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Abstract

The incidence of Mycobacterium avium complex pulmonary disease (MACPD)
has been globally increasing. The present study aims to provide a compre-
hensive analysis of clinical characteristics and treatment response among pa-
tients in the Amazon region of Brazil and conduct a retrospective cohort
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2020. The M. avium group represented 58.9% of cases, followed by M. intra-
cellulare (35.7%), M. colombiense (3.6%), and M. chimaera (1.8%). The ma-
jority of patients (73.2%) were female and with an average age of 63 years.
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Primary clinical manifestations included persistent cough and sputum pro-
duction. The Charlson comorbidity index (CCI) averaged 2.47, with 36.3% of
patients having a CCI score equal to higher than 3. Notably, over 70% of pa-
tients had received treatment for pulmonary tuberculosis before initiating
treatment for MAC infection. The fibrocavitary radiologic form was the most
prevalent (55.4%), frequently exhibiting a bilateral distribution (53.6%). An-
timicrobial susceptibility revealed a significant prevalence of MAC resistance
to drugs in the therapeutic regimen. Despite this, most of the patients expe-
rienced clinical improvement (50%). In conclusion, this study highlights a
higher prevalence of MAC infections among middle-aged women, with a his-
tory of pulmonary tuberculosis treatment and presenting the fibrocavitary ra-
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diological form was predominant.
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1. Introduction

Recent data have shown increasing infections caused by nontuberculous myco-
bacteria (NTM), particularly, the pulmonary disease caused by the Mycobacte-
rium avium complex pulmonary disease (MACPD) as an emerging and relevant
pathology on a global scale [1]. Most individuals affected by MACPD have un-
derlying pulmonary complications, such as chronic obstructive pulmonary disease
(COPD) and bronchiectasis. Additionally, another group at higher risk for de-
veloping disseminated mycobacterial disease includes those with compromised
immune systems due to HIV/AIDS, organ transplants, or immunosuppressive
therapies [2].

Notable differences are observed regarding the prevalence of NTM species
causing infections, in which the regional disparities are usually attributed to en-
vironmental and climatic conditions, exposure to contaminated water sources,
and specific individual factors. Globally, Brazil and Portugal account for ap-
proximately 50% of NTM cases attributed to the MAC [3]. Furthermore, notable
regional disparities in NTM infection prevalence in Brazil are evident, with A
kansasii being highly prevalent in the South and Southeast regions, while MAC
and M. abscessus are more frequent in the North and Northeast regions [4] [5].
Data from the state of Ceara (Brazilian Northeast) present an epidemiological
scenario predominantly characterized by cases among males (73.9%), with pul-
monary (60.9%) and disseminated manifestations (27.5%), presenting a signifi-
cant association with HIV infection (69.6%), and cases primarily linked to M.
avium (24.6%) and M. fortuitum (10.1%) species [6]. In the Brazilian Northern
region, the State of Para reports one of the highest national averages in terms of
mycobacterial infections: between 2013 and 2019, the state recorded over 100 cases
of NTM, highlighting MAC as the predominant pathogen in Para state. Addition-
ally, the state exhibits a concerning rate of 49.4% of tuberculosis (TB) cases per
100,000 inhabitants officially documented in 2022 [6] [7]. For the diagnosis of
MACPD, it is essential to consider not only the clinical characteristics, but also
the microbiological and radiological aspects. Finally, categorizing the disease in-
to fibrocavitary or nodular-bronchiectatic forms plays a crucial role in clinical
management and therapy response [8] [9] [10] [11].

Treating patients with MACPD can be challenging due to several factors, in-
cluding the extended duration of treatment and respective side effects. Further-
more, the inherent manifestation of antimicrobial resistance by NTM species can

further complicate therapeutic success. In this context, careful monitoring and an
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individualized approach are necessary to achieve satisfactory clinical outcomes
[12] [13] [14] [15] [16].

To facilitate the development of control strategies and improve the manage-
ment of MACPD infections in Brazil, it is imperative to understand the regional
factors, considering the vast Brazilian territory and, especially, the significant so-
cioeconomic, geographical, and environmental disparities existing in the Amazon
region. Therefore, studies focusing on specific regions are important to provide
insights into a particular locality and enable the Brazilian healthcare system to

effectively monitor and mitigate the impact of MACPD nationwide.

2. Materials and Methods

Study design and data collection

This retrospective observational study was conducted at the Jodo de Barros
Barreto University Hospital (Belém, State of Para, Brazil), within the most po-
pulous state in the Northern region of Brazil. Records of 139 patients with pul-
monary NTM isolates treated between January 2012 and December 2020 were
reviewed, and 56 patients were identified with MACPD. Patients over 18 years of
age, diagnosed according to the 2020 American Thoracic Society (ATS/IDSA)
criteria, and who completed treatment between January 2012 and December
2020 were included [8] [9]. In this study, 13 patients who did not meet these cri-
teria were excluded from the analysis, and by using available medical records, 43
patients were analyzed including data on sociodemographic, clinical, microbio-
logical, medical imaging aspects (High-Resolution Computed Tomography) and
therapeutic responses.

The Charlson comorbidity index (CCI) was used to assess known comorbidi-
ties association with mortality, including myocardial infarction, diabetes melli-
tus, cancer, chronic lung disease, liver disease, chronic kidney failure, stroke, pep-
tic ulcer, autoimmune disease, cirrhosis, leukemia, and AIDS [16] [17] [18]. Al-
so, the history of prior treatment for pulmonary tuberculosis, using the therapeu-
tic regimen composed of rifampicin, ethambutol, pyrazinamide, and isoniazid,
was evaluated.

For the relative risk analysis, patients were divided into two groups: the “A.
avium group” and “other species” group (including patients with M. intracellu-
lare, M. chimaera, and M. colombiense). Regarding the primary outcome, variables
and determining factors associated with treatment response were examined, com-
paring characteristics of cured and non-cured patients. The definition of cure
included the completion of antimycobacterial treatment, with documented cul-
ture conversion, and absence of failure and/or recurrence within 24 months after
antimycobacterial treatment. Patients not meeting these criteria were classified
as non-cured [19].

Molecular identification of isolates and drug susceptibility testing (DST)

The molecular identification of isolates involved the sequencing of specific re-
gions of the 16S rRNA, Asp65, and rpoB genes, followed by the obtained data
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comparison using the basic local alignment search tool (BLAST) in the National
Center for Biotechnology Information database [20] [21].

For the drug susceptibility testing (DTS) experiments, the first isolate obtained
from each patient were included and the minimum inhibitory concentration
(MIC) was determined using the microdilution method SLOMYCO Sensititre®,
provided by Trek Diagnostic Systems. Out of 43 initial isolates, only 41 isolates
were tested, and the results were standard analyzed following the guidelines by
the Clinical and Laboratory Standards Institute (CLSI) [22]. All experiments were
conducted under the responsibility of the regional tuberculosis laboratory, in the
Bacteriology and Mycology section, at the Evandro Chagas Institute, affiliated with
the Brazilian Ministry of Health (IEC/PA/MS).

Spatial distribution of Mycobacterium avium complex cases

The spatial distribution analysis was conducted and organized into 13 distinct
regional health centers. Each address was tabulated in Microsoft Office Excel
2019, and geographical coordinates were acquired using the Freegeocoding and
Google Maps tools. Subsequently, ArcGIS (https://www.arcgis.com) and Terra-

View 10.5 software were utilized for case mapping. The kernel density estimator
(EDK) spatial analysis technique, available in TerraView, was applied to explore
point patterns through exploratory interpolation. Results obtained from this es-
timator were depicted using a color scheme, associating green with the Low-
Occurrence category, yellow with Medium Occurrence, orange with High Oc-
currence, and red with Very High Occurrence [23] [24]. A map was built for vi-
sualization of this distribution, emphasizing the locations of MAC species and
their respective occurrences in the State of Para.

Protocols and therapeutic approaches for Mycobacterium avium complex
pulmonary disease (MACPD)

The initial treatment plan involved three medications: rifamycin, ethambutol,
and a macrolide (clarithromycin mainly). For severe and cavitary forms, an ami-
noglycoside (amikacin mainly) was added to the initial protocol. Other drugs,
like azithromycin, streptomycin, and rifabutin, were used in creating various
therapeutic protocols, particularly in specific situations such as cases of intoler-
ance or allergy. The treatment was maintained for 12 months until achieving neg-
ative culture conversion or meeting the established criteria for cure [8] [9].

The adopted definition of cure encompassed the successful completion of an-
timycobacterial therapy, as evidenced by documented culture conversion and
the absence of any indications of failure or recurrence for a period of up to 24
months following the completion of antibiotic treatment. Furthermore, clinical
improvement of symptoms with regression, especially in symptoms like cough,
sputum, and fever, was taken into consideration. As for signs, weight loss would
be considered. Patient-reported and/or objective improvement of symptoms
throughout antimycobacterial treatment was also considered, with this improve-
ment sustained until the conclusion of the treatment, even in the absence of avail-
able culture data to confirm microbiological conversion. Patients failing to meet

these specific criteria were classified as not cured [19].
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Statistical analysis

In this study, the MAC species were divided into two groups based on molecu-
lar identification: the M. avium group and the group of other species (M. intra-
cellulare, M. chimaera, and M. colombiense). The collected data underwent a
comprehensive statistical analysis, incorporating both descriptive and inferential
statistics to account for the properties of the variables. The Shapiro-Wilk test
was employed to assess the normal distribution of the data. In cases where the
variables exhibited a non-parametric distribution, the Mann-Whitney test was
applied to conduct comparative analyses between two independent groups. To
estimate the degree of association between the selected exposure variables and
the resulting event, measures of relative risk were calculated, along with the cor-
responding 95% confidence intervals for each variable.

Ethical considerations

The study protocol received approval from the ethics committee of the Jodo
de Barros Barreto University Hospital and registered under CAAE:
53327321.0.0000.0017 on May 20, 2022. Given the retrospective nature of the
study, written informed consent was not obtained. Also, the research adhered to
the guidelines presented in the Declaration of Helsinki Brazilian and by the Bra-

zilian National Health Council.

3. Results

Species identification

According to obtained data, the most prevalent MAC species was M. avium
(58.9%; 33/56), followed by M. intracellulare (35.7%; 20/56), M. colombiense
(3.6%; 2/56), and M. chimaera (1.8%; 1/56). The identified isolates were dis-
tributed throughout the State of Para (Figure 1). The application of the Kernel
Density Estimator (KDE) technique demonstrated that the areas of higher inci-
dence were concentrated in the metropolitan region of the capital, Belém (Figure
2).

Clinical characteristics of patients

In the present cohort, the female population represented a substantial majori-
ty, accounting for 73.0% (31/43) of the study participants. Regarding age, the
highest representation across all species was found in individuals aged between
70 and 79, constituting 25.0% of cases. Additionally, when comparing patients in
the group consisting of other species, it was noted that, on average, they were
about 10 years older than patients in the M. avium group (p = 0.0317). Further-
more, in the group of other species, the age ranged from 25 to 90 years, with an
average age of 63 years (Table 1 and Table 2). Regarding clinical manifestations,
cough and sputum showed statistically significant proportions (p < 0.0001)
among the participants. The mean CCI score was 2.47, with 36.3% of patients
having a CCI score of 3 or higher. However, no difference was observed when
comparing the Charlson comorbidity index between patients infected with other
species and M. avium (p = 0.0752) (Table 2).
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Figure 1. Distribution of Mycobacterium avium complex species cases associated with pulmonary disease
in the State of Para, Brazil, Amazon Region. Source: Evandro Chagas Institute (IEC/PA), 2023.
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Figure 2. Spatial distribution of Mycobacterium avium complex species concentrated in the metropolitan
region of the capital, Belém. Source: Evandro Chagas Institute (IEC/PA), 2023.

Regarding previous treatments for pulmonary tuberculosis, 70% of patients
with M. avium and 81% of patients with M. intracellulare, undergone the regi-
men. Also, some patients undergone more than two treatments, both in the M.

avium group (33%) and in the M. intracellulare group (62.5%) (Table 3).
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Table 1. Demographic characteristics of patients.

Epidemiological data Frequency % (N = 43)
Sex
Female 31 73.0%
Male 12 27.0%
Age Frequency % (N = 43)
<50 8 20.0%
50-59 7 18.0%
60 - 69 8 20.0%
70-79 11 25.0%
=80 9 17.0%
Minimum/average/maximum 25/63.0 £ 16.7/90 years

Source: NTM Outpatient Clinic—HUJBB, 2023.

Table 2. Comparison of age and Charlson comorbidity index among MACPD patients
according to Mycobacterium avium group and other species group (including patients
with M. intracellulare, M. chimaera, and M. colombiense) and observed outcome. HUJBB,

2012-2020.
MACPD p-value
Variable
Other MAC species M. avium (Mann-Whitney)
Age
Min. - Max. 25-85 32-90
Average * standard deviation 69.5+ 154 59.6 + 16.4 0.0317
CI95% 61.3-77.7 52.7 - 66.5
Median (DIQ) 73.5 (61.8 - 80.8)  58.5 (43 - 72.3)

Charlson comorbidity index

Min. - Max. 0-5 0-6
Median (DIQ) 4(2.3-4) 2(1-3.8) 0.0752
CI 95% 2-4 1-3

Source: NTM Outpatient Clinic—HUJBB, 2023.

Table 3. Treatments for pulmonary tuberculosis prior to the diagnosis of MAC

>2 treatments

MAC Treatment for pulmonary Tb for pulmonary Tb
M. avium (24/43) 17 (70%) 8 (33%)
M. intracellulare (16/43) 13 (81%) 10 (62.5%)
M. colombiense (2/43) X 2 (100%)
M. chimaera (1/43) 1 (100%) X

Source: NTM Outpatient Clinic—HUJBB, 2023.
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In this study, results indicate an increased relative risk among women with a
history of previous treatments for pulmonary TB compared to those without
such a history. The calculated relative risk estimate (RR) demonstrates a statis-
tically significant association between previous treatment and subsequent AL
avium infection, even after adjustment for potential confounding factors, with
a risk ratio of 4.750 [1.191 - 26.880] (95% confidence interval, p-value < 0.05).
These results highlight the importance of considering previous pulmonary TB
treatment as a risk factor when assessing M. avium infection rates among wom-
en.

Radiologic features

The fibrocavitary and bilateral forms were the most prevalent, representing
72.1% (31/43) and 69.8% (30/43) of cases. It is worth noting that no statistical
significance was observed for these values (p > 0.05) (Table 4 and Figure 3).

Drug susceptibility testing (DST) and treatment of Mycobacterium avium
complex pulmonary disease (MACPD)

The DST indicated considerable resistance to common antimycobacterial agents
such as rifampicin and ethambutol. However, it was observed that M. avium
isolates showed significantly higher resistance rates to clarithromycin and ami-
kacin when compared to other species within the M. avium complex (Table 5).
Concerning treatment and medications schemes by patients, a significant corre-
lation was observed in the administration of clarithromycin and ethambutol (p <
0.0001), with utilization rates of 67.5% and 100%, respectively. Rifampicin dem-
onstrated a statistically significant prevalence, being utilized by 74.5% of the pa-
tient population. Additionally, other medications, such as streptomycin (35.7%),
amikacin (33.9%), and azithromycin (32.5%), among others, were administered

as detailed in Table 6.

Table 4. Radiological features presented by MACPD patients in the State of Para.

Radiologic features Frequency % (N = 43)
Unilateral 15 34.9%
Bilateral 30 69.8%
Fibrocavitary 31 72.1%
Bronchiectasis 24 55.8%
Opacities 8 18.6%
Fibrosis 6 14.0%
Nodules 11 25.6%
Atelectasis 4 9.3%
Tree-in-bud 3 7%
Calcification 2 4.7%
Pleural thickening 2 4.7%

Source: NTM Outpatient Clinic—HUJBB, 2023.
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Table 5. Antimicrobial resistance profile of M. avium complex isolates in patients from the State of Para (2012-2020).

Tested drugs  Breakpoint M. avium M. intracellulare M, colombiense M. chimaera Nres (%)
N =23 (%) N = 15 (%) N =2 (%) N =1 (%)

Rifampin >1 23 (100%) 15 (100%) 0 1 (100%) 95.1
Rifabutin >2 20 (87.0%) 5 (33.3%) 0 0 60.1
Ethambutol >8 23 (100%) 15 (100%) 2 (100%) 1 (100%) 100
Clarithromycin >32 11 (47.8%) 5(33.3%) 1 (50%) 0 41.6
Moxifloxacin >4 21 (91.3%) 12 (80%) 2 (100%) 1 (100%) 87.8
Amikacin >64 16 (69.6%) 7 (46.7%) 0 0 56.1
Linezolid >32 22 (95.7%) 10 (66.6%) 2 (100%) 1 (100%) 85.3

Nres: resistant isolates; the number provided corresponds to the quantity of antibiotic-resistant samples for the respec-
tive antibiotic; susceptibility testing (ST) results were available for only 41 patients.

Table 6. Medications used in the treatment of patients with MACPD.

Medications Frequency % (N = 43)
Etambutol* 43 100%
Claritromicin* 29 67.5%
Rifampicin** 32 74.5%
Estreptomicin 15 35.7%
Amicacin 19 33.9%
Azitromicin 14 32.5%
Rifabutin 11 25.5%

*p < 0.0001 and **p = 0.0008 Chi-Square Goodness-of-Fit Test. Source: NTM Outpatient
Clinic—HU]JBB, 2023.

Figure 3. Cavitary form of Mycobacterium intracellulare pulmonary disease in a
52-year-old female patient. Chest high-resolution computed tomography (HRCT) reveals
bilateral cavitation, centrolobular nodule in the middle lobe and upper right lobe, and left
lung volume reduction. Source: NTM Outpatient Clinic—HUJBB, 2023.

Consequently, responses to treatment were assessed, revealing clinical improve-
ment in 25 patients (58.1%). Weight gain was observed in 14 patients (32.6%),
while radiological improvement manifested in 11.6% of cases. Subsequently, a
significant proportion of the patient cohort (65.1%) achieved cure compared to
those who experienced treatment failure (30.2%) and those who abandoned treat-
ment (14.0%), as presented in Table 7.
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Table 7. Treatment-related variables.

Treatment response Frequency % (N = 43)
Clinical improvement 25 58.1%
Weight gain 14 32.6%
Radiologic improvement 5 11.6%
Outcomes Frequency % (N = 43)
Cure* 28 65.1%
Failure 13 30.2%
During treatment 6 14.0%
Abandon 6 14.0%
Relapse 3 7.0%

*All the definitions used here are described in the methodology [20]. Source: NTM Out-
patient Clinic—HUJBB, 2023.

4. Discussion

The pulmonary infection by M. avium Complex was identified at a high preva-
lence among women in this cohort, aligning with early reports of Lady Winder-
mere Syndrome. Data from a study involving 35 women indicated significantly
higher estrogen levels in patients undergoing MAC treatment, while DHEA-S
(dehydroepiandrosterone sulfate) levels were comparatively lower [25] [26].
Several studies suggested a plausible correlation between hormonal factors and
senescence as prominent elements in MACPD. In a study with 220 individuals
with pulmonary NTM, 30% exhibited bronchiectasis in computed tomography
scans. In this specific group, a higher proportion was demonstrated among wom-
en (p = 0.002), and the average age was considerably high (p = 0.005). Addition-
ally, these patients tended to have significantly lower body weight (below 50 kg)
and height < 155 cm (p < 0.0001 and p = 0.018, respectively) [25] [26] [27]. In
the present study, the elderly emerged as significant predictors of MACPD, with
patients affected by the group of other species, mainly represented by M. intra-
cellulare, having an average age ten years higher (p = 0.0317) than those affected
by the MAC group. These results are aligned with previously data, where patients
infected with M. avium and M. intracellulare had average ages of 59 and 64 years,
respectively [28].

According to the study by Koh et al [28], 267 cases of pulmonary disease by
MACPD were examined, of which 45% were attributed to the M. intracellulare
species. The affected patients were older (64 years, p = 0.002), had a lower body
mass index (19.5 kg/m?, p < 0.001), and a higher frequency of respiratory symp-
toms, such as cough (84%, p = 0.005). Moreover, a higher percentage of patients
had a previous history of tuberculosis treatment (51% versus 31%, p < 0.001),
and were more likely to present the fibrocavitary form of the disease (26% versus
13%, p < 0.001). In the present cohort, patients with M. intracellulare presented

similar findings; however, they were older, had multiple clinical symptoms (on
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average, more than four symptoms), and the fibrocavitary form was more evident
(although statistically significant differences were not observed). This study also
highlighted the predominance of bilateral fibrocavitary forms, which could be ex-
plained by the high prevalence of previous treatment for pulmonary TB among
patients (occurring in more than 70% of cases), especially among women in the
M. avium group [29] [30] [31]. This association indicates a nearly five times
higher relative risk (4.750 [1.191 - 26.880]) for infection. Unfortunately, in Bra-
zil, the routine use of sputum cultures before starting treatment for pulmonary
tuberculosis is not consistently practiced in most cases. This lack of diagnostic
precision leads to the administration of inadequate treatment regimens for NTM
patients, such as infected by MAC species [8] [9] [32]. The delay in initiating
specific treatment for MAC, including fibrocavitary forms, may contribute to the
exacerbation of pulmonary deterioration evidenced in imaging studies, conse-
quently leading to a higher prevalence of more severe presentations [17] [32] [33]
[34] [35].

Regarding comorbidities, bronchiectasis was the most frequently identified
condition (41.1%). In a recent systematic review, respiratory conditions such as
bronchiectasis showed a robust association for NTM-PD (bronchiectasis [OR,
21.43; 95% CI, 5.90 - 77.82], similar to those found in the present analysis for a
previous history of TB [OR, 12.69; 95% CI, 2.39 - 67.26]) [36].

Commonly used antimycobacterial drugs in treatment include clarithromycin,
ethambutol, and rifampicin, which are the most recommended non-resistant re-
gimens. Additionally, the values of MIC in susceptibility tests were high, reveal-
ing considerable resistance to rifampicin, ethambutol, moxifloxacin, clarithro-
mycin, and amikacin. However, it was observed that clarithromycin and amika-
cin presented significantly higher resistance rates among M. avium. This finding
supports the hypothesis of increased resistance in these isolates, raising addi-
tional epidemiological concerns. This is particularly relevant considering that
the use of aminoglycosides is strongly advised in the treatment of cavitary and
severe forms caused by M. avium. Therefore, the resistance demonstrated by
these isolates can indeed have negative implications for the clinical progression
of patients, as therapeutic responses improved symptoms in only about 50% of
cases [11]. Additionally, the precise measurement of NTM susceptibility to anti-
biotics should include assessments of biofilms and intracellular environments,
representing considerable challenges and some of the main difficulties in disco-
vering suitable antibiotic regimens [10].

Another evaluation observed therapeutic success rates of 60.0%, but there was
a dropout rate of 16.0%, which can be attributed to the long duration of treat-
ment, multiple drug regimens, and severe adverse effects [32]. Currently, ac-
cording to updated data from the Brazilian registry, MAC has become the most
prevalent species in the North, Central-West, and South regions of Brazil be-
tween 2013 and 2019, highlighting the importance of clinical studies with re-

gional perspectives in a country with a vast geographic territory like Brazil. An
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epidemiological description involving 29 cases in Pard found that a previous
history of pulmonary tuberculosis was the most critical risk factor for NTM
pulmonary disease, specifically among 52-year-old women. At that time, M. ab-
scessus and the M. simiae complex were the predominant species in the region
[30]. Another study conducted in Rondonia, a state also located in the Amazon
region, demonstrated that the most frequently found NTM species were M. ab-
scessus and M. avium [31]. Therefore, the development of controlled clinical stu-
dies is crucial to improve the management and conduct of treatments to achieve
more effective clinical outcomes among patients.

The present study acknowledges certain limitations, including a reduced sam-
ple size that may limit the generalizability of our findings, incomplete medical
records that could hinder a comprehensive analysis of patient histories, and the
absence of drug susceptibility testing (DST) for all patients, impacting our ability
to fully assess antimicrobial resistance patterns. Nonetheless, these challenges un-
derscore the importance of robust data collection and highlight potential areas
for future research, aiming to enhance our understanding of M. avium complex
pulmonary disease and improve patient outcomes through more informed treat-

ment strategies.

5. Conclusion

The present study provides relevant information on demographic characteris-
tics, clinical manifestations, antibiotic susceptibility profiles, and therapeutic
response MAC infections in the State of Pard. Examining the history of treat-
ment for pulmonary tuberculosis, it is relevant to note that more than 70% of
the patients had been previously treated for tuberculosis. Some had even under-
gone more than two treatments before initiating the therapeutic regimen for
MAC. Conditions that can significantly influence the approach, bring impli-
cations for the management and outcome of NTM treatment. These are valu-
able insights portraying the epidemiological scenario in the Amazon region
during the study period and underscore the need for additional epidemiologi-
cal surveillance research, especially studies evaluating drug resistance in the-
rapeutic regimens for NTM, particularly by MAC, which notably, showed con-
siderably higher resistance rates to clarithromycin and amikacin antimicro-
bials.
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