic pathogens with M. avium making up a large
percentage due to the ubiquitous presence. Inflammation in the lungs of patients with
COPD can expose the fibronectin matrix for M. avium to bind to and grow [41]. Through
various studies it is also proposed that M. avium infections can result in chronic inflamma-
tion and reduction of the immune response, leading to increased susceptibility to MAC
and other mycobacteria.

3.11. Parallels between HIV-Aids Patient’s Systemic Immunosuppression and COPD Induced
Localized Immunosuppression

HIV (human immunodeficiency virus) is a virus that attacks the body’s immune sys-
tem. If HIV is not treated, it can lead to AIDS (acquired immunodeficiency syndrome). HIV
primarily attacks the immune system, eventually resulting in a state of immune-system
failure, resulting in increased susceptibility in fighting most infectious diseases. HIV prefer-
entially infects CD4 cells in the first few weeks of the infection. CD4 cells play an important
role in signaling other immune cells in combating pathogenic microorganisms. Since the
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HIV virus lowers the number of active CD4 cells, the body is not able to muster up a
well-coordinated systemic immune response to the infectious pathogen. Consequently,
HIV patients are susceptible to MAC infections since there is substantial systemic immuno-
suppression among HIV-AIDS patients. A parallel to this systemic immunosuppression can
be drawn out in COPD patient’s localized immunosuppression in the patient’s pulmonary
tissues. COPD results in systematic destruction of lung tissue, uncoordinated response of
cytokines, immunosuppression of innate and adaptive immune cells, and redox imbalance
in lungs and glutathione deficiency. Overall, this results in COPD patients exhibiting a
localized immunosuppression in lungs and greater susceptibility to MAC infections.

4. Conclusions

In this article, the correlation between MAC infections and COPD has been thoroughly
evaluated in order to provide a concise overview of the topic. The overall finding is
that patients with COPD have increased susceptibility to MAC infections, specifically M.
avium [42]. In the United States, cases of Tuberculosis have significantly declined, however,
MAC infections have risen greatly. MAC infections have become more prevalent globally as
well according to studies done in Belgium [14], Germany [15], South Korea [16], Japan [17],
and Brazil [18]. COPD is a leading factor in increasing the risk of developing a MAC
infection. Illnesses such as COPD leave patients predisposed to lowered or weakened
immune responses which contributes to the patients’ susceptibility to MAC colonization.
COPD is most commonly caused by smoking, however other causes such as exposure to
second-hand smoking, air pollution, and alpha-1 antitrypsin deficiency also invoke the
same result [25]. COPD leads to chronic inflammation of the lungs along with alterations
in the resident lung microbiome. Lungs in patients with smoking history have undergone
constant oxidative stress, resulting in irreversible lung damage. M. avium, like others in
the genus, can adhere to damaged lung tissue, and additionally decrease the immune
response of patients affected [43]. Corticosteroids are typically used as treatment for COPD
and have proven success in alleviating inflammation. However, there are many indicators
for a positive correlation between corticosteroid usage and increased rates of M. avium
infections [44].

It is also crucial to understand that illnesses such as COPD cause detrimental im-
balances that leave patients” immune systems vulnerable to MAC infections. In COPD
patients, specifically those with a history of smoking and exposure to inhaled toxins, there
is high oxidative and carbonyl stress in the lungs. The oxidative burden surpasses the
lung’s anti-oxidative defense, which causes chronic damage to the lung tissue [45]. This
results in the production of reactive organic molecules that are responsible for accelerating
the destruction of tissue, which then increases the carbonyl stress. The oxidative and car-
bonyl stress results in autoimmune disease and triggers the activation of pro-inflammatory
markers. Excess oxidative stress is likely a factor contributing to a rise of MAC infections
amongst COPD patients. Due to the oxidative stress, pulmonary tissue damage, anatomic
changes, unregulated immune response to pathogens, dysregulation of cytokines, and
increased inflammatory response in the body all occur, lowering the ability of the COPD
patient population to contain mycobacterium infections [46]. Another imbalance that has
significant repercussions is that of Glutathione [38]. Glutathione is an important thiol
tripeptide antioxidant that maintains cellular redox state and cellular homeostasis in a
variety of cellular processes within mammalian cells. An imbalance of Glutathione in
COPD patients is detrimental because it damages cellular homeostasis and the metabolism
of pulmonary tissues. The damage, done due to imbalances in the immune system, results
in COPD patients having significantly higher susceptibility to MAC infections.

In this review, the diagnosis and treatment of MAC in the COPD patient population
was examined in order to better understand their relationship [42]. Typically, MAC in-
fections are diagnosed by sputum cultures and acid-fast staining. In initial phases, the
treatment can consist of albuterol, ipratropium, prednisone, physiotherapy, and nutrition.
However, antibiotic treatment can be used if conditions worsen (Refer to Figure 1). Patients
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are also advised to avoid exposure to soil and the environment since MAC is abundant
there. The increased risk of opportunistic infections in COPD patients such as MAC makes
it critical to consider diagnostic testing early in order to start the proper treatment. If
treatment is delayed, the immune systems of COPD patients are left vulnerable to MAC
colonization. Due to the increase in incidence of MAC infections and the high prevalence of
COPD, it is important to consider aspects involved in risk factors, diagnosis, and potential
contraindications in the treatment of those affected by both.
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,(/ Inhaled into lungs

Infect lungs causing:
__— * Nodular Bronchiectatic disease
+  Fibrocavitary disease

&
SYMPTOMS:
*  Extremefatigue
*  Low gradefever
* Nightsweats
* loss of appetite and weight
* Shortness of breath
*  Chestpain
* Recurring pulmonary infections

|

DIAGNOSIS REQUIRES ALL THREE OF THE FOLLOWING:

1. Pulmonary and Systemic symptoms

2. Nodules & Cavities on Chest X-ray OR Bronchiectasis with
multiple small nodules on CT

3. Greaterthat 2 positive sputum cultures OR 1 positive
bronchiolar lavage OR 1 positive biopsy

|

TREATMENT

Nodular Bronchiectatic | Azithromycin, Rifampicin, and Ethambutal (three times
Disease weekly)

FibroCavitary Disease & | Azithromycin, Rifampicin, Ethambutal, and Amikacin (vary
Refractory disease from three times per week to daily)

Figure 1. A figure elucidating the most common species making up MAC, MAC’s infectious route
into the lungs, its symptoms, diagnosis, and treatment.



Clin. Pract. 2021, 11 628

Author Contributions: Conceptualization, V.V. and S.M. (Shafaa Munjal); methodology, S.M. (Shalok
Munjal); writing—original draft preparation, J.G., S.M. (Shafaa Munjal) and S.M. (Shalok Munjal);
writing—review and editing, S.M. (Shafaa Munjal), J.G. and S.M. (Shalok Munjal); visualization, S.M.
(Shalok Munjal); supervision, V.V., S.M. (Shalok Munjal), S.M. (Shafaa Munjal) and J.G. contributed
equally and intend on co-sharing the first Authorship of the paper. All authors have read and agreed
to the published version of the manuscript.

Funding: The research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable. No new data were created or analyzed in
this study. Data sharing is not applicable to this article.

Acknowledgments: We appreciate the funding support from NIH (RHL143545-01A1).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Matesanz Lopez, C.; Loras Gallego, C.; Cacho Calvo, J.; Thuissard Vasallo, L.].; Rio Ramirez, M.T. Patients with non-tuberculous
mycobacteria in respiratory samples: A 5-year epidemiological study. Rev. Esp. Quimioter. 2021, 34, 120-125. [CrossRef] [PubMed]

2. Auster, L.; Sutton, M.; Gwin, M.C,; Nitkin, C.; Bonfield, T.L. Optimization of In Vitro Mycobacterium avium and Mycobacterium
intracellulare Growth Assays for Therapeutic Development. Microorganisms 2019, 7, 42. [CrossRef] [PubMed]

3.  Pfyffer, G.E.; Inderlied, C.B. Chapter 174—Mycobacteria. Mosby 2010, 1777-1800. [CrossRef]

4. Meier, E.; Pennington, K.; Gallo de Moraes, A.; Escalante, P. Characteristics of Mycobacterium avium complex (MAC) pulmonary
disease in previously treated lung cancer patients. Respir Med. Case Rep. 2017, 22, 70-73. [CrossRef]

5. Swenson, C.; Zerbe, C.S.; Fennelly, K. Host Variability in NTM Disease: Implications for Research Needs. Front. Microbiol. 2018, 9,
2901. [CrossRef]

6.  Bachofner, ].A,; Ikenberg, K.; Schulthess, B.; Nemeth, J. Disseminated Mycobacterium simiae and Mycobacterium avium infection
causing an immune reconstitution inflammatory syndrome in a female patient with HIV infection. BM] Case Rep. 2021, 14,
€241037. [CrossRef]

7. Shu,C.C; Wang, J.Y,; Wu, M.E; Wu, C.T; Lai, H.C.; Lee, L.N.; Chiang, B.L.; Yu, C.J. Attenuation of lymphocyte immune responses
during Mycobacterium avium complex-induced lung disease due to increasing expression of programmed death-1 on lymphocytes.
Sci. Rep. 2017, 7, 42004. [CrossRef]

8. Schuurbiers, M.M.F.; Bruno, M.; Zweijpfenning, S.M.H.; Magis-Escurra, C.; Boeree, M.; Netea, M.G.; van Ingen, J.; van de
Veerdonk, F.; Hoefsloot, W. Immune defects in patients with pulmonary Mycobacterium abscessus disease without cystic fibrosis.
ERJ Open Res. 2020, 6. [CrossRef]

9.  Dronamraju, V.; Singh, N.; Poon, J.; Shah, S.; Gorga, J.; Ojeda-Martinez, H.; McFarlane, S. Assessment of Bronchiectasis in HIV
Patients among an Urban Population. Case Rep. Pulmonol. 2020, 2020, 8903809. [CrossRef]

10. Pennington, K.M.; Vu, A.; Challener, D.; Rivera, C.G.; Shweta, EN.U.; Zeuli, ].D.; Temesgen, Z. Approach to the diagnosis and
treatment of non-tuberculous mycobacterial disease. J. Clin. Tuberc. Other Mycobact. Dis 2021, 24, 100244. [CrossRef]

11.  Prato, B.D.; Altieri, A.M.; Carlucci, B.; Mori, P.A,; Parrella, R.; Stainer, A.; Giacomi, F.; Pesci, A.; Faverio, P.; On Behalf of Gruppo
di Studio AIPO “Patologie Infettive Respiratorie e Tubercolosi”. Non-tuberculous mycobacterial pulmonary disease: An Italian
National survey. Sarcoidosis Vasc. Diffuse Lung Dis. 2018, 35, 21-25. [CrossRef] [PubMed]

12.  Porter, ].D.; McAdam, K.P. The re-emergence of tuberculosis. Annu. Rev. Public Health 1994, 15, 303-323. [CrossRef] [PubMed]

13.  Vande Weygaerde, Y.; Cardinaels, N.; Bomans, P; Chin, T.; Boelens, J.; André, E.; Van Braeckel, E.; Lorent, N. Clinical relevance of
pulmonary non-tuberculous mycobacterial isolates in three reference centres in Belgium: A multicentre retrospective analysis.
BMC Infect. Dis. 2019, 19, 1061. [CrossRef] [PubMed]

14. Ringshausen, F.C.; Wagner, D.; de Roux, A.; Diel, R.; Hohmann, D.; Hickstein, L.; Welte, T.; Rademacher, J. Prevalence of
Nontuberculous Mycobacterial Pulmonary Disease, Germany, 2009-2014. Emerg. Infect. Dis. 2016, 22, 1102-1105. [CrossRef]

15. Ringshausen, EC.; Apel, RM.; Bange, F.C.; de Roux, A.; Pletz, M.W.; Rademacher, J.; Suhling, H.; Wagner, D.; Welte, T. Burden
and trends of hospitalisations associated with pulmonary non-tuberculous mycobacterial infections in Germany, 2005-2011. BMC
Infect. Dis. 2013, 13, 231. [CrossRef] [PubMed]

16. Park, Y.; Lee, EH.; Jung, L; Park, G.; Kang, Y.A. Clinical characteristics and treatment outcomes of patients with macrolide-
resistant Mycobacterium avium complex pulmonary disease: A systematic review and meta-analysis. Respir Res. 2019, 20, 286.
[CrossRef] [PubMed]

17. Nagano, H.; Kinjo, T.; Nei, Y.; Yamashiro, S.; Fujita, ].; Kishaba, T. Causative species of nontuberculous mycobacterial lung disease

and comparative investigation on clinical features of Mycobacterium abscessus complex disease: A retrospective analysis for two
major hospitals in a subtropical region of Japan. PLoS ONE 2017, 12, e0186826. [CrossRef]


http://doi.org/10.37201/req/121.2020
http://www.ncbi.nlm.nih.gov/pubmed/33522212
http://doi.org/10.3390/microorganisms7020042
http://www.ncbi.nlm.nih.gov/pubmed/30717247
http://doi.org/10.1016/B978-0-323-04579-7.00174-X
http://doi.org/10.1016/j.rmcr.2017.06.012
http://doi.org/10.3389/fmicb.2018.02901
http://doi.org/10.1136/bcr-2020-241037
http://doi.org/10.1038/srep42004
http://doi.org/10.1183/23120541.00590-2020
http://doi.org/10.1155/2020/8903809
http://doi.org/10.1016/j.jctube.2021.100244
http://doi.org/10.36141/svdld.v35i1.6979
http://www.ncbi.nlm.nih.gov/pubmed/32476876
http://doi.org/10.1146/annurev.pu.15.050194.001511
http://www.ncbi.nlm.nih.gov/pubmed/8054087
http://doi.org/10.1186/s12879-019-4683-y
http://www.ncbi.nlm.nih.gov/pubmed/31847834
http://doi.org/10.3201/eid2206.151642
http://doi.org/10.1186/1471-2334-13-231
http://www.ncbi.nlm.nih.gov/pubmed/23692867
http://doi.org/10.1186/s12931-019-1258-9
http://www.ncbi.nlm.nih.gov/pubmed/31852452
http://doi.org/10.1371/journal.pone.0186826

Clin. Pract. 2021, 11 629

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Carneiro, M.D.S.; Nunes, L.S.; David, S.M.M.; Dias, C.F; Barth, A.L.; Unis, G. Nontuberculous mycobacterial lung disease in a
high tuberculosis incidence setting in Brazil. . Bras. Pneumol. 2018, 44, 106-111. [CrossRef] [PubMed]

Takao, S.; Tabusadani, M.; Yamane, K.; Kakuta, T.; Kuroyama, Y.; Mori, K.; Ono, K.; Omatsu, S.; Kawahara, K.; Toyoda, Y.; et al.
Is the Leicester Cough Questionnaire useful for nontuberculous mycobacterial lung disease? Respir. Investig 2021, 59, 120-125.
[CrossRef]

Weatherall, M.; Marsh, S.; Shirtcliffe, P.; Williams, M.; Travers, J.; Beasley, R. Quality of life measured by the St George’s
Respiratory Questionnaire and spirometry. Eur. Respir. . 2009, 33, 1025-1030. [CrossRef]

Sun, Y.X,; Shao, C; Li, S.; Xu, K.; Huang, H.; Xu, Z.]. The clinical analysis of chronic obstructive pulmonary disease patients
complicated with nontuberculous mycobacterial pulmonary disease. Zhonghua Jie He He Hu Xi Za Zhi 2019, 42, 826-831. [CrossRef]
Daley, C.L.; laccarino, ].M.; Lange, C.; Cambau, E.; Wallace, R.J.; Andrejak, C.; Bottger, E.C.; Brozek, J.; Griffith, D.E.; Guglielmetti,
L.; et al. Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official ATS/ERS/ESCMID/IDSA Clinical Practice
Guideline. Clin. Infect. Dis. 2020, 71, 905-913. [CrossRef] [PubMed]

Fiogbe, A.A,; Liistro, G.; Hoton, D.; Pieters, T. Mycobacterium avium tumoral infection mimicking a lung adenocarcinoma: A
potential diagnostic pitfall. Rev. Pneumol. Clin. 2016, 72, 147-151. [CrossRef]

Wyrostkiewicz, D.; Szturmowicz, M.; Bartoszuk, I.; Siemion-Szczesniak, I.; Jakubowska, L.; Augustynowicz-Kopec, E.; Kus, J.
Nontuberculous mycobacterial lung disease in a patient with COPD and bronchiectasis, with radiological signs of lung tumor.
Adv. Respir Med. 2018, 86, 17-22. [CrossRef] [PubMed]

Habib, S.; Rajdev, K.; Pervaiz, S.; Hasan Siddiqui, A.; Azam, M.; Chalhoub, M. Pulmonary Cavitary Disease Secondary to
Mycobacterium xenopi Complicated by Respiratory Failure. Cureus 2018, 10, e3512. [CrossRef] [PubMed]

Brode, S.K.; Ling, S.C.; Chapman, K.R. Alpha-1 antitrypsin deficiency: A commonly overlooked cause of lung disease. CMA]
2012, 184, 1365-1371. [CrossRef]

Taraseviciene-Stewart, L.; Voelkel, N.F. Molecular pathogenesis of emphysema. J. Clin. Investig. 2008, 118, 394—402. [CrossRef]
[PubMed]

Paudel, K.R.; Dharwal, V,; Patel, VK.; Galvao, I.; Wadhwa, R.; Malyla, V.; Shen, S.S.; Budden, K.F.,; Hansbro, N.G.; Vaughan, A.;
et al. Role of Lung Microbiome in Innate Immune Response Associated With Chronic Lung Diseases. Front. Med. 2020, 7, 554.
[CrossRef]

Riquelme, S.A.; Wong Fok Lung, T.; Prince, A. Pulmonary Pathogens Adapt to Immune Signaling Metabolites in the Airway:.
Front. Immunol 2020, 11, 385. [CrossRef]

Falk, J.A.; Minai, O.A.; Mosenifar, Z. Inhaled and systemic corticosteroids in chronic obstructive pulmonary disease. Proc. Am.
Thorac. Soc. 2008, 5, 506-512. [CrossRef]

Liu, V.X,; Winthrop, K.L.; Lu, Y.; Sharifi, H.; Nasiri, H.U.; Ruoss, S.J. Association between Inhaled Corticosteroid Use and
Pulmonary Nontuberculous Mycobacterial Infection. Ann. Am. Thorac. Soc. 2018, 15, 1169-1176. [CrossRef]

Smoak, K.A.; Cidlowski, J.A. Mechanisms of glucocorticoid receptor signaling during inflammation. Mech. Ageing Dev. 2004, 125,
697-706. [CrossRef]

Scheinman, R.I.; Cogswell, P.C.; Lofquist, A.K.; Baldwin, A.S., Jr. Role of transcriptional activation of I kappa B alpha in mediation
of immunosuppression by glucocorticoids. Science 1995, 270, 283-286. [CrossRef]

Ayroldi, E.; Riccardi, C. Glucocorticoid-induced leucine zipper (GILZ): A new important mediator of glucocorticoid action.
FASEB . 2009, 23, 3649-3658. [CrossRef]

Coutinho, A.E.; Chapman, K.E. The anti-inflammatory and immunosuppressive effects of glucocorticoids, recent developments
and mechanistic insights. Mol. Cell Endocrinol. 2011, 335, 2-13. [CrossRef]

Reynaud, Q.; Bricca, R.; Cavalli, Z.; Nove-Josserand, R.; Durupt, S.; Reix, P.; Burgel, PR.; Durieu, I. Risk factors for nontuberculous
mycobacterial isolation in patients with cystic fibrosis: A meta-analysis. Pediatr. Pulmonol. 2020, 55, 2653-2661. [CrossRef]
Fernandez Fernandez, E.; De Santi, C.; De Rose, V.; Greene, C.M. CFTR dysfunction in cystic fibrosis and chronic obstructive
pulmonary disease. Expert Rev. Respir. Med. 2018, 12, 483—492. [CrossRef]

Robinson, B.; Munjal, S.; D’Agostino, J.; Venketaraman, V. Liposomal-Glutathione as a Potential Therapeutic Agent to Control
HIV-1 Infection and Tuberculosis. Eur. Med. ]. 2018, 3, 62—69.

King, E.M.; Weaver, VK; Kestler, M.H. Treatment Dilemmas in Disseminated Nontuberculous Mycobacterial Infections With
Interferon-gamma Autoantibodies. Open Forum Infect. Dis. 2021, 8, ofab253. [CrossRef] [PubMed]

Dotta, L.; Vairo, D.; Giacomelli, M.; Moratto, D.; Tamassia, N.; Vermi, W.; Lonardi, S.; Casanova, J.L.; Bustamante, J.; Giliani, S.;
et al. Transient Decrease of Circulating and Tissular Dendritic Cells in Patients With Mycobacterial Disease and with Partial
Dominant IFNgammaR1 Deficiency. Front. Immunol. 2020, 11, 1161. [CrossRef] [PubMed]

Middleton, A.M.; Chadwick, M.V.; Nicholson, A.G.; Wilson, R.; Thornton, D.].; Kirkham, S.; Sheehan, ].K. Interaction between
mycobacteria and mucus on a human respiratory tissue organ culture model with an air interface. Exp. Lung Res. 2004, 30, 17-29.
[CrossRef]

Balavoine, C.; Andrejak, C.; Marchand-Adam, S.; Blanc, F.X. Relationships between COPD and nontuberculous mycobacteria
pulmonary infections. Rev. Mal. Respir. 2017, 34, 1091-1097. [CrossRef] [PubMed]

Secott, T.E.; Lin, T.L.; Wu, C.C. Fibronectin attachment protein is necessary for efficient attachment and invasion of epithelial cells
by Mycobacterium avium subsp. paratuberculosis. Infect. Immun. 2002, 70, 2670-2675. [CrossRef]


http://doi.org/10.1590/s1806-37562017000000213
http://www.ncbi.nlm.nih.gov/pubmed/29791549
http://doi.org/10.1016/j.resinv.2020.06.005
http://doi.org/10.1183/09031936.00116808
http://doi.org/10.3760/cma.j.issn.1001-0939.2019.11.008
http://doi.org/10.1093/cid/ciaa1125
http://www.ncbi.nlm.nih.gov/pubmed/32797222
http://doi.org/10.1016/j.pneumo.2015.08.003
http://doi.org/10.5603/ARM.2018.0005
http://www.ncbi.nlm.nih.gov/pubmed/29490418
http://doi.org/10.7759/cureus.3512
http://www.ncbi.nlm.nih.gov/pubmed/30648049
http://doi.org/10.1503/cmaj.111749
http://doi.org/10.1172/JCI31811
http://www.ncbi.nlm.nih.gov/pubmed/18246188
http://doi.org/10.3389/fmed.2020.00554
http://doi.org/10.3389/fimmu.2020.00385
http://doi.org/10.1513/pats.200707-096ET
http://doi.org/10.1513/AnnalsATS.201804-245OC
http://doi.org/10.1016/j.mad.2004.06.010
http://doi.org/10.1126/science.270.5234.283
http://doi.org/10.1096/fj.09-134684
http://doi.org/10.1016/j.mce.2010.04.005
http://doi.org/10.1002/ppul.24913
http://doi.org/10.1080/17476348.2018.1475235
http://doi.org/10.1093/ofid/ofab253
http://www.ncbi.nlm.nih.gov/pubmed/34250191
http://doi.org/10.3389/fimmu.2020.01161
http://www.ncbi.nlm.nih.gov/pubmed/32676075
http://doi.org/10.1080/01902140490252876
http://doi.org/10.1016/j.rmr.2017.09.004
http://www.ncbi.nlm.nih.gov/pubmed/29150178
http://doi.org/10.1128/IAI.70.5.2670-2675.2002

Clin. Pract. 2021, 11 630

44. Hojo, M,; Iikura, M.; Hirano, S.; Sugiyama, H.; Kobayashi, N.; Kudo, K. Increased risk of nontuberculous mycobacterial infection
in asthmatic patients using long-term inhaled corticosteroid therapy. Respirology 2012, 17, 185-190. [CrossRef]

45. Kirkham, P.A.; Barnes, P.J. Oxidative stress in COPD. Chest 2013, 144, 266-273. [CrossRef] [PubMed]

46. Park, T.Y.; Chong, S.; Jung, ].W.; Park, LW.; Choi, BW.,; Lim, C.; Lee, C.U.; Kim, Y.S.; Choi, H-W.; Choi, ].C. Natural course of the
nodular bronchiectatic form of Mycobacterium avium complex lung disease: Long-term radiologic change without treatment. PLoS
ONE 2017, 12, e0185774. [CrossRef]


http://doi.org/10.1111/j.1440-1843.2011.02076.x
http://doi.org/10.1378/chest.12-2664
http://www.ncbi.nlm.nih.gov/pubmed/23880677
http://doi.org/10.1371/journal.pone.0185774

	Introduction 
	Materials and Methods 
	Results/Discussion 
	Pathogenesis of Mycobacterium avium Complex (MAC) 
	Prevalence of Mycobacterium avium Complex (MAC) 
	MAC Assessment Toola and Clinical Diagnosis of Mycobacterium avium Complex(MAC) Infection 
	Treatment of Mycobacterium avium Complex (MAC) Infection 
	Pathogenesis of Chronic Obstructive Pulmonary Disease (COPD) 
	Immunosuppressant Effects of Steroids in COPD Patients 
	Redox Imbalance in COPD Patients 
	Glutathione Deficiency in COPD and MAC Infected Patients 
	Increased Susceptibility for MAC Infections among COPD Patients 
	Immune Alterations Due to MAC 
	Parallels between HIV-Aids Patient’s Systemic Immunosuppression and COPD Induced Localized Immunosuppression 

	Conclusions 
	References

