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Abstract: Chronic pulmonary aspergillosis (CPA) following nontuberculous mycobacterial (NTM)
lung disease is being increasingly recognized, especially in countries where tuberculosis is not
endemic, with an incidence rate of 3.9–16.7%. NTM lung disease has been identified as a predictor of
mortality in CPA patients. The major risk factors for NTM-associated CPA include fibrocavitary NTM
lung disease, the presence of pulmonary emphysema, and high-dose corticosteroid use. The onset of
CPA is 1.5–7 years following the diagnosis of NTM lung disease. The diagnosis can be made using
standard criteria; however, serological diagnosis using Aspergillus precipitin has demonstrated a
higher sensitivity and specificity when compared with fungal culture from respiratory specimens.
Treatment is challenging since rifampicin and oral triazoles should not be used concomitantly.
The prognosis is poor, and the factors associated with worse prognosis are corticosteroid use and
high C-reactive protein level.

Keywords: aspergillosis; non-tuberculous mycobacteria; Aspergillus; pulmonary infection;
fungal infection

1. Introduction

Chronic pulmonary aspergillosis (CPA) is a slowly progressive pulmonary infection that is caused
by Aspergillus species, and which results in destruction of lung parenchyma [1]. This disease entity
is a semi-invasive form of pulmonary aspergillosis that is classified into the following three forms:
chronic cavitary pulmonary aspergillosis, chronic fibrosing pulmonary aspergillosis, and subacute
invasive pulmonary aspergillosis (formerly chronic necrotizing pulmonary aspergillosis) [2]. CPA can
be complicated in patients with various immunocompromising conditions, and in those with structural
lung diseases [3]. It is also one of the most common complications following treatment of pulmonary
tuberculosis (TB) [4,5]. The prevalence rate of CPA following TB was reported to range from 6–22% [6,7].
Among all patients diagnosed with CPA, TB was identified as the most common pre-existing lung
condition (17–93%) [8,9]. In contrast, an association between pulmonary nontuberculous mycobacterial
(NTM) infections and CPA has not been well demonstrated. Despite the fact that a number of NTMs
can cause chronic pulmonary diseases that result in lung destruction [10], cases that developed CPA
after NTM were traditionally only rarely reported. The diagnosis of this condition was often delayed,
and management was a challenge due to drug–drug interaction, which resulted in worse prognosis.
In this review, we highlight the importance of NTM as one of the emerging risk factors for CPA.
The epidemiology, pathogenesis, risk factors, clinical manifestations, management, and prognosis are
also discussed in detail.
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2. Epidemiology

The incidence of CPA following NTM lung diseases varied from study to study, with a reported
incidence of 3.9–16.7% [11,12]. However, this range of incidence may be an underestimate, due to
the uncertain diagnosis of NTM lung diseases. In TB-endemic countries, up to 93% of patients with
CPA were diagnosed in association with pre-existing pulmonary tuberculosis [8,13,14]. However,
in countries with a lower incidence of TB, such as the United Kingdom, pulmonary NTM was identified
as the second leading cause of CPA (14.9%) following pulmonary tuberculosis (15.3%) [9].

An association between NTM and Aspergillus is being increasingly recognized, as evidenced by the
growing number of case series and multiple case reports [15–18]. Since 1985, multiple case series of CPA
following pulmonary NTM infection have been described, and this has increased interest in the possible
association between these two common diseases. To illustrate this, Bollert and colleagues reported
three patients who suffered from chronic obstructive pulmonary disease (COPD) and Mycobacterium
malmoense lung infection [16]. They all had superimposed Aspergillus infection after NTM lung disease,
which led to CPA, lung destruction, and death. Maliwan and colleagues reported 263 patients who
had been diagnosed with Mycobacterium kansasii pulmonary infection [15]. They found seven patients
(2.7%) who developed CPA with an onset of 2–10 years after NTM infection. The mortality rate among
those seven patients was 71%. Johnston and colleagues reported 11 patients with Mycobacterium xenopi
lung infection, and eight of them were subsequently diagnosed with pulmonary aspergilloma at
1–4 years after diagnosis of NTM lung disease [17].

Kunst and colleagues reported the first study to confirm NTM infection as one of the significant
risk factors for CPA. They performed a case-control study that compared 31 patients with underlying
bronchiectasis who had NTM infections with 61 non-NTM patients as a control group [19]. The most
common NTM species isolated in that study was Mycobacterium avium complex (MAC), followed by
Mycobacterium kansasii. The rate of Aspergillus serology positivity was higher in those with NTM
infections (33.3%) than in controls (9.8%). In addition, six patients with NTM infection demonstrated
radiological features suggestive of Aspergillus-related lung diseases, whereas those features were not
presented in any of the control group patients. Their multivariate analysis revealed NTM to be an
independent risk factor for CPA in bronchiectasis patients (odds ratio (OR): 5.1, 95% confidence interval
(CI): 1.5–17).

3. Pathogenesis

The causative relationship between NTM and Aspergillus lung infection is not sufficiently well
understood. However, many hypotheses have been proposed to explain the association between these
two pathogens. NTM-infected patients usually receive long-term broad-spectrum antibiotics that
increase the risk of fungal colonization due to selective pressure. This may eventually lead to Aspergillus
lung infection, especially in those with underlying structural lung diseases. Furthermore, NTM lung
disease is commonly diagnosed in immunocompromised patients, especially those with chronic lung
diseases, and in patients who concomitantly received immunosuppressive agents, which increases
susceptibility to Aspergillus infections [20]. A percentage of patients may develop NTM infection
following treatment of tuberculosis [21,22], and tuberculosis itself increases the risk of Aspergillus
infection. Moreover, NTM lung disease results in destructive lung lesions, including lung cavitation,
that leads to an increasing incidence of CPA [21,22].

4. Risk Factors

Risk factors for CPA following NTM diseases were reported by some single-center retrospective
studies. A retrospective study from Japan that included 82 patients with NTM pulmonary diseases
reported nine patients (11%) with CPA complicating NTM infection [23], while cavitary NTM infection
(OR: 3.49, 95% CI: 1.48–9.24) and steroid use (OR: 2.75, 95% CI: 1.05–7.20) were the independent risk
factors for the development of CPA. The limitation of that study was its relatively small sample size.
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In addition, four out of nine patients had coexisting CPA and NTM lung infection. As a result, one
could argue that these two factors could be predictors of NTM-Aspergillus coinfection, rather than
predictors of CPA following NTM lung diseases.

However, these predictors were confirmed by Jhun and colleagues in 2017 [24]. They performed a
larger retrospective study in South Korea that investigated risk factors for CPA in patients with NTM
lung diseases, and included 566 patients with NTM lung infection. The most common NTM species in
that study was MAC (65.9%), followed by M. abscessus complex (20.1%). Among all cases, 41 patients
(7.2%) developed CPA following NTM infection, with a median onset of 18 months. Multivariate
analysis showed systemic corticosteroid use to be the strongest predictor of CPA (OR: 15, 95% CI:
4.74–47.43), followed by fibrocavitary NTM disease (OR: 7.93, 95% CI: 3.24–19.41). Other predictors
identified in that study included old age, male gender, low body mass index (BMI < 18.5 kg/m2),
pulmonary emphysema, and M. abscessus complex infection.

Furuuchi and colleagues retrospectively investigated risk factors for CPA in patients with
MAC lung disease [24]. That study found multiple independent risk factors, including pulmonary
emphysema, baseline steroid use, serum albumin level <3.5 g/dL, and the presence of cavitary lesions.
Patients having more than one risk factor were more likely to develop pulmonary aspergillosis, with a
5-year incidence rate of 31%, compared to 2.2% incidence in patients who had zero to one risk factors.

Shirai and colleagues studied the clinical significance of Aspergillus precipitating antibody in
patients with pulmonary MAC disease. Subsequent CPA was commonly observed in patients who had
positive antibody at the time of NTM diagnosis (60% vs. 10.8%, p < 0.001). This finding may suggest
previous fungal colonization as one of the important risk factors for CPA following NTM lung disease.
Of note, positive antibody patients had significantly higher frequencies of pulmonary emphysema
(60% vs. 13.5%, p < 0.001) [25].

In summary, the strongest predictors of CPA following pulmonary NTM disease are fibrocavitary
NTM lesions, high-dose steroid use, and the presence of pulmonary emphysema [23,24,26].
Patients with fibrocavitary NTM lung disease are more likely to develop CPA than patients with
nodular bronchiectasis. This finding was also observed in patients with tuberculosis, whereas CPA
was significantly more common in patients who had residual TB cavitation [5]. This can easily be
explained by the fact that Aspergillus colonization is more prevalent in patients who have pre-existing
chronic lung cavities. Prednisolone equivalent dosage of 10 mg/day, or a cumulative dose of more than
700 mg of oral prednisolone, was the corticosteroid dosage significantly associated with CPA from
the aforementioned studies [23]. Long-term inhaled corticosteroid use is also a potential risk factor.
Corticosteroids impair multiple host immune systems, including innate (phagocyte) and adaptive
(lymphocyte) immunity [27], which leads to an inability to kill fungi. Corticosteroids also increase
Aspergillus colonization and the growth of Aspergillus hyphae [27–29].

5. NTM Species and Risk of CPA

The association between different NTM species and incidence of CPA has not been fully elucidated.
Most studies have reported MAC as the most common NTM species that causes CPA [24,30,31].
Nevertheless, no study has conclusively demonstrated MAC as the main predictor of Aspergillus
infection, compared with other NTM species. The reported predominance of MAC infection preceding
CPA may be explained by two reasons. First, most studies were performed in Japan where MAC is
the most common causative agent in NTM lung diseases [32]. Second, MAC is the most common
NTM species that causes fibrocavitary NTM lung disease. Since we know that fibrocavitary lesion is
strongly associated with CPA, it could indirectly result in an increased incidence of CPA following
MAC lung disease.

In contrast, M. abscessus was the only NTM species found to be strongly associated with CPA.
Jhun et al. reported M. abscessus complex to be an independent predictor of CPA [26], whereas MAC
did not significantly increase the risk. Infections with M. abscessus subsp. abscessus (OR: 5.12, 95% CI:
1.66–15.78) or M. abscessus subsp. masilliense (OR: 5.53, 95% CI: 1.94–15.78), the two species within
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the M. abscessus complex, increased the risk of CPA. Of note, the incidence of CPA was much higher
in patients with M. abscessus complex lung infection than in those with pulmonary MAC disease
(14.9% vs. 5.1%). The authors observed that the patients who suffered from M. abscessus complex lung
infection usually did not respond well to anti-mycobacterial therapy, and required a longer course of
antimicrobial treatment. Therefore, patients who had M. abscessus infection may have undergone CPA
testing more frequently than those who had MAC lung disease. The association between M. abscessus
and Aspergillus lung infection is important because M. abscessus is becoming more prevalent in many
countries, and is the most common etiology of pulmonary NTM diseases in Southeast Asia, and the
second most common etiology in East Asian people [33–36]. Therefore, further studies are urgently
needed to investigate whether M. abscessus infection increases the risk of Aspergillus-related lung
diseases, and to improve our understanding of how to manage this syndrome.

6. Clinical Manifestation and Diagnosis

The onset of CPA disease is 1.5–7 years after NTM lung infection [12,23,24,30], which is quite similar
to the natural history of CPA following TB disease [7]. A diagnosis of CPA following pulmonary NTM
infection can be made using the general CPA diagnostic guidelines, which require a combination of
clinical characteristics, a consistent appearance in thoracic tomography, direct evidence of Aspergillus
infection or immunological response to Aspergillus spp., and exclusion of alternative diagnoses.
The common symptoms reported in the literature were fever and weight loss [30]. Hemoptysis was
observed in few patients. Since the clinical manifestations of the two diseases are indistinguishable,
the microbiological and radiological findings play an important role in making the final diagnosis.

Common radiological findings that increase the possibility of CPA in NTM-infected patients include
thickening of pre-existing lung cavities, the presence of a fungal ball, and infiltration surrounding the
cavities [30]. To better illustrate this, Figure 1 shows the chest imaging of a patient who was diagnosed
with CPA following pulmonary NTM disease caused by M. avium.J. Fungi 2020, 6, x FOR PEER REVIEW 5 of 10 
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so co-administration of rifamycin and itraconazole, or voriconazole, would lead to a significantly 
lower level of the antifungal, which would result in treatment failure [39]. Although a novel triazole 
(isavuconazole) has been approved for treatment of invasive aspergillosis, data in CPA is still limited, 
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Figure 1. Chest imaging of a 37-year-old man diagnosed with chronic pulmonary aspergillosis following
pulmonary Mycobacterium avium infection. (A) Chest radiograph showed cavitary lesion at right upper
lobe (pulmonary Mycobacterium avium infection). (B) Chest radiograph 1 year later showed thickening
of pre-existing cavities, with pericavitary infiltration (chronic pulmonary aspergillosis). (C) Computed
tomography of the chest showed a fungal ball in the pre-existing cavity.

Concerning the microbiological diagnosis, the sensitivity of serology (Aspergillus precipitin) seems
to be better than fungal culture from respiratory specimens (80% vs. 50% in one study) [24]. Moreover,
culture positivity of Aspergillus species in patients with pulmonary NTM does not always indicate
CPA. There was a high rate of Aspergillus positive cultures concomitant with positive mycobacterial
cultures (35.7% in one study) [37]. Aspergillus was more commonly concomitantly detected with NTM
infection than with TB (42.9% vs. 25%).

Furuuchi and colleagues performed a retrospective study in 329 patients with pulmonary MAC,
with a median follow-up of 3.7 years [31]. Forty patients (12.2%) were culture positive for Aspergillus
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spp.; however, only nine of those 40 patients (22.5%) were diagnosed with CPA. Aspergillus fumigatus
was the most common etiologic agent of CPA (5/8, 62.5%) when compared with other Aspergillus species
(4/32, 12.5%). Of note, Aspergillus niger was often identified as a common colonizer in NTM-infected
patients. This may be explained by the fact that A. fumigatus has smaller fungal conidia, which can more
easily penetrate to the alveoli and cause lung disease [38]. Therefore, diagnosis of CPA in NTM-infected
patients who had positive fungal cultures for non-fumigatus Aspergillus spp., without other supporting
evidence, should be made with caution.

7. Treatment

Treatment of CPA following NTM lung disease remains challenging. Treatment is similar to that of
treatment for CPA in general, and the antifungals of choice are oral mold-active triazoles (itraconazole
or voriconazole) for a minimum duration of 4–6 months [3]. Treatment of CPA following NTM lung
diseases was more challenging compared with CPA following pulmonary TB, since most patients
were still on antimycobacterial therapy. This led to drug–drug interaction between oral triazoles and
antimycobacterial agents. Most patients had pulmonary MAC infection, which required rifamycin
(rifampicin or rifabutin) treatment. Rifamycin is a strong CYP3A4 inducer, so co-administration
of rifamycin and itraconazole, or voriconazole, would lead to a significantly lower level of the
antifungal, which would result in treatment failure [39]. Although a novel triazole (isavuconazole)
has been approved for treatment of invasive aspergillosis, data in CPA is still limited, and the
challenge of drug–drug interaction between isavuconazole and rifamycin still exists. Posaconazole and
amphotericin B can be used as a third-line treatment for CPA, with less interaction with rifamycin [40].
Although rifampicin may reduce the blood level of posaconazole, it may be used with caution if
there is no other antifungal agent available. Amphotericin B is not practical for long-term use in this
setting, due to significant nephrotoxicity. Echinocandins (micafungin and caspofungin) can be used
as alternative agents due to less significant drug–drug interaction and less toxicity [41,42]. However,
their use may be limited by the availability of only intravenous preparation. There are novel antifungal
agents under development that have activity against Aspergillus spp., with less CYP450 drug interaction,
that may be able to be used together with rifamycin for treatment of CPA; however, these are future
antifungals and more data is required [43].

Therapeutic drug monitoring (TDM) may have a role in patients who are prescribed rifampicin
co-administered with a triazole. Using TDM, Moon and colleagues studied the effect of rifamycin
(rifampicin or rifabutin) and itraconazole co-administration in 66 patients who had CPA following
NTM lung disease [44]. The itraconazole serum concentration was significantly lower in patients
receiving rifampicin or rifabutin. However, there were no significant differences in serum itraconazole
concentrations between the patients treated with itraconazole and rifampicin, and those treated with
itraconazole and rifabutin. They concluded that concomitant use of rifampicin or rifabutin and
itraconazole should be avoided in patients with CPA and coexisting NTM lung disease.

Since novel regimens without rifampicin have been used successfully for NTM lung diseases
caused by different NTM species, we suggest that rifampicin should be avoided in this situation. In the
case of pulmonary NTM diseases in which rifampicin is one of the drugs in the standard regimen
(e.g., MAC, M. kansasii), alternative agents of anti-mycobacterial regimen should be selected, based on the
recommended guideline for pulmonary NTM disease [45,46]. For example, in patients with pulmonary
MAC or M. kansasii disease, rifampicin could be substituted with fluoroquinolones (e.g., moxifloxacin).
However, in cases where rifampicin cannot be discontinued, intravenous echinocandins should be
considered. High-dose oral posaconazole with TDM may also be considered for long-term therapy.
Figure 2 demonstrates a proposed practical algorithm for the diagnosis and management of CPA
following NTM disease.
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   NTM lung diseases 

                 Evaluate risk factors for CPA following NTM lung diseases (a) 

 Fibrocavitary NTM diseases 

 Prednisolone ≥10 mg/day ≥ 3 weeks 

 Pulmonary emphysema 

Low risk: 0-1 risk factors High risk: ≥ 2 risk factors 

CXR or CT chest every year  

x 3 years (b), Aspergillus precipitin Ab  

only when indicated 

CXR or CT chest every year  

x 3 years (b), Aspergillus precipitin Ab  

every year                                                                                                                                                                           

        Diagnosis of CPA following NTM lung disease (both 1 and 2) 

1. Any abnormal finding(s) on CXR or CT 

 Thickening of preexisting NTM cavity 

 Increased infiltration or fibrosis around the cavity 

 Presence of fungal ball 

2. Positive Aspergillus precipitin Ab 

Still need anti-NTM treatment? 

No Yes, with rifampicin 

 

Yes, without rifampicin 

 

Itraconazole or voriconazole (c) 

Change rifampicin to  

another agent if possible (c, d) 

 

Caspofungin or micafungin or high-dose posaconazole (with therapeutic drug monitoring) 

Figure 2. Proposed algorithm for diagnosis and treatment of CPA following NTM lung diseases. (a) The
strongest risk factors were selected based on previous studies. (b) Three years were recommended based
on previous data that most cases of CPA occurred within 3 years after NTM diagnosis. (c) Triazoles
should be started 2 weeks after rifampicin discontinuation. (d) Rifampicin should be discontinued
to avoid drug interaction if possible, since prognosis relies on CPA rather than NTM lung diseases.
Abbreviations: NTM, non-tuberculous mycobacteria; CPA, chronic pulmonary aspergillosis; CXR,
chest X-ray; CT, computed tomography.

8. Prognosis

The outcome of NTM-associated CPA is usually poor [16,47]. NTM-infected patients with CPA
had a poorer prognosis when compared with NTM-infected patients without evidence of aspergillosis.
CPA has been demonstrated as a predictor of mortality in patients with NTM lung disease. Zoumot and
colleagues studied MAC infection in non-cystic fibrosis bronchiectatic patients [11], and compared the
clinical characteristics between survivors and non-survivors. CPA was significantly more common in
non-survivor patients compared to survivors (87.5% vs. 12.5%, respectively; p < 0.001). Fukushima
and colleagues retrospectively studied long-term outcomes of MAC lung disease, and reported CPA to
be an independent risk factor for mortality (OR: 8.552, 95% CI: 1.335–54.77) [48]. Takeda and colleagues
compared the one-year mortality rate between NTM-infected patients with and without CPA [23],
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and mortality was found to be significantly higher in patients who had CPA as a complication (22.2%
vs. 1.4%, respectively; p = 0.031). Of note, the most common cause of death was chronic respiratory
failure. The same study also compared mortality between patients who had CPA from any cause and
patients who had CPA following NTM lung disease. The mortality rate did not differ between groups
(15.6% all CPA vs. 22.2% CPA following NTM, respectively). This finding differed from that from
a study by Lowes and colleagues, which identified pre-existing NTM lung disease as an important
predictor of high mortality in patients with CPA (hazard ratio [HR]: 2.07, 95% CI: 1.22–3.52) [49].

A retrospective study performed in Japan reported systemic corticosteroid use (HR: 3.32, 95% CI:
1.23–9.51) and C-reactive protein levels more than 5 mg/dL (HR: 8.96, 95% CI: 2.15–62.9) as the factors
independently associated with high overall mortality in patients who had CPA following NTM lung
infection [50]. In addition to corticosteroid use increasing the risk of CPA following NTM lung disease,
it also increased the overall mortality rate. Therefore, corticosteroid use in NTM patients should be
avoided or tapered to the lowest possible dose.

When comparing the prognosis of CPA following pulmonary TB, with the prognosis of CPA
following NTM diseases, the prognosis was poorer in NTM patients. The two-year survival
rates were reported to be 83% and 62% in CPA patients who had pre-existing TB and NTM,
respectively [49]. The higher mortality rate may be explained by the immunocompromised status of,
and the immunosuppressive agent used in, the CPA following NTM group. In addition, drug–drug
interaction with rifampicin was commonly noticed in NTM patients, since most patients were still on
anti-mycobacterial agents. Table 1 compares various factors between CPA following pulmonary TB,
and CPA following pulmonary NTM disease.

Table 1. Comparison between CPA following pulmonary TB, and CPA following NTM lung disease
[5–7,11,12,23,24,26,37,49].

Parameter CPA Following Pulmonary
TB CPA Following NTM Lung Disease

Incidence Higher Lower
Host Mostly immunocompetent Immunocompetent and immunocompromised

Risk factors Residual cavitation
Fibrocavitary disease

Prednisolone ≥ 10 mg/day ≥ 3 weeks
Pulmonary emphysema

Microbiological
diagnosis

Aspergillus precipitin or
fungal culture

Aspergillus precipitin is preferred
Fungal culture had lower specificity due to

Aspergillus colonization

Treatment

Drug interaction is less
concerning

since most CPA cases occurred
after anti-mycobacterial agent

discontinuation

Drug interaction is of more concern
since most CPA cases occurred

while receiving anti-mycobacterial agents

Prognosis Better Poorer

Abbreviations: CPA, chronic pulmonary aspergillosis; TB, tuberculosis; NTM, non-tuberculous mycobacteria.

9. Conclusions

CPA following NTM lung disease is an emerging infectious pulmonary disease that is associated
with a higher mortality rate. Patients with fibrocavitary disease are at highest risk. Corticosteroid
use is the strong predictor of CPA in NTM-infected patients, and is also associated with an
unfavorable prognosis. Early diagnosis via Aspergillus precipitin antibody screening is recommended
in high-risk-group patients. Rifampicin should be avoided, if possible, since the prognosis relied on
CPA rather than NTM disease.
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10. Future Research

This review summarizes various aspects of CPA following NTM disease based on all existing
data reported in the literature. However, most studies were single-center and retrospective in nature.
Previous studies focused only on epidemiology, risk factors, and prognosis. Since diagnosis of
CPA following NTM disease is usually delayed, and effective treatment has not been well defined,
further prospective or controlled studies focused on diagnostic methods and treatment strategies are
needed to help clinicians improve the management of this complex disease.

Author Contributions: P.P.: conceptualization, writing—original draft preparation, M.C.: conceptualization,
writing—review and editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We would like to thank Phakphoom Thiravit from Department of Radiology, Faculty of
Medicine Siriraj Hospital, Mahidol University, for providing chest imagings.

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

References

1. Kosmidis, C.; Newton, P.; Muldoon, E.G.; Denning, D.W. Chronic fibrosing pulmonary aspergillosis: A cause
of ‘destroyed lung’ syndrome. Infect. Dis. (Lond.) 2017, 49, 296–301. [CrossRef] [PubMed]

2. Hayes, G.E.; Novak-Frazer, L. Chronic Pulmonary Aspergillosis-Where Are We? and Where Are We Going?
J. Fungi 2016, 2, 18. [CrossRef] [PubMed]

3. Denning, D.W.; Cadranel, J.; Beigelman-Aubry, C.; Ader, F.; Chakrabarti, A.; Blot, S. Chronic pulmonary
aspergillosis: Rationale and clinical guidelines for diagnosis and management. Eur. Respir. J. 2016, 47, 45–68.
[CrossRef] [PubMed]

4. Denning, D.W.; Pleuvry, A.; Cole, D.C. Global burden of chronic pulmonary aspergillosis as a sequel to
pulmonary tuberculosis. Bull. World Health Organ. 2011, 89, 864–872. [CrossRef]

5. Page, I.D.; Byanyima, R.; Hosmane, S.; Onyachi, N.; Opira, C.; Richardson, M. Chronic pulmonary
aspergillosis commonly complicates treated pulmonary tuberculosis with residual cavitation. Eur. Respir. J.
2019, 53, 1801184. [CrossRef]

6. Hedayati, M.T.; Azimi, Y.; Droudinia, A.; Mousavi, B.; Khalilian, A.; Hedayati, N. Prevalence of chronic
pulmonary aspergillosis in patients with tuberculosis from Iran. Eur. J. Clin. Microbiol. Infect. Dis. 2015,
34, 1759–1765. [CrossRef]

7. Bongomin, F. Post-tuberculosis chronic pulmonary aspergillosis: An emerging public health concern.
PLoS Pathog. 2020, 16, e1008742. [CrossRef]

8. Nam, H.S.; Jeon, K.; Um, S.W.; Suh, G.Y.; Chung, M.P.; Kim, H. Clinical characteristics and treatment
outcomes of chronic necrotizing pulmonary aspergillosis: A review of 43 cases. Int. J. Infect. Dis. 2010,
14, e479–e482. [CrossRef]

9. Smith, N.L.; Denning, D.W. Underlying conditions in chronic pulmonary aspergillosis including simple
aspergilloma. Eur. Respir. J. 2011, 37, 865–872. [CrossRef]

10. Ratnatunga, C.N.; Lutzky, V.P.; Kupz, A.; Doolan, D.L.; Reid, D.W.; Field, M. The Rise of Non-Tuberculosis
Mycobacterial Lung Disease. Front Immunol. 2020, 11, 303. [CrossRef]

11. Zoumot, Z.; Boutou, A.K.; Gill, S.S.; van Zeller, M.; Hansell, D.M.; Wells, A.U. Mycobacterium avium complex
infection in non-cystic fibrosis bronchiectasis. Respirology 2014, 19, 714–722. [CrossRef] [PubMed]

12. Ishikawa, S.; Yano, S.; Kadowaki, T.; Wakabayashi, K.; Kimura, M.; Kobayashi, K. [Clinical analysis of
non-tuberculous mycobacteriosis cases complicated with pulmonary aspergillosis]. Kekkaku 2011, 86, 781–785.
[PubMed]

13. Chen, J.C.; Chang, Y.L.; Luh, S.P.; Lee, J.M.; Lee, Y.C. Surgical treatment for pulmonary aspergilloma:
A 28 year experience. Thorax 1997, 52, 810–813. [CrossRef] [PubMed]

14. Shah, R.; Vaideeswar, P.; Pandit, S.P. Pathology of pulmonary aspergillomas. Indian J. Pathol. Microbiol. 2008,
51, 342–345.

15. Maliwan, N.; Zvetina, J.R. Pulmonary mycetoma following Mycobacterium kansasii infection. Report of
seven cases. Arch. Intern. Med. 1985, 145, 2180–2183. [CrossRef]

http://dx.doi.org/10.1080/23744235.2016.1232861
http://www.ncbi.nlm.nih.gov/pubmed/27658458
http://dx.doi.org/10.3390/jof2020018
http://www.ncbi.nlm.nih.gov/pubmed/29376935
http://dx.doi.org/10.1183/13993003.00583-2015
http://www.ncbi.nlm.nih.gov/pubmed/26699723
http://dx.doi.org/10.2471/BLT.11.089441
http://dx.doi.org/10.1183/13993003.01184-2018
http://dx.doi.org/10.1007/s10096-015-2409-7
http://dx.doi.org/10.1371/journal.ppat.1008742
http://dx.doi.org/10.1016/j.ijid.2009.07.011
http://dx.doi.org/10.1183/09031936.00054810
http://dx.doi.org/10.3389/fimmu.2020.00303
http://dx.doi.org/10.1111/resp.12287
http://www.ncbi.nlm.nih.gov/pubmed/24690015
http://www.ncbi.nlm.nih.gov/pubmed/22111386
http://dx.doi.org/10.1136/thx.52.9.810
http://www.ncbi.nlm.nih.gov/pubmed/9371213
http://dx.doi.org/10.1001/archinte.1985.00360120048007


J. Fungi 2020, 6, 346 9 of 10

16. Bollert, F.G.; Sime, P.J.; MacNee, W.; Crompton, G.K. Pulmonary Mycobacterium malmoense and aspergillus
infection: A fatal combination? Thorax 1994, 49, 521–522. [CrossRef]

17. Johnston, I.D. Mycobacterium xenopi infection and aspergilloma. Tubercle 1988, 69, 139–143. [CrossRef]
18. Hafeez, I.; Muers, M.F.; Murphy, S.A.; Evans, E.G.; Barton, R.C.; McWhinney, P. Non-tuberculous

mycobacterial lung infection complicated by chronic necrotising pulmonary aspergillosis. Thorax 2000,
55, 717–719. [CrossRef]

19. Kunst, H.; Wickremasinghe, M.; Wells, A.; Wilson, R. Nontuberculous mycobacterial disease and
Aspergillus-related lung disease in bronchiectasis. Eur. Respir. J. 2006, 28, 352–357. [CrossRef]

20. Henkle, E.; Winthrop, K.L. Nontuberculous mycobacteria infections in immunosuppressed hosts.
Clin. Chest Med. 2015, 36, 91–99. [CrossRef]

21. Fowler, S.J.; French, J.; Screaton, N.J.; Foweraker, J.; Condliffe, A.; Haworth, C.S. Nontuberculous mycobacteria
in bronchiectasis: Prevalence and patient characteristics. Eur. Respir. J. 2006, 28, 1204–1210. [CrossRef]

22. Damaraju, D.; Jamieson, F.; Chedore, P.; Marras, T.K. Isolation of non-tuberculous mycobacteria among
patients with pulmonary tuberculosis in Ontario, Canada. Int. J. Tuberc. Lung. Dis. 2013, 17, 676–681.
[CrossRef] [PubMed]

23. Takeda, K.; Imamura, Y.; Takazono, T.; Yoshida, M.; Ide, S.; Hirano, K. The risk factors for developing
of chronic pulmonary aspergillosis in nontuberculous mycobacteria patients and clinical characteristics
and outcomes in chronic pulmonary aspergillosis patients coinfected with nontuberculous mycobacteria.
Med. Mycol. 2016, 54, 120–127. [CrossRef] [PubMed]

24. Furuuchi, K.; Ito, A.; Hashimoto, T.; Kumagai, S.; Ishida, T. Risk stratification for the development of chronic
pulmonary aspergillosis in patients with Mycobacterium avium complex lung disease. J. Infect. Chemother.
2018, 24, 654–659. [CrossRef] [PubMed]

25. Shirai, T.; Furuuchi, K.; Fujiwara, K.; Nakamoto, K.; Tanaka, Y.; Ishii, H. Impact of Aspergillus precipitating
antibody test results on clinical outcomes of patients with Mycobacterium avium complex lung disease.
Respir. Med. 2020, 166, 105955. [CrossRef] [PubMed]

26. Jhun, B.W.; Jung, W.J.; Hwang, N.Y.; Park, H.Y.; Jeon, K.; Kang, E.S. Risk factors for the development of
chronic pulmonary aspergillosis in patients with nontuberculous mycobacterial lung disease. PLoS ONE
2017, 12, e0188716. [CrossRef]

27. Lionakis, M.S.; Kontoyiannis, D.P. Glucocorticoids and invasive fungal infections. Lancet 2003, 362, 1828–1838.
[CrossRef]

28. Ng, T.T.; Robson, G.D.; Denning, D.W. Hydrocortisone-enhanced growth of Aspergillus spp.: Implications
for pathogenesis. Microbiology (Read.) 1994, 140 Pt 9, 2475–2479. [CrossRef]

29. Garnacho-Montero, J.; Amaya-Villar, R.; Ortiz-Leyba, C.; Leon, C.; Alvarez-Lerma, F.; Nolla-Salas, J. Isolation
of Aspergillus spp. from the respiratory tract in critically ill patients: Risk factors, clinical presentation and
outcome. Crit. Care 2005, 9, R191–R199. [CrossRef]

30. Kobashi, Y.; Fukuda, M.; Yoshida, K.; Miyashita, N.; Niki, Y.; Oka, M. Chronic necrotizing pulmonary
aspergillosis as a complication of pulmonary Mycobacterium avium complex disease. Respirology 2006,
11, 809–813. [CrossRef]

31. Furuuchi, K.; Ito, A.; Hashimoto, T.; Kumagai, S.; Ishida, T. Clinical significance of Aspergillus species
isolated from respiratory specimens in patients with Mycobacterium avium complex lung disease. Eur. J.
Clin. Microbiol. Infect. Dis. 2018, 37, 91–98. [CrossRef] [PubMed]

32. Namkoong, H.; Kurashima, A.; Morimoto, K.; Hoshino, Y.; Hasegawa, N.; Ato, M. Epidemiology of
Pulmonary Nontuberculous Mycobacterial Disease, Japan. Emerg. Infect. Dis. 2016, 22, 1116–1117. [CrossRef]
[PubMed]

33. Huang, H.L.; Cheng, M.H.; Lu, P.L.; Shu, C.C.; Wang, J.Y.; Wang, J.T. Epidemiology and Predictors of NTM
Pulmonary Infection in Taiwan-a Retrospective, Five-Year Multicenter Study. Sci. Rep. 2017, 7, 16300.
[CrossRef] [PubMed]

34. Furuuchi, K.; Morimoto, K.; Yoshiyama, T.; Tanaka, Y.; Fujiwara, K.; Okumura, M. Interrelational changes in
the epidemiology and clinical features of nontuberculous mycobacterial pulmonary disease and tuberculosis
in a referral hospital in Japan. Respir. Med. 2019, 152, 74–80. [CrossRef] [PubMed]

35. Lim, A.Y.H.; Chotirmall, S.H.; Fok, E.T.K.; Verma, A.; De, P.P.; Goh, S.K. Profiling non-tuberculous
mycobacteria in an Asian setting: Characteristics and clinical outcomes of hospitalized patients in Singapore.
BMC Pulm. Med. 2018, 18, 85. [CrossRef]

http://dx.doi.org/10.1136/thx.49.5.521
http://dx.doi.org/10.1016/0041-3879(88)90077-3
http://dx.doi.org/10.1136/thorax.55.8.717
http://dx.doi.org/10.1183/09031936.06.00139005
http://dx.doi.org/10.1016/j.ccm.2014.11.002
http://dx.doi.org/10.1183/09031936.06.00149805
http://dx.doi.org/10.5588/ijtld.12.0684
http://www.ncbi.nlm.nih.gov/pubmed/23575335
http://dx.doi.org/10.1093/mmy/myv093
http://www.ncbi.nlm.nih.gov/pubmed/26531100
http://dx.doi.org/10.1016/j.jiac.2018.04.002
http://www.ncbi.nlm.nih.gov/pubmed/29705392
http://dx.doi.org/10.1016/j.rmed.2020.105955
http://www.ncbi.nlm.nih.gov/pubmed/32321630
http://dx.doi.org/10.1371/journal.pone.0188716
http://dx.doi.org/10.1016/S0140-6736(03)14904-5
http://dx.doi.org/10.1099/13500872-140-9-2475
http://dx.doi.org/10.1186/cc3488
http://dx.doi.org/10.1111/j.1440-1843.2006.00952.x
http://dx.doi.org/10.1007/s10096-017-3105-6
http://www.ncbi.nlm.nih.gov/pubmed/28920166
http://dx.doi.org/10.3201/eid2206.151086
http://www.ncbi.nlm.nih.gov/pubmed/27191735
http://dx.doi.org/10.1038/s41598-017-16559-z
http://www.ncbi.nlm.nih.gov/pubmed/29176633
http://dx.doi.org/10.1016/j.rmed.2019.05.001
http://www.ncbi.nlm.nih.gov/pubmed/31128614
http://dx.doi.org/10.1186/s12890-018-0637-1


J. Fungi 2020, 6, 346 10 of 10

36. Phoompoung, P.; Ankasekwinai, N.; Pithukpakorn, M.; Foongladda, S.; Umrod, P.; Suktitipat, B.
Factors associated with acquired Anti IFN- gamma autoantibody in patients with nontuberculous
mycobacterial infection. PLoS ONE 2017, 12, e0176342. [CrossRef]

37. Delliere, S.; Angebault, C.; Fihman, V.; Foulet, F.; Lepeule, R.; Maitre, B. Concomitant Presence of Aspergillus
Species and Mycobacterium Species in the Respiratory Tract of Patients: Underestimated Co-occurrence?
Front Microbiol. 2019, 10, 2980. [CrossRef]

38. Dagenais, T.R.; Keller, N.P. Pathogenesis of Aspergillus fumigatus in Invasive Aspergillosis.
Clin. Microbiol. Rev. 2009, 22, 447–465. [CrossRef]

39. Drayton, J.; Dickinson, G.; Rinaldi, M.G. Coadministration of rifampin and itraconazole leads to undetectable
levels of serum itraconazole. Clin. Infect. Dis. 1994, 18, 266. [CrossRef]

40. Maghrabi, F.; Denning, D.W. The Management of Chronic Pulmonary Aspergillosis: The UK National
Aspergillosis Centre Approach. Curr. Fungal Infect. Rep. 2017, 11, 242–251. [CrossRef]

41. Kohno, S.; Izumikawa, K.; Ogawa, K.; Kurashima, A.; Okimoto, N.; Amitani, R. Intravenous micafungin
versus voriconazole for chronic pulmonary aspergillosis: A multicenter trial in Japan. J. Infect. 2010,
61, 410–418. [CrossRef]

42. Kohno, S.; Izumikawa, K.; Yoshida, M.; Takesue, Y.; Oka, S.; Kamei, K. A double-blind comparative study of
the safety and efficacy of caspofungin versus micafungin in the treatment of candidiasis and aspergillosis.
Eur. J. Clin. Microbiol. Infect. Dis. 2013, 32, 387–397. [CrossRef]

43. Gintjee, T.J.; Donnelley, M.A.; Thompson, G.R., 3rd. Aspiring Antifungals: Review of Current Antifungal
Pipeline Developments. J. Fungi 2020, 6, 28. [CrossRef]

44. Moon, S.M.; Park, H.Y.; Jeong, B.H.; Jeon, K.; Lee, S.Y.; Koh, W.J. Effect of rifampin and rifabutin on
serum itraconazole levels in patients with chronic pulmonary aspergillosis and coexisting nontuberculous
mycobacterial infection. Antimicrob. Agents Chemother. 2015, 59, 663–665. [CrossRef]

45. Daley, C.L.; Iaccarino, J.M.; Lange, C.; Cambau, E.; Wallace, R.J.; Andrejak, C. Treatment of Nontuberculous
Mycobacterial Pulmonary Disease: An Official ATS/ERS/ESCMID/IDSA Clinical Practice Guideline: Executive
Summary. Clin. Infect. Dis. 2020, 71, e1–e36. [CrossRef]

46. Haworth, C.S.; Banks, J.; Capstick, T.; Fisher, A.J.; Gorsuch, T.; Laurenson, I.F. British Thoracic Society
guidelines for the management of non-tuberculous mycobacterial pulmonary disease (NTM-PD). Thorax
2017, 72 (Suppl. 2), ii1–ii64. [CrossRef]

47. Debieuvre, D. Pulmonary Mycobacterium malmoense and Aspergillus infection. Thorax 1995, 50, 216.
[CrossRef]

48. Fukushima, K.; Kitada, S.; Abe, Y.; Yamamoto, Y.; Matsuki, T.; Kagawa, H. Long-Term Treatment Outcome of
Progressive Mycobacterium Avium Complex Pulmonary Disease. J. Clin. Med. 2020, 9, 1315. [CrossRef]

49. Lowes, D.; Al-Shair, K.; Newton, P.J.; Morris, J.; Harris, C.; Rautemaa-Richardson, R. Predictors of mortality
in chronic pulmonary aspergillosis. Eur. Respir. J. 2017, 49, 1601062. [CrossRef]

50. Naito, M.; Kurahara, Y.; Yoshida, S.; Ikegami, N.; Kobayashi, T.; Minomo, S. Prognosis of chronic pulmonary
aspergillosis in patients with pulmonary non-tuberculous mycobacterial disease. Respir. Investig. 2018,
56, 326–331. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1371/journal.pone.0176342
http://dx.doi.org/10.3389/fmicb.2019.02980
http://dx.doi.org/10.1128/CMR.00055-08
http://dx.doi.org/10.1093/clinids/18.2.266
http://dx.doi.org/10.1007/s12281-017-0304-7
http://dx.doi.org/10.1016/j.jinf.2010.08.005
http://dx.doi.org/10.1007/s10096-012-1754-z
http://dx.doi.org/10.3390/jof6010028
http://dx.doi.org/10.1128/AAC.04075-14
http://dx.doi.org/10.1093/cid/ciaa241
http://dx.doi.org/10.1136/thoraxjnl-2017-210927
http://dx.doi.org/10.1136/thx.50.2.216
http://dx.doi.org/10.3390/jcm9051315
http://dx.doi.org/10.1183/13993003.01062-2016
http://dx.doi.org/10.1016/j.resinv.2018.04.002
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Epidemiology 
	Pathogenesis 
	Risk Factors 
	NTM Species and Risk of CPA 
	Clinical Manifestation and Diagnosis 
	Treatment 
	Prognosis 
	Conclusions 
	Future Research 
	References

